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Abstract

Background: Effects of beta-blockers on the prognosis of the heart failure patients with preserved ejection fraction (HFpEF)
remain controversial. The aim of this meta-analysis was to determine the impact of beta-blockers on mortality and
hospitalization in the patients with HFpEF.

Methods: A search of MEDLINE, EMBASE, and the Cochrane Library databases from 2005 to June 2013 was conducted.
Clinical studies reporting outcomes of mortality and/or hospitalization for patients with HFpEF (EF = 40%), being assigned
to beta-blockers treatment and non-beta-blockers control group were included.

Results: A total of 12 clinical studies (2 randomized controlled trials and 10 observational studies) involving 21,206 HFpEF
patients were included for this meta-analysis. The pooled analysis demonstrated that beta-blocker exposure was associated
with a 9% reduction in relative risk for all-cause mortality in patients with HFpEF (95% Cl: 0.87 — 0.95; P < 0.001). Whereas,
the all-cause hospitalization, HF hospitalization and composite outcomes (mortality and hospitalization) were not affected
by this treatment (P=0.26, P=0.97, and P =0.88 respectively).

Conclusions: The beta-blockers treatment for the patients with HFpEF was associated with a lower risk of all-cause
mortality, but not with a lower risk of hospitalization. These finding were mainly obtained from observational studies, and

further investigations are needed to make an assertion.
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Introduction

Epidemiological data reveals that approximately 50% of
chronic heart failure (HF) patients have normal or only mildly
impaired left ventricular ejection fraction (EF), which is referred to
as the HF with preserved EF (HFpEF) patients [1]. As the life
expectancy increases and the population ages, the prevalence of
HFpET continues to increase [2]. More importantly, the prognosis
of HFpEF patients remains poor, which is similar to that of HF
patients with reduced ejection fraction (HFrEF) [3]. Thus, HFpEF
is a growing major problem in public health in the world.
However, efficacious therapies on HFpEF have not been well
established.

Beta-blockers are a kind of drugs that inhibit sympathetic
nervous system activity. It has been shown that patients with
HFrEF receive significant benefits from the treatment [4,5]. In
contrast, the benefits of beta-blockers on mortality and hospital-
ization in patients with HFpEF have not been confirmed [6].
Clurrently, there is no consensus on the effect of beta-blockers in
HFpEF. For instances, some observational studies demonstrated
the beta-blockers treatment decreased the risks of all-cause
mortality in the HFpEF patients [7-9], while the reduction was
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not observed in the sub-analysis of SENIORS trial [10] and J-
DHF trial [11]. However, a small observational study has
suggested that the prescription of beta-blockers increases the risk
for hospitalization in the HFpEF patients [12]. Although a
previous meta-analysis addressed the effects of pharmacotherapies
(including beta-blockers) in the HFpEF patients [13], they used the
threshold of an EF = 35% as the diagnosis of the HFpEF patients,
which is usually not considered “preserved.” In addition, several
studies have been published since the previous meta-analysis was
performed.

Given the limited evidence and uncertain effects of beta-
blockers in the patients with HFpEF, this meta-analysis summa-
rized the current data from randomized controlled trials (RCTs)
and observational studies (OSs) to determine the impact of the
beta-blockers treatment on mortality and hospitalization in the
patients with HFpEF (an EF = 40%).

Methods

This meta-analysis was performed and reported according
to the Preferred Reporting Items for Systematic Reviews and
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Meta-Analyses (PRISMA) [14] and the reporting Meta-Analyses
of Observational Studies in Epidemiology (MOOSE) [15].

Literature search

We conducted MEDLINE, EMBASE, and the Cochrane
Library databases searches for the published clinical studies from
2005 through June 2013 using the following search terms: 1) heart
failure with preserved ejection fraction or heart failure with
normal ejection fraction or diastolic heart failure, 2) beta-blockers.
Our literature search was limited to studies involving human
subjects and those published in English. We manually searched the
references that were cited in other relevant publications.

Inclusion criteria

Inclusion criteria were: (1) assessment of the effectiveness of
beta-blockers in the patients with HFpEF which had an EF =
40%, (2) randomized controlled trials or nonrandomized con-
trolled studies that provide information on the mortality and/or
hospitalization, (3) studies that had a non-beta-blockers control
group, (4) the duration of follow-up was at least 6 months.

Data extraction

Information about the study and patient characteristics,
methodological quality, intervention strategies, and clinical out-
comes was systematically extracted separately by two reviewers.
Disagreements were resolved by consensus.

Methodological Quality

The quality of random control trial included was assessed by the
Jadad quality scale [16]. The quality of the observational studies was
evaluated by Newcastle-Ottawa Scale tool (available at: http://
www.ohri.ca/programs/ clinical_epidemiology/oxford.asp).

Statistical Analysis

The relative risks (RRs) and 95% CI were used as the common
measure across the studies. The hazard ratios (HRs) were
considered equivalent to RRs [17-19]. If the effect estimates were
not available in the studies included, the RRs were calculated by
using the following formula: RR = Probability of events given
treatment/Probability of events given no-treatment. If the studies
provided the adjusted estimations, they were directly used in the
meta-analysis. Statistical heterogeneity was tested by the Cochran
Q statistic and reported as I*-value for every outcome [20]. The
RRs were pooled using the fixed-effect models (Mantel-Haenszel
method) in the absence of heterogeneity among studies (I>-value
less than 50%). In the presence of heterogeneity, the RRs were
pooled using a random-effects model (DerSimonian and Laird
method) [21]. The publication bias was assessed by Begg’s test
[22]. A significance level of alpha = 0.05 was used.

A sensitivity analysis was conducted by removing one study
from the total studies in each round and evaluating the influence of
each single study on the primary meta-analysis result. The
outcomes of all-cause mortality according to the selected study
characteristics were assessed by subgroup analysis. All analyses
were performed by statistical program Stata (version 11.2, Stata
Corp, College Station, Texas) and R software (version. 3.0.1,
available at: http://www.r-project.org/).

Results

Search results

Figure 1 displays the flow diagram of study selection. Our initial
search yielded 4,915 citations from MEDLINE and EMBASE
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databases, and 187 citations from Cochrane Library. After
screening the titles and abstracts of all studies identified by the
search strategy, 90 potentially relevant articles were further
screened for the eligibility. Finally, 2 randomized control trials
[10,11] and 10 observational studies [7-9,12,23-28]
included.

were

Characteristics and quality of study included

The characteristics of the studies included are presented in
Table 1. Of the 12 studies included, 2 studies were randomize-
controlled design [10,11] (one from the sub-analysis), 6 studies
were prospective cohort design [7,12,23-26], and 4 studies were
retrospective design [8,9,27,28]. The definition of HFpEF differed
across the included studies, with an EF = 40% in 5 studies and EF
= 50% in 7 studies. 4 studies included the elderly HFpEF patients
only.

Among a total of 21,206 patients, 7,834 patients were in the
beta-blockers group and 13,030 patients in the control group
(Note: Chan’s study did not provide the exact data of the two
groups). There were only 5 studies that provided the data
regarding hospitalization [9-12,26]. The mean follow-up period,
ranging from 0.5 to 4.57 years, was similar between the beta-
blockers and the non-beta-blockers group. The effect estimations
of hazard ratios (HRs) were provided in 7 studies and RRs in 5
studies, which were adjusted for the baseline characteristics.

Of the two RCTs included, the Jadad score was 4 in the
SENIORS trials and 2 in the J-DHF trials. The quality of the
included OSs assessed by Newcastle-Ottawa Scale tool was
displayed in Table SI (median score, 7; range, 5 to 8).

Patient characteristics

Patient characteristics of the studies included are presented in
Table 2. The mean age of the patients with HFpEF was 77.7
years. Among them, 59.8% were female with the mean LVEF of
55.8%. Ischemic etiology was the primary cause for HF in 48.3%
of the patients. The prevalence of hypertension, diabetes mellitus,
atrial fibrillation and chronic obstructive pulmonary disease
(COPD) was 70.7, 37.0%, 35.5% and 37.8%, respectively.
Baseline medication included ACEI/ARB in 50.3% of the
patients, diuretics in 75.6%, nitrates in 37.3%, and digoxin in

22.3%.

Effect of beta-blockers on all-cause mortality

Figure 2 displays the results of the pooled analyses of all studies
that reported the outcomes of all-cause mortality and composite
outcomes. Of the 12 studies that reported the mortality and
hospitalization, only 4 studies showed that beta-blocker treatment
was associated with a significantly lower risk of all-cause mortality
in HFpEF patients. There was a 5% decrease in risk of all-cause
mortality from the RCT (I2 =0%, RR, 0.95; 95% CI, 0.69 to 1.30;
P=0.73), a 11% reduction from the prospective cohort studies
(I=0.3%, RR, 0.89; 95% CI, 0.80 to 0.99; P < 0.05), and a 22%
reduction from the data of retrospective cohort studies
(*=76.8%, RR, 0.91; 95% CI, 0.86 to 0.96; P < 0.05). Overall,
the treatment with beta-blockers was associated with a significant
reduction in the risk for the mortality compared with the non-beta-
blockers group (I2 =39.4%, RR, 0.91; 95% CI, 0.87 to 0.95;
P < 0.05). However, the composite outcomes of mortality and
hospitalization was not affected by the beta-blockers treatment
(*=81.4%, RR, 1.02; 95% CI, 0.75 to 1.40; P=0.88). No
evidence for publication bias was found using Begg’s test for the
studies that reported all-cause mortality (P =0.19) and composite
outcomes (P =0.46), and the Begg’s funnel plots were displayed in
Figure S1 and Figure S2, respectively.
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v

12 Studies met the
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l |

12 Studies reported
all-cause mortality
2 RCTs, 6 PCSs, and 4 RCSs

5 Studies reported
hospitalization for HF
2 RCTs, 2 PCSs, and 1 RCS

Figure 1. Flowchart of study search and selection in this meta-analysis. PCSs, prospective cohort studies; RCSs, retrospective cohort studies;

RCTs, randomized controlled trials;
doi:10.1371/journal.pone.0090555.g001

Effect of beta-blockers on hospitalization

Figure 3 shows the pooled analyses of the included studies that
reported the outcomes of hospitalization. Five studies provided the
data of all-cause hospitalization. The pooled analysis showed that
the beta-blockers treatment did not improve the risk for all-cause
hospitalization (12 =73.3%, RR, 0.87; 95% CI, 0.68 to 1.11;
P =0.26, Figure 3A) in HFpEF. Similarly, the pooled overall RRs
of HF hospitalization did not demonstrate a significant benefit of
the beta-blocker treatment (I2 =60.3%, RR, 1.01; 95% CI, 0.66 to
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1.53; P=0.97; Figure 3B). No evidence for the publication bias
was found using the Begg’s test for studies reporting all-cause
hospitalization (P=0.81) and HF hospitalization (P=0.09), and
the Begg’s funnel plots were displayed in Figure S3 and Figure S4,
respectively.

Sensitivity Analyses

We performed leave-one-out sensitivity analysis on all-cause
mortality by omitting one study at a time, and found that none of
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A
% Favor Favor
Source Weight RR (95% CI) beta-blockers non beta-blockers
All-cause mortality
RCT i
SENIORS (2009) 1.34 0.92 (0.61, 1.36) ——
J-DHF (2013) 0.85 0.99 (0.54, 1.49) —_—
Subtotal (I-squared = 0.0%, p = 0.823) 219 0.95 (0.69, 1.30) <:>
PCS
Fukuta H (2005) 0.27 0.76 (0.31, 1.87) —_—
Chan, J. D (2005) 1.42 0.82 (0.56, 1.22) —_—
Grigorian SL (2006) 0.66 0.76 (0.43, 1.34) +—
OPTIMIZE-HF (2009) 14.71 0.94 (0.84, 1.07) E
Farasat SM (2009) 0.04 0.93 (0.09, 9.77) 4
Dobre D (2007) 1.31 0.60 (0.40, 0.90) —_——
Subtotal (I-squared = 0.3%, p = 0.414) 18.40 0.89 (0.80, 0.99) O
RCS i
Tehrani F (2008) 4.09 0.99 (0.79, 1.25)
R Shah (2008) 72.76 0.92 (0.87, 0.97)
Nevzorov R (2012) 1.55 0.69 (0.47, 0.99) =
El-Refai M (2013) 1.01 0.43 (0.27, 0.68) —_—
Subtotal (I-squared = 76.8%, p = 0.005) 7941 0.91 (0.86, 0.96) o]
Heterogeneity between groups: p = 0.912 i
Overall (I-squared = 39.4%, p = 0.078) 100.00 0.91 (0.87, 0.95) ]
T * 1
09 1 11
RR (95% CI)
B
Composite outcomes
RCT
SENIORS (2009) 20.89 0.88 (0.63, 1.23) —
J-DHF (2013) 16.04 0.90 (0.55, 1.49) —_—
Subtotal (I-squared = 0.0%, p = 0.936) 36.93 0.89 (0.67, 1.17) <:>
PCS
OPTIMIZE-HF (2009) 27.15 0.98 (0.91, 1.06) E 3
Farasat SM (2009) 13.68 3.18 (1.75, 5.76) —_—
Subtotal (I-squared = 93.2%, p = 0.000) 40.82 1.70 (0.54, 5.37) e
RCS
El-Refai M (2013) 2225 0.68 (0.51, 0.91) ——
Subtotal (I-squared =.%, p=.) 2225 0.68 (0.51, 0.91) <>
Overall (I-squared = 81.4%, p = 0.000) 100.00 1.02 (0.75, 1.40) <>
NOTE: Weights are from random effects analysis
I 1

A 1 1"

RR (95% Cl)

Figure 2. The pooled analyses of all-cause mortality and composites outcomes in beta-blockers group versus non-beta-blockers
group. Cl, confidence interval; PCS, prospective cohort study; RCS, retrospective cohort study; RCTs, randomized controlled trials; RR, relative risk.
doi:10.1371/journal.pone.0090555.g002
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% Favor Favor
A Source Weight  RR (95% Cl) beta-blockers non beta-blockers
All-cause hospitalization
RCT :
SENIORS (2009) 19.08 0.81 (0.57, 1.14) —
J-DHF (2013) 18.17 0.62 (0.43, 0.90) _—
Subtotal (--squared = 6.6%, p = 0.301) 3725 0.71 (0.55, 0.93) <
;
PCS E
OPTIMIZE-HF (2009) 29.41 0.98 (0.90, 1.06) s
Farasat SM (2009) 12.13 1.72 (0.99, 2.99) ; -
Subtotal (l-squared = 74.3%, p = 0.048) 4153 1.21 (0.71, 2.07) —
i
RCS :
EL-REFAI M (2013) 21.22 0.70 (0.52, 0.94) —
Subtotal (-squared = %, p =) 2122 0.70 (0.52, 0.94) <>
i
]
Overall (I-squared = 73.3%, p = 0.005) 10000  0.87 (068, 1.11) ¢>
NOTE: Weights are from random effects analysis i
| |

334 1 299
RR (95% Cl)

B
Hospitalization for heart failure
RCT
SENIORS (2009) 25.33 0.86 (0.50, 1.47) —_—
J-DHF (2013) 26.63 0.81(0.49, 1.35) —_—
Subtotal (I-squared =0.0%, p = 0.874) 51.96 0.83(0.58, 1.21) <:>
PCS
Farasat SM (2009) 13.91 3.21(1.27,8.13) g
Subtotal (--squared = %, p =) 1391 321(1.27,8.12) _—
RCS
EL-REFAIM (2013) 34.13 0.84 (0.60, 1.17) —_—
Subtotal (I-squared =.%,p=.) 3413 0.84 (0.60, 1.17) C>
Overall (I-squared = 60.3%, p = 0.056) 100.00 1.01 (0.66, 1.53) <>
NOTE: Weights are from random effects analysis
I 1

123 1 8.13
RR (95% Cl)

Figure 3. The pooled analysis of hospitalization in beta-blockers group versus non-beta-blockers group. A: All-cause hospitalization;
B: HF hospitalization Cl, confidence interval; PCS, prospective cohort study; RCS, retrospective cohort study; RCTs, randomized controlled trials; RR,
relative risk.

doi:10.1371/journal.pone.0090555.9g003
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the individual study significantly influenced the pooled estimate of
all-cause mortality (Figure 4A). In addition, we conducted
subgroup analyses and the results were displayed in Figure 4B.
When the pooled analysis of all-cause mortality was performed
using random-effect model, a similar result was observed (Figure
4B). A protective effect of beta-blockers was observed when the
pooled analysis was limited to those studies that only included
elderly patients. However, when the effect estimates were limited
to the unadjusted subgroups (those studies performed multivariate
analysis to obtain RRs), the pooled analysis did not show a
significant effect on all-cause mortality in the patients with
HFpEF.

Discussion

In contrast to the well-reported benefits of the beta-blockers
treatment for patients with HFrEF, the effect of beta-blockers
exposure in HFpEF remains uncertain. In this meta-analysis
involving 21,206 patients, the effect of beta-blockers on the
HFpET with an EF = 40% was firstly evaluated. We found that
beta-blocker treatment was associated with a statistically signifi-
cant reduction in all-cause mortality. However, the prescription of
beta-blockers did not significantly improve the hospitalization (all-
cause or HF related) or composite outcomes of mortality and
hospitalization in HFpEF patients.

It should be emphasized that this meta-analysis was challenged
by the differential criteria of the EF cut-off value (range from 35%
to 55%) used in the clinical studies investigating HFpEF. In the
earlier clinical studies, the cut-off value of EF > 35% was used as
the definition of HFpEF [29,30], while this cut-off value was
relatively low and generally not considered ““preserved”. In recent
years, both the threshold of EF = 50% and EF = 40% were
identified as the diagnostic criteria for HFpEF in clinical studies
[9,11]. The heart failure patients with an EF 40% to 50% who had
mild systolic dysfunction were characteristically and prognostically
similar to those with an EF = 50% [31]. More importantly, recent
ACCF/AHA guidelines recognized that the range of 40% to 50%
was defined as borderline and intermediate criteria of patients with
HFpEF [32]. We, therefore, chose an EF value = 40% as a
definition for HFpEF patients in this meta-analysis. To our
knowledge, this is the first meta-analysis to evaluate the effect of
beta-blockers in HFpEF patients with an EF = 40%.

This meta-analysis reveals that beta-blockers exert a signifi-
cantly protective effect on all-cause mortality reduction in HFpEF
patients. The mortality benefit associated with beta-blockers in this
analysis was largely driven by the results of Shah R et al [8].
However, the protective effect still remained after removing this
study using the sensitivity analysis. Furthermore, both fixed and
random effects models in the pooled analysis shows the
significantly similar benefit of the beta-blockers treatment. In
addition, this protective effect was noted as well when the pooled
analysis was limited to the studies that only included elderly
patients. Accordingly, the conclusion that the treatment of beta-
blockers reduces all-cause mortality in patients with HFpEF (EF=
40%) is fairly reliable.

The mechanism of the beta-blockers treatment that exerts
benefits on all-cause mortality in patients with HFpEF has not
been precisely clarified. It might be mainly due to the anti-
hypertensive effect, the arrhythmic-risk reduction, and the
myocardial perfusion improvement. Previous studies have found
that hypertension is the most important cause of HFpEF [33].
Therefore, beta-blockers, as effective anti-hypertension drugs,
could exert anti-hypertensive effect and improve the survival of the
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patients with HFpEF. Additionally, the patients with HFpEF
usually have a history of ischemic heart diseases and atrial
fibrillation [32]. HFpEF in this condition may benefit from the
beta-blockers treatment via controlling ventricular rate, improving
myocardial metabolism and ventricular remodeling, and reducing
arrhythmic-risk and acute coronary events. The ESC guidelines
mentioned that an adequate treatment of hypertension, myocar-
dial ischemia and tachycardia should be recommended to the
patients with HFpEF [34].

It is interesting that the protective effect of beta-blockers on
HFpEF regarding all-cause mortality is significant, but all-cause
(or HF related) hospitalization is not. The lack of the reduction in
hospitalization in this meta-analysis is probably due to the
following reasons. First, the patients with HFpEF were elderly
and typically characterized by multiple non-cardiac or/and
cardiac comorbidities. Previous studies demonstrated that the
incidence of non-cardiac related hospitalization in HFpEF was
much higher, while the incidence of HF hospitalization in HFpEF
was lower compared to HFrEF [34]. The comorbidity of diabetes
mellitus or COPD might affect the effect of non-selective beta-
blockers. These drugs could increase insulin resistance or cause
bronchial constrictions. It is possible that the patients with HFpEF
hospitalization for diabetes mellitus and/or COPD may not
benefit from the beta-blocker treatment. Thus, the higher
hospitalization remains. Second, there is very limited data
regarding the hospitalization available to produce a meaningful
finding. With the clinical studies increase, a significant outcome
regarding the hospitalization, in particular HF-related hospital-
ization, will be reported. In the future, more randomized clinical
trials are necessary to explore whether the beta-blockers treatment
could improve hospitalization in patients with HFpEF.

Although this meta-analysis demonstrated a significant benefit
of beta-blockers on all-cause mortality in HFpEF, the recommen-
dations for this treatment in clinical practice should be cautious.
This benefit is mainly derived from the observational studies and
only 9% risk reduction was observed. More large-scale RCTs in
HFpEF are required to assure the protective effect of beta-
blockers. Fortunately, a large-scale clinical trial (B-PRESERVE
study) aiming at the role of B-blockers (metoprolol) in HFpEF is on
the way now [35].

Study limitations

There are several limitations in our meta-analysis. First, the
publication bias may only occur for published articles in English.
Second, the available RCTs were underpowered to provide
conclusive findings about the effects of beta-blockers on HFpEF
due to small sample sizes. Third, the outcomes regarding exercise
tolerance, diastolic function and quality of life were not assessed in
this meta-analysis. As we know, it 1s also important to clarify the
effect of beta-blockers on the outcomes of symptoms and
functional status. However, the available data is too limited to
perform a powerful meta-analysis. Furthermore, the application of
meta-analytic methods to the observational studies in this meta-
analysis may produce inherent biases, including the observational
design that has lost the randomization and made the calculation of
a single summary effect estimate potentially misleading. However,
the credibility could be greatly improved as we performed and
reported this meta-analysis according to the reporting Meta-
Analyses of Observational Studies in Epidemiology (MOOSE).
Finally, there are only two studies (SENIORS and J-DHEF trials) in
this meta-analysis that provided the specific doses and types of the
beta-blockers administrated We could not assess whether the doses
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and types of beta-blockers affect the effects of beta-blockers on
HFpEF.

Conclusions

This meta-analysis demonstrated that the beta-blockers treat-
ment reduced all-cause mortality in HFpEF patients with EF =
40%, while it did not affect hospitalization. Beta-blockers may be
an efficacious therapeutic option for the patients with HFpEF, and
further large scale RCTs are urgently required to assert this issue.
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Figure S1 Begg’s Funnel Plots with Pseudo 95% Confidence
Limits for studies reporting all-cause mortality. RR, relative risk;
and SE standard error.
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