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AIMS
The aim of this meta-analysis is to examine the impact of in-hospital pharmacist-led medication reviews in paediatric and adult
patients.

METHODS
Relevant studies were identified from the Medline and Cochrane Library databases. Studies were included if they met the
following criteria (without any language or date restrictions): design: randomized controlled trial; intervention: in-hospital
pharmacist-led medication review (experimental group) vs. usual care (control group); participants: paediatric or adult popula-
tion. The primary outcome was all-cause readmissions and/or emergency department (ED) visits at different time points. The
secondary outcomes were all-cause readmissions, all-cause ED visits, drug-related readmissions, mortality, length of hospital stay,
adherence and quality of life. We calculated the relative risk (RR) or mean differences (MD) with 95% confidence intervals (CIs) for
each study. We used fixed and/or random effects models. Heterogeneity was assessed using the I2 statistic.

RESULTS
We systematically reviewed 19 randomized controlled trials (4805 participants). The readmission rates did not differ between the
experimental group and the control group (RR = 0.97, 95% CI 0.89; 1.05, p = 0.470). The secondary outcomes did not differ
between the two groups, except for in drug-related readmissions, which were lower in the experimental group (RR = 0.25, 95%CI
0.14; 0.45, p < 0.001), and all-cause ED visits (RR = 0.70, 95% CI 0.59; 0.85 p = 0.001).

CONCLUSION
The low-quality evidence in this analysis suggests an impact of pharmacist-led medication reviews on drug-related readmissions
and all-cause ED visits. Few studies reported on adherence and quality of life. More high-quality randomized clinical trials are
needed to assess the impact of pharmacist-led medication reviews on patient-relevant outcomes, including adherence and quality
of life.
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WHAT IS ALREADY KNOWN ABOUT THIS SUBJECT
• Pharmacist-led medication reconciliation interventions are an effective strategy to reduce medication discrepancies, and
have a greater impact when conducted at either hospital admission or discharge. However, pharmacist-led medication
reviews at hospital settings programmes have not shown great interest in the use of post-hospital healthcare.

WHAT THIS STUDY ADDS
• In this article, we further explore the clinical impact of pharmacist-ledmedication review at the hospital setting.We show
that pharmacist-led medication reviews have an impact on drug-related readmission, all-cause ED visits and adherence.
We also show the quality and strength of evidence from these studies is low.

Introduction

Early hospital readmission of patients discharged from hospi-
tal are a public health problem. The ENEIS 2 study reported
that the number of hospital admissions caused by prevent-
able serious adverse drug events (ADEs) represented 1.3% of
hospital admissions in France in 2009 [1]. Medication reviews
are considered a key element in improving the quality of pre-
scriptions and in preventing ADEs among hospitalized pa-
tients [2]. A medication review is ‘a structured, critical
examination of a patient’s medicines with the objective of
reaching an agreement with the patient about treatment,
optimising the impact of medicines, minimising the
number of medication-related problems and reducing
waste’ [3]. When performed by pharmacists, this process is
called a pharmacist-led medication review. Pharmacist-led
medication reviews have been widely introduced in hospitals
based on three types of interventions: (i) prescription review
(type 1), (ii) adherence review (AR) (type 2) and (iii) clinical
medication review (CMR) (type 3).

However, the impact of in-hospital pharmacist-led medi-
cation reviews has not been clearly demonstrated. To our
knowledge, four meta-analyses have studied the impact of
hospital pharmacist-led medication reviews [4–7], but they
did not explore several outcomes of clinical importance
(i.e., all-cause readmission, emergency department visits,
drug-related readmissions, all-cause mortality, length of hos-
pital stay, adherence and quality of life). Moreover, they var-
ied in terms of the location of the intervention (hospital
and community settings) [5, 6]. The primary outcomes also
varied, including reducing drug-related problems, adverse
drug reactions, and hospital readmissions and improving
the appropriateness of medications. No studies to date have
been sufficiently broad to test whether this type of interven-
tion can reduce mortality, and although many studies have
measured quality of life, this is rarely a primary outcome. Fur-
thermore, the various analyses did not take into account the
different timing of endpoints used to calculate the hospital
readmission rates [4–7]. Indeed, such studies usually consid-
ered hospital readmissions at various time points (i.e., 30
days, 60 days, 6 months or 1 year) a common outcome. This
could be very problematic, as the causes of readmissions
may strongly differ according to these time points. Finally,
some meta-analyses have included randomized controlled
trials (RCTs) and non-RCTs [4].

The aim of the present review is to evaluate the impact of
in-hospital pharmacist-led medication reviews on clinical
outcomes at different time points.

Methods

Searching strategy
This meta-analysis was based on the Preferred Reporting
Items for Systematic Reviews and Meta-Analysis (PRISMA)
criteria [8]. To identify relevant studies, we reviewed the fol-
lowing databases: Medline (from January 1990 to December
2015) and the Cochrane Library (from January 1990 to
December 2015). A specific search strategy was developed
based on a broad range of indexed terms and medical subject
headings (i.e., medication reconciliation, medication therapy
management, pharmaceutical services, drug therapy, drug
utilization, patient education as topic, medication adher-
ence, medication errors, patient medication knowledge, hos-
pital, patient discharge, emergency medical services,
hospitalization, ambulatory care, pharmacies, pharmacists
and pharmacy). The algorithm used is listed in Appendices
S1 and S2. Furthermore, the ProQuest dissertations and the-
ses full-text database was used to identify unpublished disser-
tations. The references of the included studies were examined
to search for additional trials.

Selecting studies
Studies were included if they met the following criteria: de-
sign: RCT; intervention: pharmacist-led medication review
in a hospital (experimental group) vs. usual care (control
group); participants: adult or paediatric participants; out-
comes: evaluation of the selected outcomes based on a vali-
dated measure; and language: French or English. Because
prescription review (type1) isusually considereda component
of pharmacists’ routine practice in dispensing medications,
this service was considered the usual care or control group.

The interventions had to be principally delivered by a
pharmacist. The pharmacist-led medication reviews were cat-
egorized by type based on objective descriptions (see Table 1).

Manuscripts that met the following criteria were ex-
cluded: reports of qualitative data only, user-satisfaction
surveys, conference presentations, opinion pieces, letters,
non-RCTs, and interventions delivered principally by a
community pharmacist. Interventions that were delivered
by combinations of health professionals (e.g., physicians,
nurses) in which the pharmacist was only partly involved
were also excluded.

Outcome measures
The primary outcome was all-cause readmissions and/or ED
visits, i.e., the number of hospitalized patients regardless of
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the cause of hospitalization and the number of non-
hospitalized patients who visited an emergency department.
The secondary outcomes were all-cause readmissions (the
number of hospitalized patients regardless of the cause of
hospitalization), all-cause ED visits (the number of non-
hospitalized patients who visited an emergency department),
drug-related readmissions, all-cause mortality, length of hos-
pital stay, adherence and quality of life.

Selection of studies and data extraction
Two authors (PR and SH) screened the titles and abstracts of
the database records, retrieved full texts to assess their eligi-
bility and independently checked the full-text records for
eligibility. Disagreements were resolved by consensus. The
manuscripts of the studies were then independently reviewed
by two of the authors (PR and SH). The following data were
independently extracted into a standard electronic form: first
author name, date of publication, country, design, sample
size, number of patients, mean age, type of pharmacist-led
medication review, follow-up after discharge, readmission
rate collection, intervention details, all-cause readmissions
and/or ED visits, all-cause readmissions, all-cause ED visits,
drug-related readmissions, all-cause mortality, length of hos-
pital stay, adherence and quality of life. We developed a data
extraction form (based on the Cochrane Consumers and
Communication Review Group’s data extraction template),
pilot-tested it on ten randomly-selected included studies,
and refined it accordingly [9]. Data extraction was performed
based on the intention-to-treat (ITT) principle. For all events,
we considered the shortest available follow-up period because
the impact of pharmacist-led medication reviews is probably

the most substantial during the first 30 days following dis-
charge. After this period, external factors can become pre-
dominant, and readmissions could thus be more influenced
by these external factors than by pharmacist-led medication
reviews. Any discrepancies were resolved by consensus with
a third reviewer (LB).

Assessing the methodological quality of
included studies
The methodological quality of the included studies was
assessed independently by two authors (PR and SH). Any dis-
crepancies were resolved by consensus with a third reviewer
(LB). We used indicators of internal validity from the
Cochrane Risk of Bias Tool [10]. The risk of selection bias
was assessed at the study level (sequence generation, alloca-
tion sequence concealment), the risk of performance bias at
the comparison level (i.e., blinding of participants and per-
sonnel), and the risk of detection bias as well as attrition bias
at the outcome level (blinding of outcome assessors, han-
dling of incomplete outcome data). The studies’ risk of bias
was then qualified as low, unclear or high.

Statistical analysis
All-cause readmissions and/or ED visit rates, all-cause read-
mission rates, all-cause ED visit rates, drug-related readmis-
sion rates and all-cause mortality rates were analysed using
relative risks (RRs), defined as the ratio of the probability of
an event occurring between two groups.

The mean length of hospital stay was analysed using the
mean difference (MD) with 95% confidence intervals (CIs)
for each study. We used fixed effects [11] and random effects

Table 1
Description of the types of medication review led by pharmacists

Type
Name
of service Definition/Objective Possible intervention provided

1 Prescription review Definition: addresses issues related to patient
prescriptions or medications.
Objective: to address the technical issues related to a patient’s
prescriptions such as anomalies or changed items.

✓ Drug interactions

✓ Side effects

✓ Dosage

✓ Drug availability

2 Adherence review Definition: a comprehensive and systematic
evaluation of patient’s understanding of
and adherence to prescribed medication treatment.
Objective: to improve understanding and adherence to
prescribed medication treatment: identify and address
factors linked to non-adherent behaviours as well
as minimize pharmaceutical waste.

✓ Medication review of drug adherence

✓ Therapeutic education

○ Therapeutic goals

○ Management of adverse events

3 Clinical medication review Definition: a systematic and patient-centred clinical
assessment of all medicines currently taken by a patient.
Objective: to identify, resolve and prevent medication-related
problems as well as optimize the effectiveness
of medication treatment.

✓ Medication reconciliation

✓ Treatment review (dosages, drug interactions,
side effects and therapeutic objectives, etc.)

✓ Pharmaceutical interventions

✓ Multidisciplinary revision of drug prescriptions

✓ Medication liaison service

▪ Comprehensive medication history,

▪ Discharge letter faxed to general
practitioner and community pharmacist,

▪ Discharge counselling
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models [12], which account for the between-study heteroge-
neity by weighting studies similarly. Heterogeneity was
assessed using the I2 statistic, which represents the percent-
age of variance due to between-study factors rather than to
sampling error [13]. We considered values of I2 > 50% as in-
dicative of large heterogeneity [14]. We used funnel plots
(i.e., plots of effect estimates against sample size) to estimate
the risk of bias: an asymmetry in these plots may indicate
publication bias in the meta-analysis [15]. The robustness of
the findings was investigated using the following sensitivity
analyses when possible: (i) the use of random effects
methods, (ii) risk of bias [10], (iii) follow-up after discharge,
(iv) medication reconciliation, (v) treatment review, (vi) med-
ication service liaison, (vii) full MR and (viii) CMR or AR.
Analyses were performed with RevMan software version 5.3.

Results

Search results and study characteristics
In total, 303 titles were identified in the MEDLINE and
Cochrane Library databases and in the search for additional
references. After removing duplicates, 239 studies were iden-
tified. After reading the titles and abstracts, 159 studies were

excluded according to the inclusion and exclusion criteria.
After reading the full studies, we selected 19 randomized con-
trolled studies. Details on the article locations and the studies
included/excluded from the systematic review are shown in
Figure 1. The characteristics of the included studies are
presented in Table 1.

One of the studies was conducted in a paediatric popula-
tion [16], and the others were conducted with adults. The
average age of the adults was between 58.6 and 87.6 years,
with the proportion of men ranging from 23% to over 70%
(see Table 2).

All interventions were performed by a hospital pharma-
cist working directly in the care units (n = 19); 15 studies con-
cerned clinical medication review (CMR, type 3) and four
concerned adherence review (AR, type 2) (n = 4). In the
studies assessing CMRs, the pharmacists delivered various
interventions: medication reconciliation (n = 9), treatment
review (n = 9) and medication liaison services (n = 9). Nine
studies included a follow-up after hospital discharge (five for
CMR and four for AR).

Methodological quality of included studies
Table 3 summarizes the assessments of the risk of bias. All 19
trials were at high risk of performance bias because the nature

Figure 1
Systematic review inclusion and exclusion flowchart

Pharmacist-led medication reviews and hospital readmissions

Br J Clin Pharmacol (2016) 82 1660–1673 1663



Ta
b
le

2
C
h
ar
ac
te
ris
ti
cs

of
in
cl
ud

ed
st
ud

ie
s

St
u
d
y

a
u
th

o
r

C
o
u
n
tr
y

D
es

ig
n

N
o
.

o
f
p
a
ti
en

ts
M
ea

n
a
g
e,

ye
a
rs

% m
a
le

T
yp

e
o
f

m
ed

ic
a
ti
o
n

re
vi
e
w

Fo
ll
o
w
-u

p
af

te
r
d
is
ch

a
rg

e
O
u
tc

o
m

es
R
es

u
lt
s

R
ea

d
m

is
si
o
n

ra
te

s
co

ll
ec

ti
o
n

In
te

rv
en

ti
o
n
a

B
la
d
h
[4
2]

Sw
ed

en
RC

T
34

5
82

39
%

C
M
R

N
o

Q
ua

lit
y
of

lif
e
(E
Q
-5
D
)

Q
ua

lit
y
of

lif
e
(H

RQ
oL

)
Le

n
gt
h
of

st
ay

I=
C

I=
C

I=
C

M
ed

ic
at
io
n
se
rv
ic
e
lia
is
o
n

M
ul
ti
d
is
ci
p
lin

ar
y
re
vi
si
on

of
dr
ug

pr
es
cr
ip
ti
on

s

B
o
la
s
[4
3]

Ir
el
an

d
RC

T
16

2
74

50
%

C
M
R

N
o

Re
ad

m
is
si
on

Le
n
gt
h
of

st
ay

I=
C

I=
C

3
m
o
nt
h
s

M
ed

ic
at
io
n
se
rv
ic
e
lia
is
o
n

Fa
rr
is

[1
7]

U
SA

RC
T

94
5

61
C
M
R

Ye
s

Re
ad

m
is
si
on

I=
C

30
da

ys
M
in
im

al
an

d
en

ha
n
ce

d
gr
ou

p:

–
M
ed

ic
at
io
n
re
co

nc
ili
at
io
n
,

M
ed

ic
at
io
n
se
rv
ic
e
lia
is
o
n

(m
in
us

fa
xe

d
ca
re

pl
an

)

En
ha

n
ce

d
gr
ou

p:

–
Te

le
ph

on
e
ca
ll
3–

5
da

ys
po

st
-d
is
ch

ar
g
e,

–
C
ar
e
pl
an

fa
xe

d
to

pr
im

ar
y

ca
re

ph
ys
ic
ia
n/
co

m
m
u
ni
ty

ph
ar
m
ac

is
t

Fr
a
n
k
en

th
al

[4
4]

Is
ra
el

RC
T

30
6

>
65

35
%

C
M
R

N
o

Re
ad

m
is
si
on

Q
ua

lit
y
of

lif
e
(S
F-
1
2)

I=
C

I=
C

12
m
on

th
s

Tr
ea

tm
en

t
re
vi
ew

M
ul
ti
d
is
ci
p
lin

ar
y
re
vi
si
on

of
dr
ug

pr
es
cr
ip
ti
o
n
s

G
il
le
sp

ie
[2
8]

Sw
ed

en
RC

T
40

0
86

.4
23

%
C
M
R

Ye
s

Re
ad

m
is
si
on

Le
n
gt
h
of

st
ay

I=
C

I=
C

12
m
on

th
s

M
ed

ic
at
io
n
re
co

nc
ili
at
io
n

Tr
ea

tm
en

t
re
vi
ew

M
ed

ic
at
io
n
se
rv
ic
e
lia
is
o
n

Te
le
ph

on
e
fo
llo

w
-u
p
du

ri
ng

2
m
o
nt
h
s.

If
pa

ti
en

t
is
re
-a
dm

it
te
d
to

th
e
ho

sp
it
al
,

ca
n
be

re
in
st
at
ed

on
ce

in
to

th
e

in
te
rv
en

ti
on

al
gr
ou

p

Ja
ra

b
[3
3]

U
K

RC
T

12
7

62
.5

40
%

A
R

N
o

Q
ua

lit
y
of

lif
e
(S
G
RQ

)
A
d
h
er
en

ce
I=

C
I>

C
M
ed

ic
at
io
n
re
vi
ew

of
dr
ug

ad
h
er
en

ce
M
o
ti
va

ti
o
na

li
n
te
rv
ie
w
in
g

D
ru
g
ac

ti
on

pl
an

Th
er
ap

eu
ti
c
ed

uc
at
io
n
pr
og

ra
m
m
e
fo
r
sm

ok
er
s

M
ed

ic
at
io
n
se
rv
ic
e
lia
is
o
n

K
o
eh

le
r
[2
9]

U
SA

RC
T

41
78

25
%

C
M
R

Ye
s

Re
ad

m
is
si
on

Re
ad

m
is
si
on

I>
C

I=
C

30
da

ys
2
m
o
nt
h
s

M
ed

ic
at
io
n
re
co

nc
ili
at
io
n

Tr
ea

tm
en

t
re
vi
ew

M
ed

ic
at
io
n
se
rv
ic
e
lia
is
o
n

Te
le
ph

on
e
fo
llo

w
-u
p
to

5–
7
da

ys

Li
p
to

n
[2
6]

U
SA

RC
T

70
6

74
.6

C
M
R

Ye
s

A
d
h
er
en

ce
Re

ad
m
is
si
on

I>
C

I=
C

3
m
o
nt
h
s

M
ed

ic
at
io
n
re
co

nc
ili
at
io
n

Tr
ea

tm
en

t
re
vi
ew

M
ed

ic
at
io
n
se
rv
ic
e
lia
is
o
n

Te
le
ph

on
e
fo
llo

w
-u
p
at

2–
4
w
ee

ks
an

d
2,

3
an

d
6
m
o
n
th
s.

Li
sb

y
[2
0]

D
en

m
ar
k

RC
T

99
≥7

0
70

%
C
M
R

N
o

Le
n
gt
h
of

st
ay

Re
ad

m
is
si
on

I=
C

I=
C

3
m
o
nt
h
s

M
ed

ic
at
io
n
re
co

nc
ili
at
io
n

Tr
ea

tm
en

t
re
vi
ew

Ph
ar
m
ac

eu
ti
ca
li
n
te
rv
en

ti
on

on
dr
ug

ph
ar
m
ac

ol
og

y

(c
on

tin
ue

s)

P. Renaudin et al.

1664 Br J Clin Pharmacol (2016) 82 1660–1673



Ta
b
le

2
(C

on
tin

ue
d
)

St
u
d
y

a
u
th

o
r

C
o
u
n
tr
y

D
es

ig
n

N
o
.

o
f
p
a
ti
en

ts
M
ea

n
a
g
e,

ye
a
rs

% m
a
le

T
yp

e
o
f

m
ed

ic
a
ti
o
n

re
vi
ew

Fo
ll
o
w
-u

p
a
ft
er

d
is
ch

ar
g
e

O
u
tc
o
m
es

R
es

u
lt
s

R
ea

d
m
is
si
o
n

ra
te

s
co

ll
e
ct
io
n

In
te

rv
en

ti
o
n
a

Li
sb

y
[2
1]

D
en

m
ar
k

RC
T

10
8

80
.5

C
M
R

N
o

Le
n
gt
h
of

st
ay

I=
C

M
ed

ic
at
io
n
re
co

n
ci
lia
ti
o
n

Tr
ea

tm
en

t
re
vi
ew

M
cM

u
ll
in

[4
5]

U
SA

RC
T

25
9

>
61

36
%

C
M
R

N
o

Re
ad

m
is
si
o
n

I=
C

30
da

ys
Pr
es
cr
ip
ti
o
n
re
vi
ew

Ph
ar
m
ac

eu
ti
ca
li
n
te
rv
en

ti
on

on
an

ti
bi
ot
ic
s

M
o
rg

a
d
o
[2
2]

Po
rt
u
ga

l
RC

T
19

7
59

45
%

A
R

N
o

A
d
h
er
en

ce
I>

C
M
ed

ic
at
io
n
re
vi
ew

of
dr
ug

ad
he

re
n
ce

m
o
ti
va

ti
on

al
in
te
rv
ie
w
in
g

D
ru
g
ac

ti
on

pl
an

Th
er
ap

eu
ti
c
ed

uc
at
io
n

N
az

ar
et

h
[1
8]

U
K

RC
T

36
2

84
38

%
A
R

Ye
s

Re
ad

m
is
si
o
n

Re
ad

m
is
si
o
n

I=
C

I=
C

3
m
o
n
th
s

6
m
o
n
th
s

M
ed

ic
at
io
n
re
vi
ew

of
dr
ug

ad
he

re
n
ce

D
ru
g
ac

ti
on

pl
an

Th
er
ap

eu
ti
c
ed

uc
at
io
n

M
ed

ic
at
io
n
se
rv
ic
e
lia
is
o
n

Ph
ar
m
ac

is
t
co

m
m
un

it
y
fo
llo

w
-u
p
at

h
om

e
w
it
h

th
er
ap

eu
ti
c
ed

uc
at
io
n
an

d
re
vi
ew

of
dr
ug

ac
ti
on

pl
an

Sa
d
ik

[2
3]

U
K

RC
T

22
1

58
.6

45
%

C
M
R

N
o

Re
ad

m
is
si
o
n

Q
ua

lit
y
of

lif
e
(M

LH
FQ

)
Q
ua

lit
y
of

lif
e

(S
F-
3
6)

I>
C

I>
C

I=
C

12
m
o
nt
h
s

Tr
ea

tm
en

t
re
vi
ew

M
ul
ti
d
is
ci
pl
in
ar
y
re
vi
si
on

of
dr
ug

pr
es
cr
ip
ti
o
n
s

M
ed

ic
at
io
n
se
rv
ic
e
lia
is
o
n

Sc
h
n
ip
p
er

[1
9]

U
SA

RC
T

17
8

59
.2

34
%

A
R

Ye
s

Re
ad

m
is
si
o
n

A
d
h
er
en

ce
I=

C
I=

C
30

da
ys

M
ed

ic
at
io
n
re
vi
ew

of
dr
ug

ad
he

re
n
ce

Th
er
ap

eu
ti
c
ed

uc
at
io
n

Te
le
ph

on
e
fo
llo

w
-u
p
to

3–
5
da

ys

Sc
u
ll
in

[2
7]

N
o
rt
h
Ir
el
an

d
RC

T
76

2
71

.3
55

%
C
M
R

N
o

Le
n
gt
h
of

st
ay

Re
ad

m
is
si
o
n

I>
C

I>
C

30
da

ys
(a
nd

ea
ch

m
o
n
th

un
ti
l

12
m
o
nt
h
s)

M
ed

ic
at
io
n
re
co

n
ci
lia
ti
o
n

M
ed

ic
at
io
n
se
rv
ic
e
lia
is
o
n

Sp
in
ew

in
e
[2
4]

Be
lg
iu
m

RC
T

18
6

82
.4

28
%

C
M
R

N
o

Re
ad

m
is
si
o
n

I=
C

12
m
o
nt
h
s

M
ed

ic
at
io
n
re
co

n
ci
lia
ti
o
n

M
ed

ic
at
io
n
se
rv
ic
e
lia
is
o
n

St
o
w
a
ss
er

[2
5]

A
us
tr
al
ia

RC
T

C
M
R

N
o

Re
ad

m
is
si
o
n

Le
n
gt
h
of

st
ay

I=
C

I=
C

30
da

ys
M
ed

ic
at
io
n
lia
is
o
n
se
rv
ic
e

M
ed

ic
at
io
n
h
is
to
ry

co
n
fi
rm

at
io
n
w
it
h
co

m
m
un

it
y

h
ea

lt
hc

ar
e
pr
of
es
si
on

al
s
(t
el
ep

ho
ne

,f
ax

in
g)

Z
h
a
n
g
[1
6]

C
h
in
a

RC
T

15
0

<
18

43
%

C
M
R

Ye
s

Le
n
gt
h
of

st
ay

A
d
h
er
en

ce
Re

ad
m
is
si
o
n

I>
C

I>
C

I=
C

14
da

ys
Tr
ea

tm
en

t
re
vi
ew

M
ul
ti
d
is
ci
pl
in
ar
y
re
vi
si
on

of
dr
ug

pr
es
cr
ip
ti
o
n
s

Te
le
ph

on
e
fo
llo

w
-u
p
to

3–
4
da

ys

a R
es
ul
ts
b
as
ed

on
si
g
ni
fi
ca

nt
fi
nd

in
gs

re
po

rt
ed

in
th
e
in
di
vi
d
ua

ls
tu
d
y.

I>
C
,i
n
te
rv
en

ti
on

is
si
g
ni
fi
ca

nt
ly
b
et
te
r
th
an

co
n
tr
ol
;I

=
C
,n

o
si
g
ni
fi
ca

nt
d
iff
er
en

ce
be

tw
ee

n
in
te
rv
en

ti
o
n
an

d
co

n
tr
o
l;
C
>

I,
co

nt
ro
li
s
si
g
ni
fi
ca
n
tly

b
et
te
r
th
an

in
te
rv
en

ti
o
n.

A
R,

ad
he

re
nc

e
re
vi
ew

;C
M
R,

cl
in
ic
al

m
ed

ic
at
io
n
re
vi
ew

;S
F-
12

,S
h
or
t-
fo
rm

[1
2]

he
al
th

su
rv
ey

;M
LH

FQ
,M

in
ne

so
ta

Li
vi
n
g
W
it
h
H
ea

rt
Fa

ilu
re

Q
ue

s-
tio

nn
ai
re
;S

F-
36

,S
ho

rt
-f
o
rm

[1
3]

he
al
th

su
rv
ey

;S
G
RQ

,S
t.
G
eo

rg
e’
s
re
sp
ir
at
or
y
qu

es
ti
on

n
ai
re
;E

Q
-5
D
,E

ur
oQ

o
l-5

D
;H

RQ
oL

,H
ea

lt
h
-r
el
at
ed

q
ua

lit
y
of

lif
e.

Pharmacist-led medication reviews and hospital readmissions

Br J Clin Pharmacol (2016) 82 1660–1673 1665



Ta
b
le

3
Ri
sk

of
bi
as

re
ga

rd
in
g
ou

tc
om

es
of

th
e
st
ud

ie
s
in
cl
ud

ed
in

th
e
sy
st
em

at
ic

re
vi
ew

R
a
n
d
o
m

se
q
u
en

ce
g
en

e
ra

ti
o
n

A
ll
o
ca

ti
o
n

co
n
ce

al
m
en

t

B
li
n
d
in
g
:

p
a
rt
ic
ip
a
n
ts
,

p
er

so
n
n
el

B
li
n
d
in
g
:

o
u
tc
o
m
es

In
co

m
p
le
te

o
u
tc
o
m

e
as

se
ss
m

en
t

Se
le
ct

iv
e
re

p
o
rt
in
g

O
th

er
G
lo
b
al

ri
sk

B
la
d
h
[4
2
]

U
nc

le
ar

Lo
w

H
ig
h

U
nc

le
ar

Lo
w

H
ig
h

H
ig
h
ri
sk

o
f
b
ia
s

B
o
la
s
[4
3]

Lo
w

Lo
w

H
ig
h

H
ig
h

H
ig
h

H
ig
h

Lo
w

H
ig
h
ri
sk

o
f
b
ia
s

Fa
rr
is

[1
7
]

Lo
w

Lo
w

H
ig
h

Lo
w

Lo
w

Lo
w

Lo
w

Lo
w

ri
sk

o
f
b
ia
s

Fr
an

k
e
n
th

a
l
[4
4]

Lo
w

Lo
w

H
ig
h

Lo
w

Lo
w

Lo
w

U
n
cl
ea

r
U
n
cl
ea

r
ri
sk

o
f
b
ia
s

G
il
le
p
si
e
[2
8]

Lo
w

Lo
w

H
ig
h

Lo
w

Lo
w

Lo
w

H
ig
h

H
ig
h
ri
sk

o
f
b
ia
s

Ja
ra

b
[3
3]

Lo
w

Lo
w

H
ig
h

Lo
w

Lo
w

Lo
w

U
n
cl
ea

r
U
n
cl
ea

r
ri
sk

o
f
b
ia
s

K
o
eh

le
r
[2
9
]

Lo
w

Lo
w

H
ig
h

Lo
w

Lo
w

U
nc

le
ar

H
ig
h

H
ig
h
ri
sk

o
f
b
ia
s

Li
p
to

n
[2
6]

Lo
w

H
ig
h

H
ig
h

Lo
w

Lo
w

Lo
w

H
ig
h

H
ig
h
ri
sk

o
f
b
ia
s

Li
sb

y
[2
0]

Lo
w

U
n
cl
ea

r
H
ig
h

Lo
w

Lo
w

H
ig
h

U
n
cl
ea

r
H
ig
h
ri
sk

o
f
b
ia
s

Li
sb

y
[2
1]

U
nc

le
ar

U
n
cl
ea

r
H
ig
h

U
nc

le
ar

Lo
w

Lo
w

H
ig
h

H
ig
h
ri
sk

o
f
b
ia
s

M
cM

u
ll
in

[4
5
]

Lo
w

Lo
w

H
ig
h

H
ig
h

Lo
w

Lo
w

Lo
w

H
ig
h
ri
sk

o
f
b
ia
s

M
o
rg

a
d
o
[2
2]

H
ig
h

U
n
cl
ea

r
H
ig
h

Lo
w

Lo
w

Lo
w

U
n
cl
ea

r
H
ig
h
ri
sk

o
f
b
ia
s

N
a
za

re
th

[1
8
]

Lo
w

Lo
w

H
ig
h

Lo
w

Lo
w

Lo
w

Lo
w

Lo
w

ri
sk

o
f
b
ia
s

Sa
d
ik

[2
3
]

Lo
w

U
n
cl
ea

r
H
ig
h

Lo
w

Lo
w

Lo
w

U
n
cl
ea

r
U
n
cl
ea

r
ri
sk

o
f
b
ia
s

Sc
u
ll
in

[2
7
]

Lo
w

H
ig
h

H
ig
h

Lo
w

H
ig
h

Lo
w

H
ig
h

H
ig
h
ri
sk

o
f
b
ia
s

Sc
h
n
ip
p
e
r
[1
9]

Lo
w

Lo
w

H
ig
h

Lo
w

Lo
w

Lo
w

Lo
w

Lo
w

ri
sk

o
f
b
ia
s

Sp
in
ew

in
e
[2
4
]

H
ig
h

U
n
cl
ea

r
H
ig
h

Lo
w

Lo
w

Lo
w

H
ig
h

H
ig
h
ri
sk

o
f
b
ia
s

St
o
w
as

se
r
[2
5
]

Lo
w

U
n
cl
ea

r
H
ig
h

Lo
w

Lo
w

Lo
w

Lo
w

U
n
cl
ea

r
ri
sk

o
f
b
ia
s

Z
h
a
n
g
[1
6]

Lo
w

Lo
w

H
ig
h

Lo
w

Lo
w

H
ig
h

U
n
cl
ea

r
H
ig
h
ri
sk

o
f
b
ia
s

P. Renaudin et al.

1666 Br J Clin Pharmacol (2016) 82 1660–1673



of the intervention meant that the personnel and partici-
pants could not be blinded, and thus performance bias was
not included in the calculation of global risk. Three out of
19 RCTs were classified as good quality [17–19]. The
allocation concealment procedures of six studies was unclear
[20–25], and two studies were considered at high risk of bias
[26, 27]. There was a high risk of other bias assessed in six tri-
als, including a possible contamination bias with the same
pharmacists caring for both the control and intervention
groups, a lack of power to detect changes in admission rates,
and the recruitment of only half of the eligible patients into
the trial [21, 24, 26–29].

All-cause readmission and/or ED visits
We identified 13 studies that compared the effects of
pharmacist-led medication reviews (n = 2385) to those of
usual care (n = 2420) on rates of all-cause readmissions
and/or ED visits. There were no significant differences be-
tween the two groups (RR = 0.97, 95% CI 0.90; 1.05,
P = 0.44, I2 = 0%) (see Figure 2). Moreover, there were no sig-
nificant differences between all-cause readmission and/or
ED visits at 30 days (RR = 0.98, 95% CI 0.86; 1.12, P = 0.80,
I2 = 0%) or between 2 months and 12 months (RR = 0.96,
95% CI 0.87; 1.05, P = 0.38, I2 = 22%) after hospital discharge.
The associated funnel plot was symmetrical (Appendix S3).
Moreover, we did not find any significant differences in the
sensitivity analyses (see Table 4). The sensitivity analysis did
not show significant differences between the studies

assessing full medication reviews (medication reconciliation,
treatment review, medication liaison service and telephone
follow-up) and those without full medication review. Only
one study, which almost reached significance (0.26 [0.06;
1.09]) in this outcome, included a full medication review
and the readmission rate at 30 days [29]. However, these re-
sults concerned only 41 patients, and the effects of sampling
may thus be important.

All-cause readmission
We identified 12 studies that compared the effects of
pharmacist-led medication reviews (n = 2331) to usual care
(n = 2382) on all-cause readmission rate. There were no signif-
icant differences between the two groups (RR = 0.98, 95% CI
0.90; 1.06, P = 0.59, I2 = 0%) (see Figure 3). Moreover, there
were no significant differences between all-cause
readmissions 30 days (RR = 0.95, 95% CI 0.80; 1.13,
P = 0.56, I2 = 0%) or 2 months to 12 months (RR = 0.99,
95% CI 0.90; 1.09, P = 0.83, I2 = 0%) after hospital discharge.
The associated funnel plot was symmetrical (Appendix S3).

All-cause emergency department visits
We identified four studies that compared the effects of
pharmacist-led medication reviews (n = 951) to those of usual
care (n = 951) on all-cause ED visit rates. There was a signifi-
cant difference between the two groups (RR = 0.70, 95% CI
0.59; 0.85 P = 0.0002, I2 = 39%) (see Figure 3).

Figure 2
Forest plot of the effect of medication review on 30 days’ all-cause readmissions and/or ED visits and all cause readmission and/or ED visits be-
tween 2 months and 12 months after hospital discharge
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Figure 3
Forest plot of the effect of medication review on 30 days’ all-cause readmissions, all-cause readmission between 2 months and 12 months after
hospital discharge, all-cause ED visits, drug-related readmission and all-cause mortality

Pharmacist-led medication reviews and hospital readmissions
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Drug-related readmissions
We identified two studies that compared the effects of
pharmacist-led medication review (n = 274) to usual care
(n = 270) on drug-related readmission rates. There was a sig-
nificant difference between the two groups (RR = 0.25, 95%
CI 0.14; 0.45, P < 0.0001, I2 = 44%) (see Figure 3).

All-cause mortality
We identified seven studies that compared the effects of
pharmacist-led medication review (n = 1599) to usual care
(n = 1645) on all-cause mortality rate. There was no signifi-
cant difference between the two groups (RR = 0.97, 95% CI
0.81; 1.17, P = 0.86, I2 = 0%) (see Figure 3).

Length of hospital stay
We identified six studies comparing the effects of
pharmacist-led medication review (n = 931) to usual care
(n = 956) on length of hospital stay. There was no signifi-
cant difference between the two groups (MD �0.45 days,
95% CI �1.73; 0.82, P = 0.48, I2 = 58%) (see Figure 4).
Moreover, we did not find any significant differences in
the sensitivity analyses (see Table 4).

Adherence and quality of life
Formal pooling was not possible for the adherence and qual-
ity of life variables due to the small number of studies and the
diversity of assessments used. Nevertheless, qualitative re-
views of the results were performed in terms of the number
of studies showing a significant positive effect, a nonsignifi-
cant positive effect, no or negative effect. Five studies re-
ported adherence to medications as an outcome of their

research (see Table 5). The majority of the studies (n = 80%)
reported a significant improvement in adherence to medica-
tion as a result of the pharmacist-led medication review.
Patients’ quality of life was measured in four studies, and
one study with CMR as the intervention reported a significant
impact on one of the two scales of quality of life used [23].

Discussion
Our study found no significant reductions in the rate of all-
cause readmissions and/or ED visits due to pharmacist-led
medication reviews in hospitals. However, pharmacist-led
medication reviews were associated with a decrease in the
number of ED visits and drug-related readmissions. One
primary component of the pharmacist-led medication review
is pharmacist-led medication reconciliation. To our
knowledge, only one meta-analysis has investigated the
effectiveness of pharmacist-led medication reconciliation
programmes on clinical outcomes in hospital transitions
and found a substantial reduction in the rate of all-cause
readmissions (19%), all-cause ED visits (28%) andADE-related
hospital revisits (67%) [30]. However, thatmeta-analysis, con-
ducted by Mekonnen et al., included not only RCTs but also
before/after studies and non-RCTs. The inclusion of non-
RCTs in meta-analyses is not recommended because it de-
creases the level of evidence of the meta-analysis [31]. Our
meta-analysis did not show any significant reductions in the
rate of all-cause readmissions (RR = 0.98, 95% CI 0.90; 1.06,
P = 0.59). This difference in our findings from those of
Mekonnen et al. may be due to a study by Hawes et al. [32],
which included a pharmacist-led medication reconciliation

Figure 4
Forest plot of the effect of medication review on the length of hospital stay

Table 5
Summary of reported findings on adherence and quality of life outcomes

Outcomes
Number
of trials

Favours medication
review

Favours
usual care

No significant differences
between groups

Study reported botha significant
and non-significant differences

Adherence 5 4 — 1 —

Quality of life 4 0 — 3 1b

aOutcomes were measured using two different methods, for example self-reported adherence and medication refill.
bAnalysis using the MLHFQ but not SF-36 showed a significant impact.
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after discharge at home that did not meet our inclusion
criteria. The rate of all-cause readmissions and/or ED visits
was significantly different at 30 days (0% vs. 40.5%,
P < 0.001). Moreover, our results are comparable to most
pharmacist-led medication review or pharmacist-led medica-
tion reconciliation meta-analyses that have studied the rate
of readmissions [4–7].

To our knowledge, the various pharmacist-led medication
review or pharmacist-led medication reconciliation meta-
analyses that examined all-cause readmission rates pooled
the different results and did not study the effect of the time
points used in the calculation of readmission rates. Our
meta-analysis identified no differences when including only
the studies that investigated the all-cause readmission rates
and all-cause readmission and/or ED visits within 30 days.

However, pharmacist-led medication reviews signifi-
cantly reduced all-cause ED visits (RR = 0.70; 95% CI 0.59;
0.85, P = 0.0002) using the 30-day and the 12-month
endpoint.

It is difficult to study the impact of medication reviews
alone because the process is affected by the patient’s overall
care and many intervening factors. Moreover, the interven-
tions differ depending on the studies. For example, the inter-
ventions of Scullin et al. [27] and Spinewine et al. [24] consist
of amedication reconciliation andmedication service liaison.
Other studies [16–19, 26, 28, 29] have included, for example,
a follow-up post-discharge by telephone or by a community
pharmacist for a more or less lengthy period of time. The sen-
sitivity analyses showed no significant differences depending
on the presence or absence of medication reconciliation,
treatment review, follow-up post-discharge or medication ser-
vice liaison.

This systematic review on in-hospital pharmacist-led
medication reviews did not identify an effect on the length
of hospital admission (�0.50 (CI) �0.20, 0.10, P = 0.49).
Another related meta-analysis also did not identify an effect
on the length of hospital stay (�0.04 days (�1.63; 1.55),
P = 0.96). This can be explained by the incomplete medica-
tion reviews performed in the interventions. Indeed, the
overall results are conflicting, with two trials providing signif-
icant results on the length of hospital stay in favour of the
intervention [16, 27]. It should be noted that the study by
Zhang et al. [16] included a paediatric population and that
Scullin et al. [27] integrated medication reconciliation into
their intervention.

One RCT study has been conducted with children [16],
whereas most studies have been conducted in patients over
65 years of age. It is currently difficult to review whether med-
ication reviews have an impact on all-cause readmissions in
the paediatric population, although it is likely that it has an
impact on the length of hospital stay [32].

Our study found that clinical medication reviews [16, 26]
and adherence reviews [22, 33] had an impact on adherence.
Adherence was measured by several scales, such as the
Morisky scale [34], the method of Williford and Johnson
[35], or by asking patients whether they had taken each
medication exactly as prescribed during the previous day
and on how many days during the previous week [19].
Our study did not find a clear impact of pharmacist-led
medication review on quality of life. Indeed, only one study
found an impact on patient’s quality of life. This may be

due to the range of assessments used: the SF-12 [36], SF-36
[37], EQ-5D [38], MLHFQ [39], HRQL [40] or SGRQ [41] spe-
cific to chronic obstructive pulmonary disease. The variety
of the scales used does not enable us to confirm the utility
of pharmacist-led clinical services as an activity to improve
patient’s quality of life.

Limitations of the study
There are a number of limitations to this study. The first is the
small number of subjects that were included in some studies,
which may raise concerns about the study sampling.
Moreover, many studies were single centre, which raises the
issue of replicability. It is necessary to cautiously interpret
the impact of pharmacist reviews on all-cause ED visits and
drug-related readmissions because we found few studies that
examined these endpoints. These results were based on only
four and two studies, respectively.

Only articles published in English or French were assessed
in this review. There may have been studies published in non-
English language journals that involved interventions for im-
proving care transitions. In addition, research disseminated
in the grey literature, such as conference papers and unpub-
lished reports, was not considered. This may have resulted
in an over-representation of studies with statistically
significant findings, an inflation of effect size estimates, and
less precise effect size estimates than meta-analyses including
grey literature.

Conclusion
The impact of pharmacist-led medication reviews on all-
cause readmissions is not clear, but these clinical pharma-
cist services have a significant impact on all-cause ED visits
and drug-related readmissions. However, the latter two re-
sults are based on only four and two studies, respectively.
The impact of medication reviews on the length of hospital
stay and adherence remains unclear. Based on the results of
this meta-analysis and other meta-analyses, it seems very
unlikely, as might be expected, that medication reviews
have an impact on mortality. However, the impact on pa-
tient quality of life may be more in question; indeed, the
variety of the assessments used did not enable us to deter-
mine any effects.

It is important to consider the timing of endpoints when
studying readmission rates in future investigations. Indeed,
medication reviews appeared to impact early hospital
readmissions, i.e., at 30 days post-discharge. The majority of
studies investigated the elderly; it is important to demon-
strate whether medication reviews can affect the paediatric
population. Finally, the global quality of the studies is low,
and, to our knowledge, there are no randomized controlled
trials involving a large number of subjects; this type of study
is necessary to demonstrate a significant impact on readmis-
sion rates after hospital discharge. Indeed, to demonstrate a
reduction of at least 6% in readmission rates, future trials
should include over 1400 subjects. An RCT with a large num-
ber of subjects using a standardized medication review in
populations at risk for drug-related readmission is necessary.
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