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Abstract

Background: Changing demographics across the UK has led to general practitioners (GPs) managing increasing
numbers of older patients with multi-morbidity and resultant polypharmacy. Through government led initiatives
within the National Health Service, an increasing number of GP practices employ pharmacist support. The purpose of
this study is to evaluate the impact of a medicines optimisation intervention, delivered by GP practice-based pharma-
cists, to patients at risk of medication-related problems (MRPs), on patient outcomes and healthcare costs.

Methods: A multi-centre, randomised (normal care or pharmacist supplemented care) study in four regions of the
UK, involving patients (n=356) from eight GP practices, with a 6-month follow-up period. Participants were adult
patients who were at risk of MRPs.

Results: Median number of MRPs per intervention patient were reduced at the third assessment, i.e. 3t0 0.5
(p<0.001) in patients who received the full intervention schedule. Medication Appropriateness Index (MAI) scores
were reduced (medications more appropriate) for the intervention group, but not for control group patients (8 [4-13]
to 5 [0-11]vs 8 [3-13] to 7 [3-12], respectively; p=0.001). Using the intention-to-treat (ITT) approach, the number of
telephone consultations in intervention group patients was reduced and different from the control group (1 [0-3] to
1[0-2] vs 1 [0-2] to 1 [0-3], p=0.020). No significant differences between groups were, however, found in unplanned
hospital admissions, length of hospital stay, number of A&E attendances or outpatient visits. The mean overall
healthcare cost per intervention patient fell from £1041.7 & 1446.7 to £859.1 +1235.2 (p =0.032). Cost utility analysis
showed an incremental cost per patient of — £229.0 (95% Cl — 594.6, 128.2) and a mean QALY gained of 0.024 (95%
Cl —0.021 t0 0.065), i.e. indicative of a health status gain at a reduced cost (2016/2017).

Conclusion: The pharmacist service was effective in reducing MRPs, inappropriateness of medications and tel-
ephone consultations in general practice in a cost-effective manner.

Trial registration: ClinicalTrials.Gov, NCT03241498. Registered 7 August 2017—Retrospectively registered, https://clini
caltrials.gov/ct2/show/NCT03241498
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Medicines optimisation

Background

As the population ages, the disease burden and number
of comorbidities increases in individual patients [1, 2].
Medication-related problems (MRPs) are increasingly
likely to arise in older patients since their medication is
often more complex [3]. A medication-related problem
(MRP) is defined as “an event or circumstance involving
medication therapy that actually or potentially interferes
with an optimum outcome for a specific patient” [4].
These problems have been found to lead to an increased
incidence of hospital admissions, primary care physician
and emergency department visits, and thus increase the
cost of healthcare provision [5-7].

According to their report to the Policy Research Unit in
Economic Evaluation of Health and Care Interventions,
Elliot and colleagues (2018) estimated that primary care
adverse drug reaction (ADR)-related hospital admissions
in the UK have an annual cost of £83.7 million and cause
over 627 deaths per annum [8]. Older age, previous ADR-
related hospital admission and polypharmacy have been
associated with a high prevalence of ADR-related hospi-
tal admissions [9, 10]. In addition, significant medication
wastage has been found within general practice settings
in England with an estimated £300 million worth of pre-
scribed medications being wasted each year in primary
and community care [11]. Optimisation of drug therapy
and prevention of MRPs therefore has the potential to
reduce health care expenditure, increase patient quality
of life and save lives [12—-15].

Medicines optimisation is defined as “a person-centred
approach to safe and effective medicines use, to ensure
people obtain the best possible outcomes from their
medicines” [16]. One important aspect of the practice
of evidence-based medicine is shared-decision mak-
ing, an approach which involves seeking and sharing the
best available evidence as guidance to decision making
in individual patient care, while considering individual
patient needs, preferences and values [17-19].

Greater engagement with patients and enhanced pro-
fessional collaboration within health and social care
settings all contribute to the medicines optimisation pro-
cess. To support the medicines optimisation agenda a
guide on medicines optimisation has been produced by
The Royal Pharmaceutical Society, the aim of which is to
ensure patients get the most benefit from their medicines
[20].

Primary care systems internationally are increasingly
starting to utilise a team-based approach to care delivery,

with pharmacists increasingly recognised as a part of
healthcare professional teams within primary care set-
tings. This integration of pharmacy services into primary
health care systems has been shown to have significant
benefits including reduction in medication errors, effec-
tive identification and resolution of MRPs, improvements
in medication adherence, improved patient outcomes,
relief of work pressure on GPs, improved communica-
tion and co-operation between health professionals, and
strengthened team working within primary care [21-25].

Systematic reviews have identified a variety of benefi-
cial interventions and positive impacts when pharmacists
and GPs work together. As the expansion of the role of
pharmacists in the primary health care setting moves
forward, more robust evidence on healthcare resource
utilisation and cost-effectiveness, linked to well defined
outcome measures, is required to determine whether
practice-based pharmaceutical interventions are indeed
effective, efficient and sustainable [26-30].

Methods

The aim of the present research was to assess the impact
of a medicines optimisation intervention, delivered in GP
practices by practice-based pharmacists to patients at risk
of MRPs, on patient outcomes and healthcare resource
utilisation, i.e. the number of unplanned hospital admis-
sions, A&E (accident and emergency) attendances, gen-
eral practice consultations, outpatient visits and overall
costs associated with health care delivery (including a
cost utility analysis). Additional objectives were to assess
the impact of the intervention on medicines optimisa-
tion measures (MRPs and medication appropriateness),
self-reported medication adherence and humanistic out-
comes (patient beliefs about medicines, health-related
quality of life and patient satisfaction with the GP prac-
tice-based pharmacist service).

A pragmatic, prospective, multi-centre, randomised,
controlled intervention study was conducted simultane-
ously in four different regions of the United Kingdom
(UK) with two GP practices participating in the research
in each of the four geographical areas, i.e. Northern
Health and Social Care Trust (NHSCT), Northern Ire-
land; North West Coast Academic Health Science Net-
work (AHSN), England; Wessex AHSN, England; and
Eastern AHSN, England. In the UK GP practice popu-
lations are stable, i.e. a patient is registered with and
attends a single GP practice where National Health Ser-
vice provision is available at no cost to the patient.
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The study was approved by the Office of Research
Ethics Committees in Northern Ireland (ORECNI; 16/
NI/0135). Research Governance approval was obtained
from the Northern Health and Social Care Trust
(NHSCT; NT16-0527-08) and the Health Research
Authority NHS England (IRAS: 209697). ClinicalTrials.
Gov registration no: NCT03241498.

Patient recruitment commenced on 28 November 2016
and was completed on 4 July 2017. The follow-up period
was 6 months. A stratified approach to recruitment was
used and patients were recruited sequentially, according
to risk stratification, i.e. Stratum 1: adult patients aged
18 years old or over who have had at least one unplanned
hospital admission or two or more A&E attendances in
the previous 12 months and prescribed at least 6 regu-
lar oral or inhaled, long-term medicines; and Stratum 2:
adult patients aged 18 years old or over who were pre-
scribed at least 10 regular oral or inhaled, long-term
medicines. The basis for this approach was to give prior-
ity to the recruitment of patients who were at higher risk
of MRPs (stratum 1) and then move to recruiting patients
in stratum 2 to reach intended patient numbers. Patients
were excluded in the following cases: residing in a nurs-
ing home or a care home, considered unable to give writ-
ten informed consent (e.g. Alzheimer’s disease), receiving
palliative care, having had 4 or more unplanned admis-
sions to hospital in the previous 6 months or participat-
ing in another research project or novel intervention
scheme within the participating practice. The service, in
the present study, was delivered by six GP practice-based
pharmacists who operated as part of the wider primary
care team within their respective GP practices. Each
pharmacist received 2 days of intensive specialist training
on medicines optimisation (including training on moti-
vational interviewing) prior to commencing the research
project.

The target, pragmatic sample size at each site was
50 intervention patients and 50 control patients, i.e. a
total of 800 patients (400 intervention and 400 control
patients) across the eight participating GP practices.
The list of patients in each practice who met the inclu-
sion criteria of stratum 1, followed by stratum 2 and who
had no exclusion criteria was arranged in a random order
(random.org) and then randomly assigned to control and
intervention groups.

Individual patients were sequentially invited to par-
ticipate in the study via a letter of invitation (patient
information sheet included) with telephone follow-up.
A flyer, made available in GP practice waiting areas,
was also used to help increase the recruitment rates.
The invitation letter invited patients, who were will-
ing to take part in the research, to arrange an appoint-
ment with the clinical pharmacist at the GP practice.
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Patients who attended an appointment and provided
written, informed consent were assigned to the con-
trol or intervention arm of the study. The recruitment
period was approximately 6 months in all practices.
The study flowchart is presented in Fig. 1. In deliver-
ing the pharmacist interventions, the perceptions and
practicalities theoretical framework [31] was applied,
as recommended by the National Institute for Health
and Care Excellence [32].

Prior to the first medicines optimisation intervention
by the clinical pharmacist, he/she reviewed the patient’s
medical notes, electronic record and laboratory data to
identify potential medication-related issues. When the
patient attended the practice, the pharmacist, through
discussion with the patient, compiled a complete medi-
cation history (including non-prescription medicine use),
reviewed medication adherence and appropriateness of
medicines and discussed medication management with
each patient. A pharmacist intervention guide, contain-
ing forms to complete for each patient at different stages
of the research was available to assist in ensuring uni-
formity of the process within and across practices.

Having completed this process, the pharmacist cre-
ated a list of potential MRPs in order to develop an indi-
vidualised medicines optimisation intervention plan for
each patient. The clinical pharmacist aimed at deliver-
ing a holistic, patient-centred service to each participat-
ing patient based on individual needs, expectations and
outcomes that mattered to the patient. The interventions
included recommending/making changes to medica-
tion regimens (in collaboration with GPs), personalised
education and counselling on medication management,
the correct use of medication administration devices
and lifestyle factors, as appropriate for each patient. The
pharmacist also, in discussion with the patient, drew up a
list of treatment goals. Where necessary, the pharmacist
referred the patient to another healthcare professional
within the practice for management of other patient mat-
ters identified during the appointment, e.g. referred to a
diabetic specialist nurse.

Having completed the intervention, the pharmacist
produced a short report for the patient’s GP outlining
actions taken and any further recommendations which
required input from the GP. The same procedure was
followed at subsequent patient visits at 2 and 4 months,
building upon patient progress towards agreed goals. The
control group were the normal care group. A bi-weekly
teleconference involving all participating pharmacists
and a site visit to each GP practice site were conducted by
the university-based members of the research team as an
integral part of project management to ensure that all the
pharmacists were delivering a uniform service and com-
pleting all paperwork appropriately.
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Fig. 1 Study flowchart
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Study outcome measures
The number of unplanned hospital admissions, A&E
attendances, outpatient visits and general practice con-
sultations in the 6 months prior to the commencement of
the intervention and during the 6-month study period for
each participating patient were obtained from the elec-
tronic record system (EMIS Web, SystmOne, or NIECR)
at each participating GP practice. A cost utility analysis
(CUA) [33] was then performed, with a NHS perspec-
tive adopted for the analysis. Data on resource utilisation
together with intervention costs were used. Normalised
unit costs were applied from national sources as detailed
in Additional file 1. Other outcome measures used were
number of MRPs, Medication Appropriateness Index
(MALI) score, medication adherence report scale (MARS),
beliefs about medicines questionnaire (BMQ) and
Health-related quality of life (EQ-5D-5L) and patient sat-
isfaction with the GP practice-based pharmacist service
(bespoke questionnaire) (Additional file 2).

Random sample (random.org) of one-third of the total
sample in every practice was identified for MAI scoring.
A focus group discussion was performed at the end of the

study to collect data on the views of the general practice-
based pharmacists who delivered the medicines optimi-
sation intervention, to help inform future study design. It
will be explored in a separated paper.

Data analysis

Quantitative data collected for participating patients
were transferred to SPSS (version 25, USA inc) or STATA
(version 15, StataCorp) for statistical analysis. Standard
statistical methodology was used to assess the impact of
clinical pharmacist interventions by comparing data from
the intervention and control groups (including before
and after analyses) using appropriate parametric or non-
parametric tests. Standard cost utility methodological
approaches [33, 34] were used to assess the economic
impact of the interventions. Data on resource utilisation
together with intervention costs were used. Responses
to the EQ-5D were used to calculate QALYs (Quality
Adjusted Life Years) gained over the follow-up period.
The QALY value was determined by multiplying the
utility value related to a given health state by the years
observed in that state. The formula used to calculate
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QALYs was as follows [35]: QALYs gained = QALYs with
intervention — QALYs without intervention.

Intention-to-treat analysis (ITT) was conducted for all
patients who were randomised and recruited, i.e. includ-
ing patients who did not complete the end of study ques-
tionnaires. Per protocol (PP) analysis was also conducted
for patients who completed baseline and end of study
questionnaires and received at least one pharmacist
intervention.

Results

A total of 1740 patients were invited (by letter) to partici-
pate in the study and 356 patients were recruited. Patient
recruitment flows are presented in Fig. 2. The total num-
ber of patients recruited was lower than expected. Patient
reasons for declining to participate included: not inter-
ested in participating in research project, did not have
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time to take part, e.g. carer for family member, happy
with GP only service, did not want medications changed,
already attended hospital pharmacist and selected for the
control group. A number of patients were found to be
unsuitable for participation i.e. were housebound, were
acutely unwell, had moved out of the area, were unable
to communicate or were admitted to hospital at the time
of invitation to participate. The difference in number of
deaths between groups was not statistically significant
(P>0.05).

Patient characteristics

Characteristics of the 356 patients recruited are included
in Table 1. Patients recruited mostly came from stratum 1
(64.3%). The average numbers of active medical problems
and prescribed long-term medicines were approximately
7 and 10, respectively, in the control and intervention
groups. The data (Table 1) indicate that patients were well

Invited patients (n=1740)

|

Declined to join the study (n= 704)
Uncontactable (n= 480)

No longer met inclusion criteria (n= 113)

Agreed to join the study but did not
attend (n=87)

Recruited patients (n=356)

Baseline
Questionnaires

Lost to Follow-
Up/Withdrawn (n=43)
Deceased (n=2)

/\ ’ Pharmacist
@( Control (n=175) H Intervention (n=181) }:O“ intervention 1

Timeline
(months)
0
Lost to Follow-Up/Withdrawn (n=33)
Deceased (n=3)
Pharmacist intervention 2 2
(n=145)
N Lost to Follow-Up/Withdrawn (n=26)
Deceased (n=1)
4
Pharmacist intervention 3
(n=118)
— ;ost to Follox:a-Up/Wuthdrawn (n=6)
eceased (n=1)
= 6
Lost to follow-up patients from 1
(n=1) and 2™ assessment (n=7)*

End of study
Questionnaires

I::{ Control (n=130) } [ Intervention (n=119) ]

*Eight patients who were previously lost to follow-up attended the end of study questionnaire session
Fig. 2 Flowchart of patient flows from invited to participate to completion of end of study questionnaires
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Table 1 Patient characteristics at baseline
Variable Total Control Intervention p value
N=356 n=175 n=181
(49.2%) (50.8%)
Stratum 0.752°
1[n (%)] 229 (64.3) 114(65.1) 115(63.5)
2 [n (%)] 127 (35.7) 61 (34.9) 66 (36.5)
Age: [mean years £ SD] 679+13.1 675+126 6854+135 0.275°
Median [IQR] 70 [60.0-78.0] 69 [60.0-77.0] 71[61.0-78.5]
18-65 years [n (%)] 126 (35.4) 63 (36.0) 63 (34.8)
>65 years [n (%)] 230 (64.6) 112 (64.0) 118 (65.2)
Range 25-96 26-94 25-96
Sex 0.442°
Female [n (%)] 192 (53.9) 98 (56.0) 94 (51.9)
Male [n (%)] 164 (46.1) 77 (44.0) 87 (48.1)
Number of active medical problems: [mean 4 SD] 76134 79+36 73+£33 0.043°
Median [IQR] 7 [5-10] 8[5-10] 6 [5-9]
Number of repeat medicines: [mean = SD] 103+36 103£35 103437 0.787°
Median [IQR] 10[8-12] 10 [8-12] 10 [8-12]

SD standard deviation, IQR interquartile range
@ Chi-square test
® Mann-Whitney U test

matched between the control and intervention groups.
The number of active medical problems was, however,
slightly lower in the intervention group (7.3+3.3 vs
7.9+£3.6; p<0.05).

Medication-related problems

The presence of identifiable MRPs provided the phar-
macist with scope to improve medicine use (medicine
optimisation). Analysis (baseline vs third assessment)
of medication-related problem data was carried out
in intervention patients who received three pharma-
cist interventions (n=118). There was a significant
decrease (p <0.001) in median [IQR] numbers of MRPs
per patient between baseline and the third assessment
from 3.0 [2-4] to 0.5 [0-1]. A total 360 MRPs were
identified at baseline. The most common sub-categories
of MRPs identified were inappropriate dosage regimen
(n=69) followed by adverse drug reaction (n=60) and
unnecessary drug therapy (n=>53). A total of 87 MRPs
were identified at the 3rd assessment; the most com-
mon sub-categories of MRPs identified at this final
assessment were inappropriate dosage regimen (n=28)
followed by adverse drug reaction (n=12) (Fig. 3).
Unnecessary drug therapy, ineffective drug therapy and
poor adherence sub-categories were all identified on 10
occasions at the final assessment. Statins, proton pump
inhibitors and opioid analgesics were the most common

classes of medications which led to interventions by the
practice pharmacists (Additional file 3). Further details
on MRP sub-categories at baseline and third assess-
ment according to the classification devised by AbuRuz
et al. (2006) [36], are shown in Fig. 3.

Medication appropriateness index (MAI)

Due to the burden associated with assessment of medi-
cation appropriateness using the MAI tool, a random
sample (random.org) of one-third of the total sample
in every practice was identified for MAI scoring. Scor-
ing was carried out for baseline and end of the study
data, applying the ITT approach. Data indicated that
there were significant improvements in medication
appropriateness (decreases in MAI Score) in patients
in the intervention group (Table 2). The most common
criteria relating to inappropriateness in the interven-
tion group at baseline and at the end of study related to
drug indication followed by correct dosage and correct
directions (Fig. 4). In interpreting the data in Fig. 4,
attention should be given to the weighting of different
criteria in the calculation of MAI scores, i.e. indication
and effectiveness are triple weighted; dosage, correct
directions, drug-drug interactions, or drug-—disease
interactions are double weighted; practical directions,
duplication, duration of treatment and cost are single
weighted.
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Frequency

Sub-category

M Baseline  m Third Assessment
Fig. 3 Sub-categories of medication-related problems identified at baseline and third assessment in patients (n=118) who received three
pharmacist interventions

Table 2 Medication appropriateness index (MAI) scores; ITT analysis

Outcome measures Control Intervention p value
n=60 (48.8%)* n=63(51.2%)*
Baseline End Difference® Baseline End Difference®

Number of medications scored (total) 620 601 628 602

Mean =+ SD* 103+36 100£39 100+£38 96+£39

Median [IQR]* 10[7.3-120] 10[6.3-12.0] 9[7.0-120]  9[7.0-11.0]

Summated MAI score per patient, mean£SD  9.1+£73 9.1+£85 0.0£40 96476 72+81 244438 0.879°

Median [IQR] 813131 71312) 0[0-0] 8[4-13]  5[0-11]  0[0-5] ;360121‘

Bold values denote statistical significance at the p < 0.05 level

*Random sample (random.org) of one-third of the total sample in every practice, “Medications per patient
2 Calculated as MAI score at baseline - MAI score at end of study

b Wilcoxon signed rank test in control group, between baseline and end of study

¢ Wilcoxon signed rank test in intervention group, between baseline and end of study

4 Mann-Whitney U test between groups at end of study for MAI difference

Questionnaire-based outcomes Medication adherence

Within this section, only the PP (patients who com- The MARS scores at baseline and end of study indi-
pleted baseline and end of study questionnaires and cated that patients, by self-report, were mostly adher-
received at least one pharmacist intervention) data ent to their medication with median MARS scores
were utilised. of 24 throughout the study period. Based on clinical
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o

Fig. 4 Frequency of inappropriate MAI criteria (n =63 intervention patients; intention-to-treat group)
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Frequency
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pharmacist feedback gathered through a focus group dis-
cussion conducted at the end of this study, participating
patients were well-motivated and generally reported few
problems with their medication. A typical pharmacist
statement was as follows:

I think the real thing that was really obvious with
the patients who actually came in, was that they are
quite well-motivated.... Their medication appeared
to fit and they were quite well.

Beliefs about medicines

There were also no significant within group or between
group differences in BMQ scores (baseline vs end of
study assessment). Both control and intervention group
patients had median necessity scores (21 and 20, respec-
tively, throughout the study period) that were higher than
median concern scores (13 and 13 at baseline; 15 and
13 at end of study). No statistically significant variation
was noted over time, with the median necessity/con-
cerns differential remaining constant between baseline
and 6 months in both control (7.5) and intervention (7.0)
patients.

Health-related quality of life

Control group patients showed a slight decline from
baseline in the EQ-5D-5L utility scores at the end of
study (from a median of 0.616 to 0.596), while there
was no change in this score in the intervention group
patients (medians of 0.647 to 0.648). Both groups showed
a decline in their visual analogue scale (VAS) general
health state scores over the follow-up period; in the

control group this decline was statistically significant
(from median 60 to 50; p <0.05) while the score was not
statistically significant in the intervention group patients
(from median 65 to 60; p>0.05). There was no significant
difference in the scores between control and intervention
groups.

Patient satisfaction questionnaire

Additional file 4 illustrates the results obtained from the
bespoke patient satisfaction questionnaire. It is clear that
at the end of the study follow-up period more than 75%
of the intervention patients who responded to the sat-
isfaction questionnaire (n=101) were satisfied with all
aspects of the service. The highest satisfaction levels of
92.1% and 91.1% were demonstrated in response to state-
ments one and two, respectively, which related to over-
all view of the new service and on beneficial information
given by the pharmacist.

Healthcare resource utilisation

From the 356 patients recruited, 14 patients whose
healthcare resource utilisation data were not accessi-
ble and seven deceased patients were excluded from the
healthcare resource utilisation aspect of the research.
A total of 335 patients were therefore considered (con-
trol plus intervention), i.e. ITT approach taken. Patients
with a length of stay (LOS) of 20 days or greater were
categorised as outliers and excluded from the analysis
[37-39] as such a LOS was considered more likely to be
disease-related [40, 41] rather than medication-related.
Based on this latter exercise, 5 patients were excluded,
i.e. data from a total of 330 patients were included in the
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analyses of healthcare resource utilisation. The number
of unplanned hospital admissions, number of telephone
consultations in general practice and numbers of total
general practice consultations (both face-to-face and
telephone) decreased significantly (»<0.05) in the inter-
vention group over the 6-month follow-up period when
compared with the prior 6 months. A significant reduc-
tion was found only in the median number of telephone
consultations over the 6-month follow-up period when
compared with control group data (p<0.05). A decrease
in the number of unplanned hospital admissions, num-
ber of face-to-face consultations in general practice and
numbers of total general practice consultations (both
face-to-face and telephone) were also recorded in the
control group, but these changes were not statistically
significant (p>0.05). No statistical differences were
found in the median length of stay, median number of
A&E attendances and median number of outpatient vis-
its within and between groups, pre- and post-initiation of
the new practice-pharmacist service (Table 3).

Health economic outcomes

Using the same datasets as for healthcare resource uti-
lisation (7=330), the total cost of healthcare resource
utilisation in intervention group patients, including
intervention costs, showed a significant (p=0.032)
decrease when 6 months of pre-intervention data were
compared with 6 months of post-intervention data.
Using the ITT approach, the mean overall cost per
patient fell from £1041.7+1446.7 to £859.14+1235.2
(Table 4). There were, however, no statistically significant
differences (p>0.05) in the cost of the individual cost
elements across the dataset with the exception of costs
associated with telephone consultations in general prac-
tice and total costs of all general practice consultations.
Reductions in cost associated with number of telephone
consultations in general practice was significantly differ-
ent when compared with the control group (p<0.05). A
decrease in the overall cost per patient, cost of unplanned
hospital admissions, face-to-face consultations in general
practice and total general practice consultation were also
recorded in the control group, but this decrease was not
statistically significant (p >0.05). No statistical differences
were found in the cost of A&E attendances and outpa-
tient visits within and between groups, pre- and post-ini-
tiation of the new GP practice-based pharmacist service.

Cost utility analysis

The PP approach was used for the cost utility analysis
due to the importance of having EQ-5D-5L data for the
calculations. From the 249 patients in the PP group, five
patients whose healthcare resource utilisation data were
not accessible, eight patients who had missing end-point
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EQ-5D-5L utility value data and four patients with a
LOS of 20 days or more were excluded, resulting in the
inclusion of a total sample of 232 patients in the analy-
sis. The overall intervention group costs for the 6-month
follow-up period were lower than the control group costs
(£810.1£1133.9 vs £1039.1+1562.8 per patient) while
the EQ-5D-5L utility scores were marginally higher in
the intervention group (0.55440.321 vs 0.506+0.323).
The mean incremental total cost was — £229.0 (95% CI
— 594.6, 128.2) and a mean incremental QALY was 0.024
(95% CI — 0.021 to 0.065) are presented in Additional
file 5. An ICER (incremental cost—effectiveness ratio) was
not calculated because the medicines optimisation inter-
vention delivered by practice pharmacists clearly demon-
strated a dominant strategy [42]. The cost—effectiveness
plane, after 1000 bootstrap replications, represents
uncertainty around the cost and effects estimates (Addi-
tional file 6). Although the incremental costs and effects
density straddled all four quadrants of the cost—effective-
ness plane, the majority of the points lay in the dominant
(south-east) quadrant, indicating improved outcomes
linked with reduced cost.

The impact of increasing the total healthcare cost by
50%, increasing the pharmacist intervention cost by 50%
and decreasing the QALY gained by 50% were explored
during sensitivity analysis (Additional file 7). The results
showed that pharmacist medicines optimisation inter-
vention remained the dominant strategy when the inter-
vention cost and QALY were varied. A cost saving was
no longer recorded when the total healthcare cost was
increased by 50%; however, the resulting ICER of £6700
per QALY was still very considerably lower than the
£20,000 per QALY NICE threshold [43, 44].

Discussion
The RCT study design used in the present study was con-
sidered, based on the pyramid of evidence [45], as the
best way to gather new data on the impact of practice-
based pharmacists on economic and humanistic out-
comes due to its ability to reduce confounding factors
and bias [45—47]. Due to a general lack of well-designed
studies in the primary care setting, RCTs are particularly
important for establishing an evidence base pertinent to
clinical decisions and proposed new services [48]. A prag-
matic approach to define the target sample size was used,
however, if the predicted difference in overall healthcare
costs was £250 per patient over 6 months [49], this sam-
ple size was needed to give 80% power to detect a cost
difference at the 5% significance level with a possible 20%
loss to follow-up.

The MRP analysis was carried out only for patients who
had three pharmacist visits to help demonstrate the max-
imal achievable impact of the intervention. The median
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Table 3 Healthcare resource utilisation in control and intervention group patients at baseline and at 6-month follow-up

Outcome measures Control Intervention p value
Baseline 6-month follow-up Difference” Baseline 6-month follow-up Difference®
(6 months pre- (6 months pre-
study) study)
n=161* n=161* n=169* n=169*
(48.8%) (48.8%) (51.2%) (51.2%)
Number of 46 33 40 21

unplanned hospital
admissions (total)

Mean=£SD 03+067 024058 014038 024051 0.1+040 0.1+06 0.279°
Median [IQR] 0 [0-0] 0 [0-0] 0 [0-0] 0[0-0] 0 [0-0] 0[0-0] 8.302]%‘
Number of patients 34 24 34 17
admitted (total)
Length of stay (days) 148 97 - 118 74 -
(total)
Mean £+ SD 44+44 40439 - 35+4.1 44438 - 0.733¢
Median [IQR] 3.0[1.0-7.0] 2.5[1.0-6.5] - 1.5[1.0-4.3] 3.0[1.0-7.5] -
Number of A&E 45 57 43 37
attendances (total)
Mean £ SD 0306 04408 -0.1+£09 03405 02404 00+06 0.326°
Median IQR] 0[0-0] 0[0-0] 0[0-0]  0[0-0] 010-0] oo-o %
Number of face-to- 827 741 791 722

face consultations
in general practice®

(total)
Mean £ SD 51%42 46+38 05439 47+34 43+34 04+34 0.087°
Median [IQR] 4[2-7) 412-6] 2= 4R 4[2-6] 128l 0%
Number of tel- 300 300 321 239
ephone consulta-
tions in general
practice? (total)
Mean £ SD 19+£31 19+£29 00+£26 19427 144£20 05+£24 0481°
Median [IOR 1[0-2 1[0-3 0[-1-1 100-3 1[0-2 0[0-1 0.006°
[IQR] [0-2] [0-3] [-1-1] [0-3] [0-2] [0-1] 0.020¢
Total (face and 1127 1041 1112 961
telephone) number
of General Practice
consultations?
Mean £ SD 70+59 65+53 05+£5.1 6.6+49 57+43 09+44 0284
C
Median [IQR] 6 [3-9] 5 [3-9] 0[-2-3]  6[3-9] 5 [2-8] 1= 2-4] gg’;
Number of outpa- 453 453 487 430
tient visits (total)
Mean £ SD 28+29 28+29 00423 29431 25431 03x26 0.841°
Median [IQR] 21-4] 2 [0-4] 0[—1-11  2[1-4] 2[0-4] 0[—1-2] 8%;

Bold values denote statistical significance at the p < 0.05 level

*From 356 patients, 14 patients’ healthcare resource utilisation data were not available, seven patients were deceased, five patients had 20 or more days of length of
stay at baseline or 6-month follow-up

# Calculated as utilisation at baseline minus utilisation at end of study

@ Consultation with general practitioner, pharmacist and nurse practitioner

b Wilcoxon signed rank test (within control group, between baseline and 6-month follow-up)

¢ Wilcoxon signed rank test (within intervention group, between baseline and 6-month follow-up)

4 Mann-Whitney U test (between control vs intervention for the utilisation difference from baseline)

¢ Mann-Whitney U test (between control vs intervention at 6-month follow-up)
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number of three MRPs per patient at baseline in the pre-
sent study was comparable to key findings of a systematic
review involving general practice patients in the United
States, Sweden, England and Scotland. In the latter study,
the patients had an average of 3.2 MRPs [50]. The pre-
sent study indicated that the pharmacist intervention
decreased the median number of MRPS per patient from
a median of 3.0 to 0.5, i.e. a decrease of 2.5 per patient.
This reduction in MRPs is higher than the results from
another RCT which evaluated a pharmacist-led interven-
tion in primary care in Sweden where the mean decrease
was 0.43 (from 1.73 to 1.31) [51]. In a pre—post interven-
tion study in Australia, which involved the integration
of pharmacists into general practice clinics, a median
decrease of MRPs from 2 to 0 was recorded. In this lat-
ter study, non-adherence, untreated indication and inap-
propriate drug were the most commonly identified MRP
categories [24]. The difference could be explained by dif-
ferent populations in the studies, e.g. lower risk and fewer
MRPs at baseline. It is clear therefore from the present
study, and from previous research, that pharmacist input
can have a beneficial impact on MRPs across a range of
settings internationally [21, 23, 24, 29, 52]. Since identi-
fication, resolution or prevention of MRPs are key func-
tions of pharmaceutical care delivered by a pharmacist,
this finding is to be expected. Statins were the class of
medications most frequently identified in causing MRPs
in the present study. Interestingly a study carried out in
Scotland noted that statin prescribing can be improved
in high-risk patients in primary care via a pharmacist-led
collaborative intervention [53].

Regarding medication appropriateness, the present
study involved random samples of one-third of patients
within each GP practice. The data clearly indicated that
the pharmacist intervention improved medication appro-
priateness as measured by the decline of summated
median scores. Although lower than some hospital-based
studies [54—56], the improvements align with the find-
ings from a Cochrane Review of studies which evaluated
pharmaceutical care interventions in older people receiv-
ing polypharmacy [57, 58]. A number of studies have
linked the resolution of MRPs and/or improvements in
the medication appropriateness to a reduction of adverse
drug-related events [59], improvement of clinical out-
comes [60], and reduction of hospital admission, A&E
attendances and total healthcare costs [61-63].

Self-reported adherence, as assessed by the MARS, was
almost perfect across the whole study period for both
intervention and control group patients. As also reported
in focus group discussion, participating patients were
well-motivated and therefore, there was no scope for
pharmacists to significantly improve self-reported patient
adherence.
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The results of studies to date on the impact of phar-
macist interventions in primary care settings are, how-
ever, variable. A number of studies including systematic
reviews and meta-analysis have reported no significant
impact of a range of pharmacist interventions in pri-
mary care on unplanned hospital admissions and length
of stay [23, 24, 51, 64, 65], A&E attendances [23, 65], GP
consultations [24, 51, 66] and outpatient visits [23, 66].
On the other hand, two studies have shown a positive
impact on unplanned hospital admissions [49] and A&E
attendances [66]. In the former study the mean number
of unplanned hospital admissions significantly dropped
over a 6-month follow-up period in the intervention
group (from 0.09+0.35 to 0.05+0.23; p=0.007) and
increased in the control group (from 0.05+0.25 to
0.07+£0.36; p=0.106) [49]. A significantly lower rate
in A&E attendances in intervention patients (com-
pared with usual care) over a 3-year period (0.0+0.2
vs 0.1 £0.4; p<0.001) was demonstrated in the second
study [66]. Although our study findings regarding the
number of unplanned hospitalisation and length of
stay in intervention groups over the 6-month follow-
up period were not statistically different when com-
pared with the control group, a significant decrease was
found in the number of unplanned hospital admissions
in the 6 months post vs the 6 months pre-intervention
(median 0 [0-0] to 0 [0-0], mean 0.2 to 0.1; p<0.05).
A decrease was also noted in the control group, but
this was a smaller reduction which was not statistically
significant (median 0 [0-0] to 0 [0-0], mean 0.3 to 0.2;
p>0.05). The present study demonstrated significant
reductions in the number of telephone consultations
in general practice over the 6-month follow-up period
when compared with the prior 6 months (from median
1 [0-3] to 1 [0-2], mean 1.9 to 1.4; p<0.05) in interven-
tion group and this was also significantly different from
the control group (p <0.05). In the UK, within the NHS,
there are considerable work-load pressures on GPs and
the reduction in telephone consultations noted in the
present study could help reduce such pressures.

The health economic impact of pharmacist interven-
tions in primary care have been reported in other stud-
ies in which such interventions have been shown to
reduce costs (or at least, not add significantly to costs)
while providing benefits over usual care [23, 49, 66, 67].
An overall cost saving of approximately £250 per patient
has, for example, been reported in a study performed in
Spain which evaluated medication review and follow-
up services in older patients receiving polypharmacy
[49]. In the present study the mean cost saving regard-
ing healthcare resource utilisation was £213 per patient
(£859.1+1235.2 in intervention vs £1072.141635.0
in control group patients). The large variability in costs
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Table 4 Cost of healthcare resource utilisation in control and intervention group patients at baseline and at 6-month

follow-up
Outcome measures Control Intervention p value
Baseline 6-month Difference® Baseline 6-month follow-up Difference”
(6 months pre- follow-up (6 months pre-
study) study)
n=161* n=161* n=169* n=169%
(48.8%) (48.8%) (51.2%) (51.2%)
Cost of unplanned 83,483 65,853 64,873 43,425
hospital admissions?
(total)
Mean +SD 5185414380 409.0+£1446.6 109.54+2027.7 3839412241 257.0+£979.9 12694 1453.7 0.3059
h
Median [IQR] 0 [0-0] 0[0-0] 01[0-0] 0[0-0] 0[0-0] 0[0-0] 822
Cost of A&E 6525 8265 6235 5365
attendances® (total)
Mean+SD 40.5+86.1 513+1128 —108+127.2 3694776 3171642 524865 0.3269
h
Median [IQR] 0[0-0) 0[0-0) 0[0-0) 0[0-0] 0[0-0] 0[0-0] 0539
Cost of face-to-face con- 21,865 21,101 21,752 19,361
sultations in General
practice® (total)
Mean+SD 1358+£102.2 131.1+£106.2 48+111.7 128.7£101.2 114.6+94.1 14241034 0.5119
h
Median [IQR] 112 [66-186] 108 [56-182] 10 [~ 56-56) 108 [46-200] 87 [36-174] 10 [~ 40-72) 8-22;
Cost of telephone con- 4919.0 4916.0 5262.0 3564.5
sultations in general
practice? (total)
Mean=£SD 3064524 3054478 00+436 31.14+474 21.14+320 100385 06199
h
Median [IQR] 180 0.0-36.0] 180[00-398]  00[-180-168]  180[00-525]  7.5[00-280] 00[00-19.5) 5860791
Cost of total general 26,784.0 26,017.0 27,0140 22,9255
practice consultation
(total)
Mean+£SD 1664+130.3 16161311 4841278 1598+ 1258 135.74+106 24241157 0.5519
h
Median [IQR] 138.0[73.0-218.0] 133.0[72.0-222.0] 10.0 [— 59.0-65.5] 136.0 [56.0-236.5] 107.5[52.0-200.0] 15.0 [— 43.5-90.0] 8?913'
Cost of outpatient visits® 72,480 72,480 77,920 68,800
(total)
Mean +SD 450.2+£4659 4502 +467.2 0.0£360.9 461.1£496.8 407.1+£488.8 540441857 0.9349
h
Median [IQR] 320 [160-640] 320 [0-640] 0~ 160-160] 320[160-640] 320 [0-640] 0= 160-320] 8%2
Total healthcare 189,272 172,615 176,042 145,184
resource utilisation
costf (total)
Mean+SD 11756+£1619.3 1072.1£1635.0 103.5+£2104.6 1041.7 £1446.7 859.1+12352 1826+ 1579.2 0.2769
h
Median [IOR] 552[313.5-1251.0]  572[2080-1168.3] 21.0 [— 267.5-4165] 618[2790-11240] 477[2323-9273] 955 [— 2418-472.0] gfgf,

Bold values denote statistical significance at the p < 0.05 level

*From 356 patients, 14 patients’ healthcare resource utilisation data were not available, seven patients were deceased, five patients had 20 or more days of length of
stay at baseline or 6-month follow-up

# Calculated as utilisation at baseline minus utilisation at end of study

@ Cost of non-elective inpatient stay (short stay) i.e. 1-2 days £608, 3-6 days £3079, non-elective excess bed day (long stay more than 6 days, attracted cost for every

day over of £437)

b A&E attendances £145

€ GP £36, Pharmacist £15, nurse practitioner £10

4 GP£18, pharmacist £7.5, nurse practitioner £5

€ Outpatient visit £160

f Al healthcare resource utilisation cost including intervention cost. The 1st, 2nd, 3rd appointment costs were £15, £8.5 and £7.5

9 Wilcoxon signed rank test (within control group, between baseline and 6-month follow-up),

P Wilcoxon signed rank test (within intervention group, between baseline and 6-month follow-up)

I Mann-Whitney U test (between control vs intervention for the cost difference from baseline).
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and the relatively low sample size, however, meant that
these cost reductions were not statistically significant.
The results from the cost utility analysis identified the
practice-based pharmacist intervention as the domi-
nant strategy, i.e. positive impact on quality of life (mean
incremental QALY of 0.024) and reduced overall costs
(£229). These data are similar in form to those obtained
in an outpatient clinic-based study that demonstrated
a pharmacy-led management programme for Chronic
Obstructive Pulmonary Disease (COPD) patients as the
dominant strategy with a gain in QALYS of 0.065 and a
cost saving of £671.59 per patient [68].

The present study had a number of limitations. Firstly,
the sample size was smaller than planned; the number
of patients lost to follow-up was also higher than antici-
pated, thus reducing the statistical power of the study.
Face-to-face pharmacist follow-up at 2 and 4 months
formed the intervention schedule in the present research.
This intervention schedule was considered burden-
some by some patients and may have influenced the
lack of attendance at scheduled follow-up sessions and/
or patient withdrawal. A further limitation was the like-
lihood that patients who were normally housebound did
not join the study. Such patients are often multimor-
bid, receive polypharmacy and could potentially ben-
efit more from medicines optimisation than their more
mobile peers. The MRPs analysis was carried out only
for patients who had three pharmacist visits. Deceased
patients were excluded from the healthcare resource
utilisation aspect of the research, and therefore the lat-
ter was not a pure ITT analysis. A relatively short time
of follow-up (6 months after the first intervention) was
another limitation of this study. It may take longer for
the decrease in MRPs and improved medication appro-
priateness to have an impact on the healthcare utilisation
outcome measures used, particularly unplanned hospital
admissions. Finally, data on GP out-of-hours consulta-
tions were not captured as part of the study.

Conclusion

It can be concluded that the practice-based pharma-
cist service in UK to adult patients who were at risk of
MRPs was an effective intervention for reducing MRPs,
inappropriateness of medications and the number of tele-
phone consultations in general practice. There were posi-
tive trends in the data regarding the impact on healthcare
utilisation outcomes, but in general these did not reach
statistical significance (p <0.05) within the 6-month fol-
low-up period in intervention patients when compared
with control patients. The results from the cost utility
analysis suggest that this service is cost effective, and that
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improved health-related quality of life was achieved in
intervention patients at an overall reduced cost.
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