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Background: There is evidence that heart failure (HF) patients who receive pharmacist care have better

clinical outcomes.

Methods and Results: English-language peer-reviewed randomized controlled trials comparing the phar-

macist-involved multidisciplinary intervention with usual care were included. We searched PubMed,

MEDLINE, EMBASE, CINAHL, Web of Science, Scopus, and the Cochrane Library from inception

through March 2017. Cochrane method for risk of bias was used to assess within and between studies. 18

RCTs (n = 4630) were included for systematic review, and 16 (n = 4447) for meta-analysis. Meta-analysis

showed a significant reduction in HF hospitalizations {odds ratio (OR) 0.72 [95% confidence interval (CI)

0.55-0.93], P = .01, I2 = 39%} but no effect on HF mortality. Similarly, a significant reduction in all-cause

hospitalizations [OR 0.76, 95% CI (0.60-0.96), P = .02, I2 = 52%] but no effect on all-cause mortality was

revealed. The overall trend was an improvement in medication adherence. There were significant improve-

ments in HF knowledge (P<.05), but no significant improvements were found on health care costs and

self-care.

Conclusions: The pharmacist is a vital member of a multidisciplinary team in HF management to improve

clinical outcomes. There was a great deal of variability about which specific intervention is most effective

in improving clinical outcomes. (J Cardiac Fail 2019;25:744�756)
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Heart failure (HF) is an increasingly prevalent and debilitat-

ing disease.1 An estimated 38 million people have been diag-

nosed worldwide.2 HF is characterized by high rates of

mortality and morbidity3�6 and the readmission rate remains

high.4,7 HF limits functional capacity, is associated with

impaired quality of life,8,9 and imposes a high economic
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burden on health care. Despite improved outcomes from

medical therapy,14 recent studies demonstrate that »25% of

hospitalized patients with HF are readmitted within 30 days of

discharge15�17 and 50% are readmitted within 6 months.18�21

Further, 50% of patients die within 5 years of diagnosis.22�24

HF often coexists with polymorbidities and polypharmacy,
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highlighting the need for innovative pharmacist-involved mul-

tidisciplinary collaborative approaches.25�29

Introduction

Rationale

A previous systematic review of randomized controlled tri-

als (RCTs) reported that pharmacist care significantly reduced

the risk of all-cause and HF hospitalizations, and nonsignifi-

cantly reduced mortality, particularly if the pharmacist was a

member of a multidisciplinary team.30 The multidisciplinary

approach for managing HF should incorporate the implemen-

tation of guideline-directed medical therapy (GDMT) advo-

cated by Australian,31 American,25 and European professional

societies.32 Recently, pharmacist-involved multidisciplinary

teams have demonstrated significant contributions to HF man-

agement, including optimization of GDMT for HF with

reduced ejection fraction patients,33,34 reduction in 30-day all-

cause readmission,35 reduction in time to initial follow-up,36

safe transition of patient from hospital to ambulatory care,37

and overall medication management.38 Despite this evidence,

knowledge gaps exist regarding the precise role of the pharma-

cist in a multidisciplinary team. Therefore, this study explores

current and rigorous evidence regarding the role of the phar-

macist within the multidisciplinary team for HF management

to improve clinical outcomes.

Objective

The objective of this systematic review and meta-analysis

was to comprehensively evaluate the role of pharmacist-

involved multidisciplinary HF management, to determine

its effect in relation to HF hospitalizations, HF mortality,

all-cause hospitalizations, all-cause mortality, medication

adherence (compliance), HF knowledge, health-care costs,

self-care, and composite endpoint (all-cause hospitaliza-

tions, all-cause mortality).

Methods

This study was conducted in accordance with the

Cochrane methodology,39 and is reported using the Pre-

ferred Reporting Items for Systematic Reviews and Meta-

Analysis (PRISMA) statement.40 An explicit method of

quality measurement, grading of recommendations, assess-

ment, development, and evaluations (GRADE) approach

was incorporated to draw a summary for each outcome.41

Protocol and Registration

Our protocol was registered with the International Pro-

spective Register of Systematic Reviews (PROSPERO; reg-

istration number: CRD42016052195).42

Eligibility Criteria

Studies were eligible if they included adults (�18 years)

with a confirmed diagnosis of HF according to diagnostic

methods, such as the New York Heart Association (NYHA)
classification, echocardiography, Framingham criteria,

nuclear imaging, cardiac magnetic resonance imaging, physi-

cian notes in medical record, left ventricular ejection fraction,

and American College of Cardiology Foundation and Ameri-

can Heart Association (ACC/AHF) classification. According

to the ACC/AHF, ejection fraction (EF) is �40% in HF with

reduced EF (HFrEF), whereas it is �50% in HF with pre-

served EF (HFpEF). RCTs which have enrolled patients with

mid-range (EF 41�49)32 or recovered EF (EF >40)25 were

not excluded in our review. We included English-language

peer-reviewed RCTs (pharmacist-involved multidisciplinary

interventions), full-text articles, and conference papers.

In the context of this review, a pharmacist-involved multi-

disciplinary intervention was defined as the condition of

pharmacist(s) working in collaboration, at a minimum, with

a physician within the intervention model. The intervention

model may include interaction with other health-care profes-

sionals as needed. Eligible pharmacist interventions include

medication reconciliation, discharge counselling, patient edu-

cation, collaborative medication management, telephone fol-

low-up, home medication review, self-adjustment of diuretic

dose, prevention of medication errors, adverse drug reac-

tions, and drug�drug interactions. Some of the duties—for

example, patient education, telephone follow-up, home medi-

cation review and drug�drug interactions—could be offered

to patients by physicians and nurse practitioners in different

health-care settings without involving the typical work pro-

file of a pharmacist. However, to be eligible for this meta-

analysis, these interventions in RCTs must have been con-

ducted within a multidisciplinary approach that did not

exclude the pharmacist.

The intervention was compared with usual care, which

involves either a follow-up by a cardiologist or general

practitioner (GP) in a hospital, outpatient clinic, or family

medical practice, or under multidisciplinary HF-specialist

care, and care that did not include the pharmacist undertak-

ing an active role.

Information Sources

Trials were identified through systematic searches of the

databases recommended by the Cochrane Heart Group and

other relevant databases from inception through March 2017.

These included PubMed (NLM), MEDLINE (Ovid),

EMBASE (Ovid), CINAHL (EBSCO), Web of Science

(Thomson Reuters), Scopus (Elsevier), and the Cochrane

Central Register of Controlled Trials (CENTRAL) in the

Cochrane Library. The bibliographies of relevant studies and

systematic reviews were searched manually. Corresponding

authors were approached for further information regarding

any missing, unreported, or ongoing trial data whenever rele-

vant. Additionally, ongoing clinical trials and unpublished

studies on the following clinical trial registers were searched:

1. ClinicalTrials.gov (www.ClinicalTrials.gov).

2. The WHO International Clinical Trial Registry Platform

(ICTRP) (http://apps.who.int/trialsearch/).

http://www.ClinicalTrials.gov
http://apps.who.int/trialsearch/
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Search

The search strategies used in this review are outlined in

supplementary Table S1.

Study Selection

Two independent reviewers (D.R.P. and C.K.) identified

studies based on inclusion and exclusion criteria. Reasons

for the exclusion of the ineligible studies were identified

and recorded. Disagreements regarding the study selection

process were resolved by consensus with a third reviewer

(J.F. and R.C.).

Data Collection Process

Data were extracted from included studies (D.R.P.) and

checked for accuracy and completeness (C.K.). When suffi-

cient data for meta-analysis was unavailable in the original

RCTs, the corresponding authors were contacted.43�47 We

were unable to receive the required data for this meta-analy-

sis from 3 RCTs.48�50 In these instances, we used the data

provided by the primary authors in previous meta-

analysis.30

Data Items

The data from the eligible RCTs were extracted, includ-

ing author, date of publication, setting and country, sample

size, study populations, mean age of the patients, interven-

tion groups, major outcome descriptions, endpoint measure-

ments, and duration of follow-up.

The following outcomes were considered:

� Primary outcomes, which included HF hospitalizations

and HF mortality.
� Secondary outcomes, such as all-cause hospitaliza-

tions, all-cause mortality, medication adherence (com-

pliance), HF knowledge, health-care costs, self-care,

and composite endpoint. The composite endpoint is

the combination of all-cause hospitalizations and all-

cause mortality.51 Mortality as a sole endpoint to

determine the clinical benefit of the intervention

requires larger and longer trials. Therefore, composite

endpoints of death and hospitalizations are combined

to amalgamate the overall efficacy by increasing sta-

tistical power.52
Risk of Bias in Individual Studies

The risk of bias assessment was performed using the

Cochrane Risk of Bias Tool.53 Two reviewers independently

assessed the methodological quality and a consensus was

achieved through discussion or referral to the third reviewer.

The risk of bias assessment was performed at the study

level.54 RCTs were included in the meta-analysis, irrespec-

tive of the risk of bias results; however, the GRADE

approach was used to generate a summary of each outcome.
Summary Measures

Forest plots were generated to estimate the pooled odds

ratios (ORs) and 95% confidence intervals (CIs) for the

rates of HF hospitalizations, HF mortality, all-cause hos-

pitalizations, all-cause mortality and composite endpoint.

Meta-analysis was performed using RevMan 5.3 soft-

ware.55 To measure the outcomes, the random-effects

model was selected if there were more than 5 studies and

a fixed-effects model was used if there were fewer than 5

studies.56 The weight of a single study in a forest plot

indicates the impact of that particular study on an overall

pooled estimate in a meta-analysis as calculated by the

inverse of the variance.57 The percentage value of the

weight depends on the sample size and CI. A larger sam-

ple size and narrower CI means a higher weighting for a

particular study.58 Overall effects in the forest plots were

considered significant at P � .05.
Synthesis of Results

Statistical heterogeneity was measured using the standard

chi-squared test (x2; P < .05 was considered significant)59

and Higgins I2 test. The I2 values of 25%, 50%, and 75%

were considered low, moderate, and high variability,

respectively.60 When meta-analysis was not possible, a

descriptive synthesis was undertaken to extract the evidence

for the 4 secondary outcomes.

Publication bias was measured by the generation of fun-

nel plots.61 Reporting bias (selective reporting), poor

reporting of certain outcomes due to negative results, was

also measured.62
Additional Analysis

Sensitivity analysis was performed to determine the pooled

estimate of HF hospitalizations, all-cause hospitalizations and

all-cause mortality by including 4 RCTs with sufficient statisti-

cal power of�80%.43,45,47,63 Meta-analysis was further under-

taken by polling only RCTs with statistical power and 12

months of follow-up43,45,47 to determine the effect on HF-

related hospitalizations, all-cause hospitalizations and all-

cause mortality.
Results

Study Selection

The initial search strategy identified 1294 potentially

eligible studies from databases, and another 72 were

found from clinical trial registers. After excluding

duplicates, the remaining 786 studies were carefully

screened by title and abstract. The full text of 55 publi-

cations was reviewed. Eighteen RCTs (n = 4630) were

included for systematic review, and 16 (n = 4447) for

meta-analysis. The PRISMA flow chart (Fig. 1) demon-

strates the screening process for the eligible studies and

the reasons for exclusion.
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Fig. 1. PRISMA flow diagram: study screening and selection.
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Study Characteristics

Eligible patients were those diagnosed with HF (�18 years

and mainly diagnosed with NYHA classes I�IV). Only 3 tri-

als reported the value of EF in their eligibility criteria; EF �
55 in 1 trial,64 EF < 45 in 1 trial,65 and EF � 40 in 1 trial.50

One RCT excluded patients who have preserved EF from

recruitment.63 Another RCT only included patients suffering

from left ventricular systolic dysfunction.43 The studies were

conducted in the United States, Europe, the United Kingdom,

Australia, Canada, and the United Arab Emirates. The mean

age of the participants in the RCTs ranged from 58 to

84 years. The follow-up time ranged from 6 weeks to 12

months. The sample size for the RCTs ranged from a mini-

mum of 34 to a maximum of 2169. Of the total participants

(n = 4630), 61% were male and 39% were female. The set-

tings for the RCTs included outpatient clinics, primary care

centers, hospitals, patients’ homes, and community pharma-

cies. Pharmacist-involved multidisciplinary intervention

offered an integrated approach to educational counseling
focusing on HF knowledge and medications, lifestyle modifi-

cations, self-care behaviors, medication management, and

telephone follow-up. The characteristics of the 18 included

studies are shown in Table 1.

Data for HF hospitalization (13 RCTs), HF mortality

(2 RCTs), all-cause hospitalization (13 RCTs), all-cause

mortality (15 RCTs), and composite endpoint (3 RCTs)

were available to include in the meta-analysis. Addition-

ally, data for medication adherence (10 RCTs), HF

knowledge (2 RCTs), health-care costs (4 RCTs), self-

care (1 RCT), and health-related quality of life (8 RCTs)

were available for narrative synthesis to extract the over-

all effect on these outcomes.
Risk of Bias Within Studies

The overall risk of bias was judged as low in the included

studies, as demonstrated by supplementary Fig. S1: Sum-

mary of risk of bias. Allocation concealment (selection

bias) in 7 RCTs (39%), and blinding of outcome assessors



Table 1. Characteristics of Included Studies

Source Setting (Country)
Sample
Size (n) Study Population

Mean Age
(years)

Intervention Group and Major Outcome
Description

Follow-Up
(intervention
frequency)

Goodyer (1995)66 Outpatient clinics
(United Kingdom)

100 Chronic stable HF patients (>70 y)
who required no alteration of
medications.

84 Patient counseling about the use of medications. Signifi-
cant improvement in medication compliance in inter-
vention group.

3 months
(2, 4 weeks)

Stewart (1998)64 Home visits
(Australia)

97 HF patients (NYHA II, III or IV) dis-
charged from hospital, high risk for
unplanned readmission, LVEF�
55.

75 Discharge counseling, home visit, recommendation to
visit community pharmacist and liaison with GPs.
Reduced unplanned readmissions and death rates in
intervention group.

6 months
(1 week)

Gattis (1999)65 Outpatients clinics
(United States)

181 HF patients undergoing evaluation in
general cardiology clinics, and
LVEF <45.

68 Therapeutic recommendations, counseling about medi-
cations and potential drug effects, and telephone fol-
low-up. Significant reduction in all-cause mortality
and HF clinical events in intervention group.

6 months
(2, 12, and
24 weeks)

Rainville (1999)67 Hospital (United States) 34 Patients >50 y, diagnosed with HF,
and with medical history of the
disease.

70 Education about HF and self-care, medication review,
and telephone follow-up. Lower readmissions rates in
intervention group.

12 months
(1, 4, 12,
48 weeks)

Varma (1999)68 Outpatients clinics
(Northern Ireland)

83 Patients >65 y, diagnosed with HF
(NYHA I�IV) and cognitive status
score of >6. Recruited from hospi-
tal or those attending outpatient
clinics.

76 Education on HF, medications and self-care, medication
optimization, written information provided to GP or
community pharmacist. Improved knowledge about
drug therapy and lower hospital admissions in inter-
vention group.

12 months
(3 monthly)

Bouvy (2003)46 Community Pharmacy
(Netherlands)

152 HF patients being treated with loop
diuretics (NYHA class II/III),
admitted to hospital or attended
specialist HF clinic.

70 Structure interview, medication review, compliance
measurement, and monthly follow-up. Improved
medication compliance intervention group. No signif-
icant differences in re-hospitalization and mortality
between groups.

6 months
(monthly)

Tsuyuki (2004)63 Outpatient clinics
(Canada)

276 Patients (>18 y) admitted to hospital
due to HF (reduced systolic
dysfunction).

74 Patient support program, medication optimization, edu-
cation about HF, medication, and self-care behaviors.
No difference in medication adherence between
groups. Reduction in cost of care in intervention
group.

6 months
(2 and 4 weeks
and monthly
thereafter)

Sadik (2005)45 Outpatient clinics
(United Arab
Emirates)

208 Patients with diagnosed HF (NYHA
class I�IV) and cognitive status
score >6.

58 Education on HF, medication, self-care, and lifestyle
modification. Pharmacist discussion with physician to
optimize therapy. Improved compliance, and lower
hospitalizations in the intervention group.

12 months
(3, 6, 9,
12 months)

Gwardy-Sridhar (2005)50 Hospital (Canada) 134 Patients with HF (�18 y), low left
ventricular ejection fraction (LVEF
� 40%), under long-term treatment
for HF or low LVEF.

67 Received 2 HF booklets, viewed video on congestive
HF and multidisciplinary education medication com-
pliance, diet and lifestyle modifications. Improved
knowledge scores in intervention group.

12 months
(2 to 4 days
and every
3 months thereafter)

Lopez Cabezas (2006)44 Hospital (Spain) 134 Hospitalized patients for HF. Diag-
nosed using the Framingham crite-
ria for HF. Majority in NYHA I, II.

76 Education on HF, diet, and medications. Telephone fol-
low-up and clinical assessment. Reduced readmis-
sions rates and improvement of medication
compliance in intervention group.

12 months
(1, 2, 3, 4,
5, 6, 8, 10,
12 months)

Holland (2007)49 Home visits
(United Kingdom)

293 Patients (>18 y) admitted to ED due
to HF as an ongoing condition, and
(majority in NYHA class III), pre-
scribed 2 or more drugs on
discharge.

77 Home visit (within 2 weeks of discharge) and education
on medications, life style modifications and self-care.
Feedback was provided to GPs and the local pharma-
cist. One follow-up visit between 6�8 weeks. No
reduction on hospital admissions in intervention
group.

6 months
(2 weeks,
6�8 weeks)

(continued on next page)
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Table 1 (Continued)

Source Setting (Country)
Sample
Size (n) Study Population

Mean Age
(years)

Intervention Group and Major Outcome
Description

Follow-Up
(intervention
frequency)

Murray (2007)47 Outpatient clinics
(United States)

314 Patients (>50 y) diagnosed with HF
(majority in NYHA II) and using at
least 1 cardiovascular medication.

62 Medication reconciliation, education on medication
adherence, and HF. Communicating with clinic
nurses, and primary physicians. Improved adherence
during intervention and decreased health-care cost in
intervention group.

12 months
(during, 3, 6,
9, 12 months)

Triller (2007)69 Home visits
(United States)

154 Patients with primary or secondary
diagnosis of HF (�21 y) who were
discharged and under home care.

80 Medication reconciliation, counseling on medication
compliance and lifestyle modifications. Communica-
tion with nurses, and GPs. No significant difference in
the composite endpoint between groups.

6 months
(7 to 10 and
18 to 21 d)

Azad (2008)70 Outpatient clinics
(Canada)

91 Patients diagnosed with chronic HF
(older women, �63 y).

77 The interdisciplinary intervention pathway including 12
visits over a 6-week period. Exercise program, educa-
tional counseling and dietary management. No signifi-
cant difference in mortality in intervention group.

6 months
(biweekly
visits)

Eggink (2010)71 Hospitals
(Netherlands)

85 Adults (�18 y) diagnosed with HF
and prescribed 5 or more
medications.

73 Medication review, discussion with cardiologists about
prescribing errors, providing information to patients,
providing written overview of the discharge medica-
tions, liaising with community pharmacy as well as
with GPs. No difference in medication adherence
between groups.

6 weeks (after
discharge)

Korajkic (2011)72 Outpatient clinics
(Australia)

70 Patients (�18 y) diagnosed with HF
with NYHA class II, III, and IV
and were on a daily dose of furose-
mide (other medications allowed).

57 Education on self-care, dose adjustment of furosemide,
HF and medications. Lower readmissions rates in the
intervention group. Significant improvements in HF-
related knowledge and medications in intervention
group.

3 months
(4, 8, and
12 weeks)

Lowrie (2012)43 Primary care center
(United Kingdom)

2169 Patients (�18 y) with left ventricular
systolic dysfunction.

71 Training to pharmacist about HF and medications. Phar-
macist collaborated with family doctors and patients
for the optimization of treatment. No significant dif-
ference in death from any cause or hospital admis-
sions for any cause between groups.

55 months
(3�4 subsequent
weekly or
fortnightly).

Roblek (2016)73 Hospitals (Slovenia) 51 Patients diagnosed with HF, pre-
scribed at least 2 medications dur-
ing admission, and presence of at
least 1 drug�drug interaction.

79 Evaluation of clinically relevant drug�drug interaction
by the pharmacist. The relevancy of the drug�drug
interactions was checked by a panel of 3 clinicians
with help of electronic database. Lifestyle modifica-
tions information provided. No significant difference
in composite endpoint, re-hospitalization and death,
between groups.

6 months (During
hospitalization,
and at patient discharge.)

ED, emergency department; LVEF, left ventricular ejection fraction.
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Fig. 2. Forest plot of heart failure hospitalizations (random-effects model). Test of overall effect, P < .05 is considered significant.

Fig. 3. Forest plot of heart failure mortality (fixed-effects model). Test of overall effect, P < .05 is considered significant.
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(detection bias) in 3 RCTs (17%) were unclear. Although

the performance bias (blinding of participants and person-

nel) was found to be 100%, given the nature of the interven-

tions in the included studies, it is not valid in this review

(supplementary Table S2). The open nature of the interven-

tions prohibited true blinding in the trials.

Synthesis of Results

Effect on HF Hospitalizations. Thirteen RCTs (4211

patients) reported HF hospitalizations (patients hospitalized

at least once).43�47,49,50,63�65,67,69,72 Of these, 8

RCTs44,45,50,64,65,67,69,72 showed a reduction in HF hospitaliza-

tion, but 5 had no effect.43,46,47,49,63 Only 4 had sufficient sta-

tistical power to detect effect on HF hospitalizations.43,45,47,63

A pooled estimate of the 13 RCTs showed a significant
Fig. 4. Forest plot of all-cause hospitalizations (random-effects mo
reduction in HF hospitalizations (OR 0.72, 95% CI

[0.55�0.93], P = .01, I2 =39%) in a random-effects model

(Fig. 2). The x2 test showed that the P value is not signifi-

cant (P= .07) for heterogeneity. The heterogeneity for the

pooled effect on HF hospitalizations was medium

(I2=39%). In the meta-analysis of 4 RCTs with sufficient

statistical power, there was no significant reduction in HF

hospitalizations (OR 0.87, 95% CI [0.69�1.08], P = .20,

I2 =0%). In addition, there was no statistically significant

difference in the net effect on HF hospitalizations when

the meta-analysis was restricted to 3 RCTs with statistical

power and 12 months of follow-up.43,45,47

Effect on HF Mortality. Only 2 RCTs (2345

patients)43,65 reported HF mortality. Only 1 included RCT had

statistical power to detect effect on HF mortality.43 A pooled
del). Test of overall effect, P < .05 is considered significant.



Table 2. Summary of Secondary Outcomes

Study Medication Adherence (compliance) P Value

Goodyer (1995)66 Mean compliance score after the intervention was 93% (SD, 11.7) for the intervention group,
and 51% (SD 31.5) for usual care.

<.001

Varma (1999)68 A total of 10 patients were compliant and 3 were noncompliant in the intervention whereas 3
were compliant and 7 noncompliant in the usual care group.

<.05

Sadik (2005)45 The number of patients having self-reported compliance for prescribed medication was 85 for
treatment and 35 for usual care group. Similarly, the compliance for lifestyle adjustment
was 75 for treatment group and 29 for usual care group at 12 months.

<.05

Gwadry (2005)50 Noncompliance for intervention and usual care group for different medications class; ACEIs:
13% (4.1�22.5), 17% (7.2�26.8); b-blockers: 13% (1.8�24.5), 15% (2.7�26.7); digoxin:
15% (2.9�25.7), 19% (3.5�27.8); and diuretics 23% (11.1�35.8), 23% (10.7�35.1).

NS

Lopez (2006)44 The degree of compliance was 85% vs 73.9% in the intervention and usual care group respec-
tively at 12 months.

NS

Bouvy (2003)46 The intervention group had 140/7656 days without diuretics vs 337/6196 for usual care, rela-
tive risk (0.33, 0.24�0.38, CI 95%).

NS

Tsuyuki (2004)63 Nonsignificant improvement of ACE inhibitors adherence over the 6 months; 83.5 §29% in
the intervention group vs 86.2 §29% in the usual care group.

NS

Holland (2007)49 Nonsignificant improvement of drug adherence in the intervention group (adjusted mean dif-
ference=0.12 units, �0.48 to 0.73 units).

.68

Murray (2007)47 Nonsignificant improvement on drug adherence during the 9-month intervention period;
67.9% and 78.8% in the usual care and intervention groups, respectively (difference, 10.9
percentage points [95% CI, 5.0 to 16.7 percentage points]). However, this effect disap-
peared in the 3-month post-intervention follow-up period; adherence was 66.7% and 70.6%
for usual care and intervention group respectively (difference, 3.9 percentage points [CI, 5.9
to 6.5 percentage points]).

NS

Eggink (2010)71 No difference on drug adherence; 79.5% in the usual care group vs 78.0% in the intervention
group (RR: 1.07 [95% CI 0.47�2.44]).

NS

Study Heart Failure Knowledge P value

Gwardy-Sridhar (2005)50 The change in knowledge score was 2.24 § 2.46 (95% CI 1.63�2.85) in the intervention and
1.38 § 2.16 (95% CI 0.85�1.91) in the usual care group, respectively.

<.02 (immediate), and
0.05 (over 1 year)

Korajkic (2011)72 Significant improvement in HF knowledge; 94% intervention vs 71% usual care. .01
Health-care costs
Stewart (1998)64 The mean cost of hospital-based care was ($3200 [95 % CI, $ 1800�$4600]) for intervention

group and ($5400 [95 % CI, $3200�$6800]) for usual care group The cost for community-
based health care was $620 per patient to intervention group and $680 per patient for con-
trol group. The costs were estimated in Australian dollars.

NS

Tsuyuki et al (2004)63 Reduction in cost of care for intervention group (2531 Canadian dollar less per patient). This
amount is equivalent to current estimate of $1902.

NS

Murray et al (2007)47 The annual direct health-care costs for intervention group was lower by $2960 (CI, $-7603 to
$1338) per patient.

NS

Triller et al (2007)69 Nonsignificant reduction in cost (total health system cost, hospital costs, and home care
agency cost).

NS

Self-care
Holland et al (2007)49 Nonsignificant improvements of self-care score in the intervention group 26.58 vs 28.27 (low

scores imply better self-care behavior).
NS

ACEIs, angiotensin converting enzyme inhibitors; NS, Nonsignificant; SD, standard deviation; RR, relative risk. P � .05 is considered significant.
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estimate of the 2 RCTs showed no reduction in HF mortality

(OR 1.56, 95% CI [0.6�4.03], P = .36, I2 = 0%; Fig. 3). There

was no heterogeneity for net effect (I2 = 0%).

Effect on All-Cause Hospitalizations. Thirteen

RCTs (4241 patients) reported all-cause hospital-

izations.43�47,49,63-66,68,69,73 Of these, only 4 had sufficient

statistical power to detect effect on all-cause hospitaliza-

tions.43,45,47,63 Nine RCTs44�47,64�66,68,69 reported reduced

all-cause hospitalizations, with 4 showing no

effect.43,49,63,73 A pooled estimate of the 13 RCTs showed a

significant reduction in all-cause hospitalizations (OR 0.76,

95% CI [0.60�0.96], P = .02, I2 = 52%; Fig. 4). The x2 test

showed that the P value was significant (P= .01) for hetero-

geneity. The heterogeneity for the pooled effect on all-cause

hospitalizations was slightly higher than medium

(I2 = 52%). In the meta-analysis of 4 RCTs with sufficient
statistical power, there was no significant reduction in all-

cause hospitalizations (OR 0.97, 95% CI [0.84�1.13],

P = .73, I2 = 35%). In addition, there was no statistically sig-

nificant difference in the net effect on all-cause hospitaliza-

tions when the meta-analysis was restricted to 3 RCTs with

statistical power and 12 months of follow-up.45,47,49

Effect on All-Cause Mortality. Fifteen RCTs (4366

patients) reported all-cause mortality.43�47,49,50,63�65,67�70,73

Among them, only 4 had sufficient statistical power to detect

effect on all-cause mortality.43,45,47,63 Six RCTs showed a

significant reduction in all-cause mortality.44,46,50,64,65,67 A

pooled estimate of the 15 RCTs showed no significant reduc-

tion in all-cause mortality (OR 0.92, 95% CI [0.74�1.13],

P = .41, I2 = 9%; figure not included). The heterogeneity for

net effect was low (I2 = 9%). In the meta-analysis of 4 RCTs

with sufficient statistical power, there was no significant
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reduction in all-cause hospitalizations (OR 1.03, 95% CI

[0.87�1.23], P = .73, I2 = 0%). In addition, there was no sta-

tistically significant difference in the net effect on all-cause

mortality when the meta-analysis was restricted to 3 RCTs

with statistical power and 12 months of follow-up.45,47,49

Effect on Medication Adherence (Compliance).

Medication adherence was reported in 10 RCTs

(Table 2).44�47,49,50,63,66,68,71 The interventions in these

RCTs focused on education about HF and medications, self-

care, medication review, medication optimization, adverse

drug reactions, providing written information, exposure to

a video about HF, collaboration with GPs, and telephone

follow-up. Among the 10 RCTs, only 3 had sufficient statisti-

cal power to detect effect on medication adherence.45,47,63

Three RCTs45,66,68 showed significant improvement,

644,46,47,49,50,63 found nonsignificant improvement, and 171

found no difference in medication adherence.

Effect on HF Knowledge. HF knowledge was reported

in 2 studies (Table 2).50,72 These interventions mainly

focused on educational sessions to improve knowledge of

HF and self-care behaviors, provide booklets and show a

video on congestive HF. Both of the included RCTs lacked

statistical power. However, both RCTs found a significant

improvement (P < .05) in knowledge of HF.50,72

Effect on Health-Care Costs. The effect on health-care

costs was measured in 4 RCTs (Table 2).47,63,64,69 Of them, 2

had sufficient statistical power.47,63 Cost-effectiveness was

measured in different ways: mean cost of hospital-based

care, health-care cost, total health-care cost, and composite

cost (total health-system cost, hospital cost, home care

agency cost). All 4 RCTs reported a nonsignificant reduction

in health-care costs. The reduction in cost per patient in inter-

vention group was not mentioned in 2 RCTs.64,69 One study,

conducted in the U.S., reduced the cost in the intervention

group by $2960 (CI: $�7603 to $1338) per patient.47 A

Canadian study reduced the cost by $1902 (current estimate

of $CDN) per patient.63

Effect on Self-Care. The impact on self-care was

reported in 1 RCT (Table 2),49 which found a nonsignificant

improvement. This RCT lacks statistical power. The inter-

vention consisted of a home visit by a pharmacist within 2

weeks of discharge, focused on patient/career education

regarding medications, exercise, diet, smoking cessation,

and providing feedback recommendations to GPs and the

local pharmacist afterward. Self-care was measured using

the European HF self-care behavior scale.74

Effect on Composite Endpoint. Three RCTs (2369

patients) reported a composite endpoint.43,69,73 Of the 3

RCTs, only 1 had sufficient statistical power to detect the

effect on composite endpoint.43 A pooled estimate of the 3

RCTs showed no significant reduction in composite end-

point (OR 0.97, 95% CI [0.82�1.16], P = .74, I2 = 0%;

figure not included).

Effect on Health-Related Quality Of Life. Health-related

quality of life was measured in 9 RCTs.44-47,49,50,68,70,72 Of

them, 2 had sufficient statistical power to detect the effect on

health-related quality of life.45,47 Among the 9 RCTs, only 4
studies reported a significant improvement and difference in

health-related quality of life in HF patients. The quality of

life was measured by different instruments: the Chronic

Heart Failure Questionnaire,47 EuroQol- 5 Dimension,44,49

the Minnesota Living With Heart Failure

(MLHF),45,46,49,50,68,70,72 the 36-Item Short Form Health Sur-

vey (SF-36),45,50,68,70 the Dartmouth Primary Care Coopera-

tive Information Project/World Organizations of National

Colleges, Academics, Academic Associations of General

Practice/Family Physicians,46 and the 15-item Geriatric

Depression Scale.70

Risk of Bias Across Studies

There are no small studies on the bottom right of the fun-

nel plot of HF hospitalizations so that the typical inverted

funnel-like shape was not observed indicating the presence

of some degree of publication bias (supplementary Fig.

S2a). The studies in funnel plot for all-cause hospitaliza-

tions are more closely clustered and equally distributed

(supplementary Fig. S2b). A degree of asymmetry and

absence of small studies on the bottom right side of the

plot was also observed in funnel plot of all-cause mortality

(supplementary Fig. S2c).

GRADE Assessment of Quality of Evidence

The GRADE summary table (supplementary Table S3)

illustrates the summary of each outcome along with a

description of the quality of the evidence. The grading of

each outcome is based on potential risk of bias, impression,

CI, and number of studies measuring that particular out-

come. We found moderate-quality evidence for significant

reduction of HF hospitalizations, all-cause hospitalizations,

and overall improvement in medication adherence. Signifi-

cant improvement in HF knowledge and nonsignificant

reduction in health-care costs were also of medium quality.

Nonsignificant reduction in HF mortality, all-cause mortal-

ity, and composite endpoint were of low quality. The evi-

dence for nonsignificant improvement in self-care was

found to be of very low quality.

Discussion

Summary of Evidence

The findings of this study indicated that pharmacist-

involved multidisciplinary HF management resulted in a

significant reduction in HF hospitalizations (28%) and all-

cause hospitalizations (24%) but had no effect on reducing

HF mortality and all-cause mortality. The overall trend was

an improvement in medication adherence. There was also

evidence to support significant improvements in HF knowl-

edge, but no significant improvements in health-care costs,

self-care, and composite endpoint. The results for HF mor-

tality and self-care reflect evidence from only 2 and a single

RCT, respectively. The net effect is likely to change with

further research. The overall trend was an improvement in

health-related quality of life. The most common instruments
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used to measure health-related quality of life were MLHF

and SF-36.

Although significant and convincing evidence has been

available for HFrEF, little evidence exists regarding effective

therapies for HFpEF; the result is a cohort of patients with

significant unmet clinical needs.75�78 We are not confident

in the number of patients with HFpEF that were included in

the 18 RCTs included in our analysis. Therefore, whether the

observed improved outcomes apply to patients with HFpEF

remains undefined. There was no noted heterogeneity for HF

mortality, all-cause mortality, and composite endpoint

(I2 = 0). However, we observed low heterogeneity (I2 = 39%)

for HF hospitalizations and slightly higher than medium level

of heterogeneity (I2 = 52%) for all-cause hospitalizations.

Potential sources of heterogeneity may be because of the set-

tings where the studies were conducted, sample size,

patients’ characteristics, risk of bias, type of intervention

delivered, and a difference in health-care systems among

countries where the RCTs were conducted.

It is often argued that the grading of bias risk into low,

unclear, and high demarcations is likely to be subjective.79

We contacted the primary authors and evaluated the risk of

bias using the Cochrane risk of bias assessment tool to mini-

mize the impact of subjective bias. The overall risk of bias

in the included trials in the current meta-analysis was low.

Selective reporting was negligible due to the open nature of

the interventions. We observed some degree of publication

bias especially for HF hospitalizations and all-cause mortal-

ity, as demonstrated by the asymmetry of the funnel plots.

To extract an explicit summary of each outcome from those

heterogeneous trials included in our study, the GRADE

approach was used.

In 2008, Koshman et al30 conducted a systematic review

(12 RCTs covering, 2060 patients) to determine the effect of

pharmacist care on patient outcomes for HF. A significant

reduction in the rate of all-cause hospitalizations and HF hos-

pitalizations, and a nonsignificant reduction in mortality was

found. Further, pharmacist-involved collaborative care led to

greater reductions in the rate of HF hospitalizations com-

pared with pharmacist-directed care. After the Koshman

(2008) study, we noted a gap in evidence from systematic

review and meta-analysis specifically focused on the role of

the pharmacist in HF management. Our findings are consis-

tent regarding the effect on HF hospitalizations, all-cause

hospitalizations, and all-cause mortality compared with

Koshman’s previous meta-analysis.30 However, our study

extends this earlier work by including data from 6 recent

RCTs to strengthen the available scientific evidence.

Furthermore, despite having similar results to the previ-

ous meta-analysis by Koshman et al, 2008,30 our analysis

includes more stringent eligibility criteria particularly, phar-

macists needed to be working in collaboration with at least

a physician within the intervention model. Koshman et al30

highlighted the optimal practice of GDMT and improve-

ment of clinical outcomes facilitated by embedding phar-

macists within a multidisciplinary team for the most

effective HF management. We excluded 1 RCT conducted
in Australia in which home medication review by a pharma-

cist had no effect on mortality or health-care utilization80

but that trial meets the eligibility criteria of the previous

meta-analysis.30

A retrospective study of hospitalized HF patients in rural

Japan, to determine the effect of pharmacist-involved multi-

disciplinary inpatient education, found a significant reduction

in the composite endpoint of HF hospitalizations and all-

cause mortality (P< .001).81 However, our meta-analysis

showed a nonsignificant reduction in the composite endpoint

of all-cause hospitalizations and all-cause mortality. There is

growing evidence for reduction in mortality rates among HF

patients due to better use of GDMT.82�84 Pharmacist initi-

ated multidisciplinary intervention leads to a significant

increase in prescription of GDMT as well as a reduction in

30-day all-cause readmission rate.85 Likewise, a reduction in

90-day readmission rate is recently reported where HF

patients visited a pharmacist-led post-discharge clinic.86

A review article by Davis et al87 reported an improve-

ment in medication adherence by pharmacist-delivered

interventions in HF patients as long as the intervention was

provided. Although an overall trend of an improvement in

medication adherence was observed, we remain unsure if

the improvement in medication adherence had direct impact

on reduction of hospitalizations and mortality rates in HF

patients in our study. Importantly, a very recent RCT of the

pharmacist-involved multidisciplinary intervention found

an improvement in medication adherence and quality of life

but no effect on hospitalizations and mortality in ambula-

tory chronic HF patients.88

An included pilot RCT educational tailored-intervention

consisting of providing HF booklets and showing a video

on HF, assisting patients to improve medication adherence

as well as promoting healthy diet and life-style modifica-

tions, resulted in a significant improvement in HF knowl-

edge.52 Another RCT on ambulatory HF patients found a

similar significant improvement in HF knowledge after

diuretic dose adjustment offered by the pharmacist-involved

multidisciplinary intervention.76 The ultimate impact of

improved HF knowledge on hospitalizations and mortality

rates by pharmacist-involved multidisciplinary interven-

tions required further investigation. The major economic

burden in HF is the cost associated with hospitaliza-

tions.89,90 Despite of overall nonsignificant reduction in

health-care costs, a significant reduction in hospitalizations

in our study is worth noting.

We observed a nonsignificant improvement in self-care

based on evidence from a single RCT warranting a further

research to extract clinically relevant answer. It is notewor-

thy that in our earlier literature review,91 the engagement of

pharmacists in HF management improved medication

adherence, medication management, self-care ability,

patient satisfaction, HF knowledge, and the reduction in HF

readmission rates. These findings were heavily derived

from observational studies. The findings from this meta-

analysis are solely from RCTs. Therefore, we hypothesize

that there is a substantial increasing opportunity for
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pharmacists as a key members of the multidisciplinary HF

management team to improve clinical outcomes.

There was a great deal of variability, in the reported

RCTs, regarding which specific intervention is most

effective in improving clinical outcomes, because phar-

macist-involved multidisciplinary intervention offered an

integrated approach of multiple interventions. Our study

highlights a persistent gap in evidence from RCTs

of pharmacist-involved multidisciplinary interventions

(having sufficient statistical power and longer follow-up)

for the effective management of HF in improving overall

clinical outcomes. This study is the first study to compre-

hensively evaluate the potential benefits of pharmacist

involvement in multidisciplinary HF management teams

related to the widest variety of outcome measures. The

use of the GRADE approach is another strength.

The limitations of the current study include the inclusion

of only English-language RCTs and the diversity of inter-

ventions, settings, and health-care systems in which the

studies were conducted, and their follow-up times, sample

heterogeneity, and statistical power. Despite the stated ben-

eficial contribution of the pharmacist-involved multidisci-

plinary team, the exact (magnitude) contribution of the role,

to the overall effect seen with the multidisciplinary teams

remains unclear and forms the basis for further research.

Conclusions

The pharmacist is a vital member of a multidisciplinary

HF management team to improve clinical outcomes. There

was a great deal of variability regarding which specific

intervention is most effective in improving clinical out-

comes. This study highlights a persistent gap of evidence

from a RCT of pharmacist-involved multidisciplinary inter-

vention (having sufficient statistical power and longer fol-

low-up) for the effective management of HF to improve

clinical outcomes.
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