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Abstract: Clinical pharmacy services often comprise complex interventions. In this MiniReview, we conducted a systematic
review aiming to evaluate the impact of multifaceted pharmacist-led interventions in a hospital setting. We searched MEDLINE,
Embase, Cochrane Library and CINAHL for peer-reviewed articles published from 2006 to 1 March 2018. Controlled trials con-
cerning hospitalized patients in any setting receiving patient-related multifaceted pharmacist-led interventions were considered.
All types of outcome were accepted. Inclusion and data extraction were performed. Study characteristics were collected, and risk
of bias assessment was conducted utilizing the Cochrane Risk of Bias tools. All stages were conducted by at least two indepen-
dent reviewers. The review was registered in PROSPERO (CRD42017075808). A total of 11,896 publications were identified,
and 28 publications were included. Of these, 17 were conducted in Europe. Six of the included publications were multi-centre
studies, and 16 were randomized trials. Usual care was the comparator. Significant results on quality of medication use were
reported as positive in eleven studies (n = 18; 61%) and negative in one (n = 18, 6%). Hospital visits were reduced significantly
in seven studies (n = 16; 44%). Four studies (n = 12; 33%) reported a positive significant effect on either length of stay or time
to revisit, and one study reported a negative effect (n = 12; 6%). All studies investigating mortality (n = 6), patient-reported out-
come (n = 7) and cost-effectiveness (n = 1) showed no significant results. This MiniReview indicates that multifaceted pharma-
cist-led interventions in a hospital setting may improve the quality of medication use and reduce hospital visits and length of

stay, while no effect was seen on mortality, patient-reported outcome and cost-effectiveness.

Medication errors, inappropriate medication use and patient-
experienced drug-related problems can lead to adverse drug
events and result in increased morbidity, mortality and costs [1—
6]. The risk of adverse drug events increases with insufficient
pharmacological knowledge of healthcare professionals, docu-
mentation errors in patient records and limited pharmacy service
in the clinic [3]. To mitigate this, clinical pharmacy services tar-
geting different situations in the hospital setting have been
developed and evaluated during the last decades [7-20].

The objective for most clinical pharmacy services is to
ensure optimal and rational use of drugs for the benefit of
patients and society by cooperation between pharmacist, other
health professionals and the patient [21]. At the patient level,
pharmacist-led interventions in hospitals have been summa-
rized in recent systematic reviews and meta-analyses investi-
gating the effect on clinical outcome [7-11,13-19], economic
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outcome [10-12,22] and patient-reported outcome
[8,10,11,20]. Some of the reviews focused solely on medica-
tion reconciliation [12,17-19] and some on medication review
[8,9,11,13,14]. Several of these reviews, however, failed to
identify statistically or clinically relevant effect sizes, in partic-
ular those focusing on clinical outcome [7,9,13,14,18]. One
explanation might be that evaluation of clinical pharmacy ser-
vices is particularly challenging, as it often aims at changing
behaviour and comprise complex interventions, which may act
independently or interdependently [5,7,10,15,16,23,24]. These
multifaceted interventions can consist of many single compo-
nents, for example medication review, patient counselling and
communication to primary care. The previous reviews have
generally focused on a certain type of intervention and
included both single and multifaceted interventions. To our
knowledge, no previous systematic review has specifically
focused on solely multifaceted pharmacist-led interventions.
We therefore aimed to evaluate the impact of multifaceted
pharmacist-led interventions in a hospital setting by perform-
ing a systematic review. Specifically, the study objectives
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were how multifaceted pharmacist-led interventions are associ-
ated with (i) various outcome of care including quality of
medication use, mortality and health services use; (ii) patient-
reported satisfaction and health-related quality of life; and (iii)
cost savings and cost-effectiveness.

Materials and Methods

The study was conducted utilizing the Preferred Reporting Items for
Systematic Reviews and Meta-Analyses (PRISMA) guidelines [25].
The review was registered in PROSPERO (CRD42017075808).

Study eligibility criteria. In this MiniReview, we decided to define
multifaceted intervention based on the number and type of component
in the intervention, while not distinguishing time of intervention in
relation to the patient treatment flow, as the latter information is
difficult to collect and compare across studies. By studying the aim of
the components in pharmacist-led interventions in hospital setting,
four categories of type of components were described: (i) medication
history and reconciliation (identifying the most accurate list of
medication a patient is taking), (ii) medication review and
communication of relevant clinical recommendations to hospital care
team (structured critical review of each drug taken by the patient with
the objective of optimizing the impact of medicines and prevent
adverse drug events), (iii) patient counselling and education (education
on newly started medicines or counselling according to the needs of
the patient) and IV) discharge report and communication to primary
health care (structured medication report sent to the general
practitioner, community pharmacy or municipal nurses at discharge
with a description of current medication and any medicine adjustments
made during hospitalization). Publications were included in the review
if they included at least three of the four mentioned categories. This
decision was based on the wish to include publications with as many
interacting components as possible.
Publications were included if they:

1 Concerned hospitalized patients;

2 Described a patient-related multifaceted intervention delivered by
clinical pharmacist and/or pharmacy technician (including pharma-
conomist). It was required that the patients’ entire medication regi-
men was considered and that the intervention was conducted during
the hospital stay. An intervention focusing on a specific disease area
or drug type was included if the entire medication regimen was con-
sidered;

3 Described original research;

4 Were published in English, Danish, Norwegian or Swedish;

5 Were controlled studies (randomized trials at patient-level, cluster-
randomized trials and quasi-experimental trials).

Publications were excluded if they:

1 Described an intervention performed exclusively by pharmacy
students;

2 Concerned outpatients and patients seen in the emergency depart-
ment but not admitted;

3 Described interventions conducted after discharge;

4 Were published as conference abstracts.

All types of outcome were accepted and divided into three cate-
gories: (i) outcome of care, for example quality of medication use,
mortality and health services use; (ii) patient-reported outcome, for
example satisfaction and health-related quality of life (HRQL); and
(iii) health economic outcome, for example cost savings and cost-
effectiveness.

Search strategy. The literature search was performed by a medical
librarian assisted by the authors. The electronic databases MEDLINE,
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Embase, Cochrane Library and CINAHL were searched for literature.
The databases were searched for literature from 1 January 2006 to 2
November 2016 to include only recent information. An additional
search in MEDLINE and Embase was performed subsequently to
include articles published from 2 November 2016 to 1 March 2018.
The full search strategy is described in Appendix S1. Additional
literature was also searched by reviewing previous systematic reviews.

Data collection and analysis. A medical student and a nurse with a
Master’s degree in health science independently screened all titles and
abstracts for potentially relevant articles under the supervision of a
research pharmacist (HS). Afterwards, two research pharmacists (HS
and CL) independently screened the full text of all potential articles
for inclusion. Disagreements between the two reviewers were
discussed, and consensus was achieved. The Covidence software
(Veritas Health Innovation, Melbourne, Australia; www.covidence.org)
was used as screening tool [26].

A research pharmacist (HS) and a nurse with a Master’s degree in
health science independently extracted data for all included articles.
Two types of checklists were designed for those aspects: (i) character-
istics of included studies and (ii) risk of bias assessment. Information
was sought in the method and result sections. If the study referred to a
previously published article, data were extracted from this. Disagree-
ments between the two reviewers were discussed, and consensus was
achieved. The following data were extracted: study characteristics (first
author name, publication year, country, type of controlled study and
setting); patient characteristics (type of included patients, number of
included patients in intervention group and control group, distribution
of sex and age at baseline); intervention characteristics (components of
pharmacist-led intervention, time of intervention, profession, experi-
ence and number of providers of intervention); and outcome character-
istics (follow-up time, primary outcome and secondary outcome as
stated by the authors).

We used a tailored version of Cochrane Risk of Bias [27] and risk
of bias criteria developed by Cochrane Effective Practice and Organi-
sation of Care (EPOC) [28]. Scores of low, high or unclear risk of
bias were allocated to each included article according to the parame-
ters: selection bias (random sequence generation, allocation conceal-
ment, representativeness and baseline imbalance); performance bias
(blinding of patient and providers of intervention and usual care, time
as potential modifier and contamination bias); detection bias (blinding
of assessor of outcome and statistician); attrition bias (power to detect
a difference and incomplete outcome data); and reporting bias (selec-
tive outcome reporting). The score allocation is described in detail in
Appendix S2. A global risk of bias was calculated for each article
according to the percentage of ‘Low risk’ score.

Results were summarized for each type of outcome. If a study used
adjusted analysis, this measure was prioritized to be presented.

Results

Study selection is presented in fig. 1. In total, 11,896 publica-
tions were imported, 544 full texts were read, and 28 publica-
tions [29-56] were included in the analysis.

Characteristics.

The characteristics of the included publications are presented
in table 1. Some of the publications referred to the same study
protocol: Alassaad 2014 [30] and Gillespie 2013 [40] referred
to Gillespie 2009 [41]; Scullin 2007 [51] and Burnett 2009
[36] referred to a study by McElnay er al. [57]; Farley 2014
[38], Farris 2014 [39] and Israel 2013 [44] referred to a study
protocol by Carter er al. [58]; and Wallerstedt 2012 [54]
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Included references

Fig. 1. Flow chart of study selection

referred to Bladh 2011 [35]. However, these studies are pre-
sented independently in table 1 as outcome and numbers of
participants vary.

The included studies were conducted in eight countries in
Europe, North America and Australasia, most frequently in
Sweden with nine studies and in the United States with eight
studies. A randomized, controlled design was applied for 16
of the studies and multi-centre for six of the studies. The set-
ting of the majority of the studies was internal medicine
wards/units. For all 28 studies, usual care was the comparator.
The number of included patients in either intervention or con-
trol groups ranged from 20 to 2758 patients. The total amount
of patients in the 28 studies was 18.113 patients. For four
studies, the number of patients in the intervention and control
group was purposefully dissimilar [43,48-50]. All 28 studies
included adults, and the mean age ranged from 58 to
85 years.

The interventions provided appeared similar but differed
in number, type and time of components. The provider of
the interventions was pharmacists in all studies, and for
three studies, a pharmacy technician delivered a part of the
intervention [29,36,50]. There were limited details about the
staff involved in the intervention as well as in the usual
care.

The included studies used different outcome measures to
evaluate the intervention. The most common measures were
medication appropriateness, medication errors, hospital visits
and length of stay. However, a large variety of measures
within the categories were used and within these various tools,
for example medication appropriateness assessed by the Medi-
cation Appropriateness Index (MAI), Beers criteria, Assessing
Care of Vulnerable Elders (ACOVE) criteria, The Screening
Tool of Older Persons’ Prescription (STOPP) and Screening
Tool to Alerts doctors to Right Treatment (START). A large
part of the described outcome were incomparable measures,
for example quality indicators, assessment of adherence and
complications (table 1). The follow-up time varied from
3 days to 1 year.

Methodological quality.
In table 2, the risk of bias assessment is presented for each
study.

All studies were at high risk of performance bias as the nat-
ure of the intervention meant that blinding of the patients and
staff was not possible. Only one study did clarify blindness of
statistician [41]. For 14 of the studies, power calculations were
performed [29,32-35,37,41,42,46,47,52,53,55,56].
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2 = A E s Impact on various outcome of care.
Y~ RS &g .. . . ..
) 2 ) 8 g .8 Outcome of care has been divided into quality of medication
g g S5 ~ s . PP . ..
3 & £ 23 5= = use (table 3); hospital visits including readmissions, drug-
» 5 828 o0 o Ay .. ..
£ 8 :g) g % § _% 2 related visits and ED visits (table 4); length of stay (LOS) and
- ‘e . .. .
% g/ time to revisits (table 5); and mortality (not shown).
. 4 g E We identified 18 studies of 6943 patients that compared the
g g |E :: 5 E effect of a multifaceted pharmacist-led intervention with those
S & E 2 § g of wusual care on quality of medication use [29—
2 K TR .. "
& 3 %0 g 9 40,42,44,46,52,53,56]. An overall significant positive effect
s @«
= (5 % was reported in eleven studies of 3041 patients (n = 18, 61%)
o . .
5 S g [31,34,36-38,40,42,46,52,53,56] — three on medication error
= o . [5) . . .
= =N B £ 8 5 9 [31,37,38] and seven on medication appropriateness
£° O 5 IS <] .
5o lEsg g g B g [34,36,40,42,52,53,56]. One study of 945 patients (n = 18;
o) © il . . . .
2 =g 6%) reported a negative effect on medication appropriateness
5 558 . é C) - [39]. There was no apparent association between the observed
s €282 |32 z 2 . . L
288 F&‘E 2 g 3 E; z effect and the type of study design. Quality of medication use
S =z = | E £ L =5 . . .
£258 £ _ 22 5 2% was the primary outcome in 14 studies (n = 18)
. o o g 25 [29,31,33,34,36-40,42,44,46,52,56], and relevant power calcu-
2 . w E . . .
g h g El I g o % £z ;;‘ £ 2 lation was performed in eight of these studies (n = 18; 44%)
Esz|es, 82z |24 29,33,34,37,42,46,52,56]
k= S5E|E2s8535825% Eon [29,33,34,37,42,46,52,56].
f“'s Bl - % § sS85 ZE EE Effect on hospital visits either as ED visits, readmissions
5B |ES 2528223 ST o
2828 2 FEwScS2 o 8oz or drug-related hospital visits was investigated in 16 studies
25| w3 EZ55 58 E]
§§ R EE ER- 8 = 2 of 14,607 (table 4) [29,39,41-43,45-53,55,56]. Of these,
E|5 &8¢ gz2222| .. » . ’ :
Sz |25 3583 ZRES|Y g % 8 seven studies of 4866 patients (n = 16; 44%) reported a sig-
< = O . .. .
2 2 g8 nificant positive difference [41,45,46,49,51,55,56]. The
3 2 2z ; & g:" 2 remaining nine studies of 9741 patients reported a non-signif-
S 5 A5 =2 NECH B . .
= 2 o092 = 5 % = icant result [29,39,42,43,47,48,50,52,53]. The follow-up time
£ E%H zZz ngoﬂg ,99,42,45,47,48,50,52,
S s g g-? o & S 5.5 § ; varied between 3 days and 1 year. There was no apparent
& R N = * S E = o e . .
< < 2= Qs gz § =58 § g 88 association between the observed effect and observation time
. - = o = =@ kel . .
N SRR o 8 & - or type of study design. A relevant power calculation was
3 £ a5 g¢e erformed in two studies of 2191 patients (n = 16; 13%)
S s | . . 29885 % p patients (n ; o
= E[w N Ss<E g
s |5 2 CHhz<s g [53,55].
g w32 . .. . . .
2 52, 8 55Z% LOS and time to revisit were investigated by 12 studies of
g 22 2 = 2 .
£ § 22 . — = £ 352 11,519 patients (table 5) [29,31,35,43,45,47-51,53]. Of these,
B PO © 2 =8 . . . .
g °© « - S g s g E % four studies of 3212 patients (n = 12; 33%) reported a statis-
5 % §_§ s o ‘3 tically significant positive effect [45,48,50,51], and one study
5 0 T aw =T . _ . .
25= . IS of 199 patients (n = 12; 8%) reported a negative result [47].
ER=I E25 4= 8 . . .. .
z = o 2 § % § £2 ; Considering only LOS of index admission, three studies of
- - - 3171 patients (n = 12; 25%) showed a positive effect reduc-
e g g .
55§k Tt -% ing LOS on average by 1.4 days [48,50,51]. One study of
gg E g8 'a'g <z 833 patients (n = 2; 50%) reported a reduction in LOS of
S E o = . c- . ..
222, P 3 —g" - E ‘é = the first readmission within 12 months after index admission
E] E} < Rz =} . . . . .
2 2 o E g = -% % [50]. Two studies of 803 patients (n = 4; 50%) investigating
) % Yo the time from index admission to the first revisit showed a
5 P o2 TS S8ERT e . .
- 5 g5 £ EZwn 3 g significant reduction [45,51]. There was no apparent associa-
22 |8 5 3 8 5°T 3 .
S| E 2 EE = %; B = tion between the observed effect and the type of study
[TV =N O o= o = -
£2 o8 S £ 25 2222 i
RN 5% (22555  deien . . o .
a - & 504 g = 2 LOS or time to visit was primary outcome in five studies of
= .
Lz E ) 8 B % § 7344 patients (n = 12; 42%) [43,47,48,50,51]. A relevant
2 g = g - - -
3 |2 .8E 5 5258 £ f, power calculation was performed in one of these studies of
2EZ |gEg 2 & SEESE i =12:
Egs §§§§§ ST; % E‘S-g s 2 199 patients (n = 12; 8%) [47].
mi®es OS2 & g sizg Mortality in a follow-up period of 3-12 months was
ZEEo®°T3 reported as secondary outcome by six studies of 6929 patients
= 82 8 E§& . C e
) a § s Z j 5 g é Z [40,43,51,52,55,56]. None of these studies found a significant
53 |2 =3 - EETS T?; effect, and the average mortality in both groups was 18%.
> N 2 — o & 8 . L.
z 5 j_g glEz 5 ; 8 g i .% N Power calculations were not performed for mortality in any of
g Z€35|2° . ZE£58=52 the six studies.
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Table 5.
Impact on length of stay and time to revisit
Statistically
Author year [References] Type of variable (time), unit Result in days significant'
Alex 2016 [31] LOS of index admission (NA), Not stated 1G: 5.4 (4.8), CG: 5.7 (5.6) ns
Basger 2015 [32] LOS of index admission (NA), mean (S.D.) 1G: 16.7 (8.7), CG: 18.3 (10.5) ns
Bladh 2011 [35] LOS of index admission (NA), median (IQR) IG-ITT: 6 (4-10), IG-PP: 8 (5-10), CG: 6 (4-11) ns
Hellstrom 2012 [43] Time to ED visit (6 months), HR (95% CI) 0.95 (0.86-1.04) ns
LOS of index admission (NA), median (IQR) 1G: 6 (3-11), CG: 6 (3-11) ns
Koehler 2009 [45] LOS of index admission (NA), mean (S.D.) 1G: 6.2 (4.1), CG: 4.7 (3.7) Insufficient
power
Time to revisit (60 days), mean 1G: 36.2, CG: 15.7 Positive
Mortimer 2010 [47] LOS of index admission (NA), mean 1G 0.5, CG 04 Negative
Okere 2016 [48] LOS of index admission (NA), mean (S.D.) 1G: 4.6 (2.1), CG: 5.3 (2.0) Positive
LOS of index admission (NA), mean adjusted 1G: 4.7 (4.2-5.3), CG: 5.5 (5.0-6.0) Positive
(95% CI)
Rafferty 2016 [49] LOS of index admission (NA), mean 1G: 4, CG: 4 ns
Scullin 2007 [51] LOS of index admission (NA), mean (S.D.) 1G: 7.8 (95% CI 7.1-8.6), CG: 9.8 (95% CI 8.8-10.9) Positive
LOS of readmissions (12 months), mean (S.D.) IG: 9.7 (24.3), CG: 13.1 (31.5) ns
Time to readmission (12 months), days 1G: 262, CG: 242 Positive
Scullin 2012 [50] LOS of index admission (NA), mean (S.D.) 1G: 8.1 (4.8), CG: 9.5 (5.5) Positive
LOS of first readmission (12 months), mean 1G: 11.3 (14.9), CG: 17.2 (16.0) Positive
(S.D.)
Surepill 2015 [29] LOS of index admission (NA), median (95% 1G: 8 (6-12), CG: 9 (6-13) ns
CI)
Walker 2009 [53] LOS of index admission (NA), median (range) 1G: 4.0 (1-19), CG: 3.0 (1-18) ns

CI, confidence interval; CG, control group; ED, emergency department; HR, hazard ratio; IG, intervention group; IQR, interquartile range; ns, not

significant; NA, not applicable; S.D., standard deviation.
'As stated by author.

Impact on patient-reported outcome.
The impact of multifaceted pharmacist-led interventions on
patient-reported outcome was investigated by seven studies of
2644 patients [29,32,35,47,52,54,56]. Two studies of 385
patients investigated self-reported satisfaction and reported a
positive experience with the intervention; however, the differ-
ence was not statistically significant [47,52]. Five studies of
2259 patients reported HRQL by use of the questionnaires
EQ-5D and SF-36 [29,32,35,54,56]. None of these scores
showed statistically significant differences between the groups.
Two studies of 1526 patients likewise reported a non-signifi-
cant difference in pain by use of the EQ-VAS score [29,35].
One study of 432 patients indicated a partial positive effect by
reporting a significantly higher self-reported global health
score in the intervention group but not in EQ-5D score [35].
One study of 172 patients reported no significant difference in
number of falls during hospital stay and up to 3-month fol-
low-up [56].

Of the seven studies, two studies of 648 patients performed
a power calculation [32,35]. These studies showed a non-sig-
nificant result.

Impact on economic outcome.

Economic outcome was investigated by four studies. Of these,
three studies of 2806 patients reported a reduction in cost of
hospital care by calculating the saved LOS of readmissions
against the cost of pharmacy staff; however, they did not per-
form a statistical analysis [41,49,50].

The last study of 345 patients performed a statistical analy-
sis of cost between the groups and also performed a cost-
effectiveness analysis [54]. Both analyses showed a non-sig-
nificant difference.

Discussion

Main study findings.

This systematic MiniReview showed that numerous studies
have investigated pharmacist-led interventions in the hospital
setting of which many investigate different combinations of
interventions. The 28 included publications from mainly Eur-
ope and North America described quite similar intervention
elements but differed in number of intervention components,
time of intervention, study design, observation time and type
of outcome.

A positive significant impact on quality of medication use
was reported in eleven studies of 3041 patients (n = 18; 61%)
and a significant negative result in one study of 945 patients
(n =18; 6%). The remaining six studies of 2957 patients
(n = 18; 33%) showed non-significant results. Hospital visits
were reduced significantly in seven studies of 4866 patients
(n = 16; 44%), and the remaining nine studies of 9741
patients (n = 16; 56%) reported non-significant results. Four
studies of 3212 patients (n = 12; 33%) reported a positive sig-
nificant result on either LOS or time to revisit, and one study
of 199 patients (n = 12; 8%) reported a significantly negative
result. The remaining seven studies reported non-significant
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results. Mortality was reported by six studies of 6929 patients,
and none of these found a statistically significant difference
between groups. Patient-reported outcome was investigated by
seven studies of 2644 patients of which one study of 432
(n = 7; 14%) reported a partial significant effect, which was
positive. The remaining six studies reported non-significant
results. Of the four studies of 3151 patients investigating eco-
nomic outcome, one study performed a statistical analysis
showing a non-significant result.

Quality of evidence.

The assessment of risk of bias was made difficult due to inad-
equate reporting, for example lack in reporting of blinding of
involved project staff and power calculations. Of the included
studies, 50% performed a power calculation. This is consistent
with the finding of a recent literature review showing that the
majority of clinical pharmacy intervention studies needs rele-
vant power calculations if statistically significant differences
are to be detected [59].

The deficiency in methodological quality is also due to the
use of non-optimal study design, especially the high risk of
educational bias in randomized trials, lack of adjusted analysis
if imbalanced baseline exists, and lack of alternative methods
to compensate for not blinding patients and project staff to the
group allocation. In addition, many studies do not describe the
intervention in enough detail, making the assessment difficult.
In this MiniReview, more studies could have been eligible for
inclusion had the intervention been described more clearly.

Outcome in relation to existing systematic reviews.

Recent reviews investigating pharmacist-led interventions have
shown beneficial effects on quality of medication use, includ-
ing medication discrepancies [19] and medication appropriate-
ness [7]. This corresponds well to our findings.

Previous reviews reported no evidence that pharmacist-led
interventions reduce mortality, hospital readmission of all
causes or LOS [8,9,11,13,14]. However, one meta-analysis
found a substantial reduction of all-cause readmission when
investigating the effect of medication reconciliation [18].
Drug-related readmissions and ED contacts were also found to
be reduced [8,9,11,18]. In our review, only one study found a
negative effect on LOS, which could be due to confounding
as stated by the authors [47].

In accordance with our review, medication review was
reported as not having any effect on HRQL in two previous
reviews [8,11]. This could be due to the use of primarily gen-
eric tools for measuring HRQL where sensitivity to medica-
tion-related issues is small. In general, studies investigating
the impact of multifaceted interventions on patient-reported
outcome were very few. As stated in a recent systematic
review, there is a need for instruments measuring medicine-
related experiences from the patients’ perspective [60, 61].

A systematic review investigating economic evaluations of
clinical pharmacist interventions found an overall positive
impact on hospital budgets; however, the quality of the
included studies was limited [22]. The studies in this review

MiniReview

mostly found a positive effect on cost using methods such as
reduced costs from readmissions [41,49] and bed-days [50]
where the cost of the time for the pharmacist-led intervention
was subtracted. Only one study performed a robust cost-effec-
tiveness analysis, which did not find a significant effect [54].

Various outcome was measured in the included publications
in this review, both generic and incomparable measures made
specifically for each study. Combining this with the different
time periods, elements of interventions, study designs and
inclusion criteria make comparison between the studies com-
plicated. The results of this review confirm the need for more
standardized outcome measures to quantify the effects of clini-
cal pharmacy interventions [62]. Similarly, this is in agreement
with a recent systematic review summarizing all end-points
used in clinical pharmacy intervention studies [59]. Of the
listed 135 end-points, 107 (79%) were only used in one study,
indicating a need for a more consistent planning of studies of
pharmacist-led interventions.

Process evaluation.

Evaluation of the process is important to keep in mind when
measuring the effect of clinical pharmacy interventions. Most
pharmacist-led interventions are heavily dependent on physi-
cians to implement the interventions (medication change). This
often makes the proportion of patients receiving the actual
intervention smaller than the included patients in the interven-
tion group. Hence, there are a number of problems with mea-
suring the effects of multifaceted pharmacist-led interventions,
such as standardizing the intervention, lower statistical power
and difficulty in isolating the intervention from other care
activities. Furthermore, the intervention might be adapted dur-
ing the study due to the nature of the intervention.

Multifaceted versus single intervention.

This systematic review focused solely on multifaceted pharma-
cist-led interventions. Previous systematic reviews have not dif-
ferentiated between studies investigating multifaceted
components and single component, but included all studies
investigating the intervention element relevant to their review.
Therefore, several of the studies included in this review have
also been included in systematic reviews focusing solely on, for
example, medication reconciliation [12,18,19] or medication
review [8,9,11,13]. Before conducting this systematic review,
we assumed there would be a greater effect when studies with a
single or a few components were discarded. Our results showed
more studies with significant positive effects on quality of medi-
cation use, hospital visits and LOS. However, it is not known
which part of the components is responsible. Much research is
required to definitively answer if multifaceted intervention is
more effective than single-faceted intervention.

Limitations.

The types of statistical analyses used in the included studies
were not systematically collected, which is important for inter-
pretation of the results. Likewise, information on whether or
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not electronic health records and electronic records of current
medication were available was not collected — and whether or
not this information was shared with primary care. This could
limit the comparability of the studies.

Some of the included studies referred to the same study pro-
tocol but investigated different outcome. If this is taken into
account, the 28 studies will be reduced to 22 studies. Further-
more, four of the included studies did not share study protocol
but were both a part of the same main study at the same hos-
pital. This will reduce the number of studies to 19. This over-
representation of some of the studies might have inflated or
over-represented some of the results.

It was decided to include both primary outcome and sec-
ondary outcome and not take into account whether a power cal-
culation was performed. The question is whether the proportion
of significant results would have been increased if only out-
come with relevant power calculations was collected? For stud-
ies measuring hospital visits, LOS/time to revisit, mortality,
patient-reported outcome and economic outcome, there was a
lack of power calculations and the question cannot be
answered. For studies measuring quality of medication use, the
proportion of significant results did not change if only studies
with relevant power calculations were taken into account.

Conclusion

This systematic review showed that multifaceted pharmacist-
led interventions in a hospital setting may improve the quality
of medication use and reduce hospital visits, length of stay
and time to revisit. No statistically significant effects were
observed on mortality, patient-reported outcome and economic
measures.

This review indicates that research of higher quality is
needed, including relevant power calculation, more standard-
ized outcome measures, targeted patient-reported outcome
measures and process evaluation to better understand the
effects of pharmacist-led interventions.
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