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Abstract Heart failure with preserved ejection fraction
(HF-PEF) is a well-recognized complication of long-
standing hypertension. However, beyond the control of the
traditional cardiovascular risk factors, there are few other
recommendations for its management. To examine the
potential benefit of renin-angiotensin system (RAS) inhi-
bition in HF-PEF, we performed a systematic review of the
published medical literature. MEDLINE, EMBASE, and
COCHRANE databases were searched from 1966 to 2011
for longitudinal studies examining HF-PEF patients
receiving treatment with RAS inhibitors, either ACE
inhibitors (ACE-I) or angiotensin receptor blockers (ARB)
in addition to their standard treatment compared to those
receiving standard treatment alone. We examined the all-
cause mortality, cardiovascular mortality, and hospitaliza-
tions for heart failure. A total of 12 studies with 11,259
participants were included in the analysis. Among the
randomized clinical trials, with the use of RAS inhibitors
over standard treatment, there was no improvement in all-
cause mortality (RR: 0.99; 95 % CI: 0.88-1.12; p = 0.88),
while there was a trend toward lowered rates of hospital-
ization (RR: 0.93; 95 % CI: 0.86-1.01; p = 0.08). There
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were no major differences in the outcomes between the
ACE-I or ARB. However, among the observational studies
with the use of RAS inhibitors, there was a significant
benefit in all-cause mortality (RR: 0.76; 95 % CI:
0.62-0.93; p = 0.009), with no significant impact on the
hospitalization rates. RAS inhibition in HF-PEF was not
associated with significant reduction in all-cause or car-
diovascular mortality, but randomized control trials appear
to demonstrate a trend toward reduction in the risk for
subsequent hospitalization. Further prospective random-
ized trials are warranted to confirm the effects of RAS
inhibition on mortality and hospitalization.

Keywords ACE inhibitors - Angiotensin receptor
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Introduction

Heart failure with preserved ejection fraction (HF-PEF) is
the most common and fastest growing form of heart failure
in the United States [1]. Despite its importance, there are
large gaps in our understanding of the pathophysiology and
treatment of HF-PEF. Renin-angiotensin system (RAS)
inhibitors, including angiotensin-converting enzyme
inhibitors (ACE-I) and angiotensin receptor blockade
(ARB), constitute first-line treatment for patients with heart
failure with reduced ejection fraction (HF-REF) with pro-
ven efficacy in reducing mortality and morbidity. However,
their role in HF-PEF remains controversial, with multiple
clinical studies examining their role in HF-PEF showing
conflicting results [2—6]. The aim of this meta-analysis was
to assess efficacy of RAS inhibition on mortality and
hospitalizations due to heart failure in HF-PEF patients.
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Materials and methods
Search strategy

We systematically searched the electronic databases,
MEDLINE, PUBMED, EMBASE, and the Cochrane
Library for Central Register of Clinical Trials, using the
MESH terms, “heart failure, diastolic”, “angiotensin-con-
verting enzyme inhibitors”, “Angiotensin Receptor
Antagonists”, and the names of individual ACE-I or ARB
agents. We limited our search to studies in human subjects
and English language in peer-reviewed journals from 1966
to June 2011. Additionally, a manual search of all relevant
references from the screened articles and reviews of RAS
inhibitors was performed for additional clinical studies
(Table 2).

Study selection

Eligible studies were (1) prospective (randomized or non-
randomized) or retrospective study designs assessing the
effectiveness of RAS inhibitors (ACE-I or ARB) for
HF-PEF (defined as signs or symptoms of heart failure and
EF >40 %); (2) studies reporting outcomes of interest,
including mortality (all-cause and/or cardiac) and hospi-
talizations due to heart failure; and (3) studies with at least
a 6-month follow-up in each study arm. Exclusion criteria
were (1) healthy persons used as controls, (2) patients
following heart transplantation, (3) absence of quantitative
description of end points, (4) lack of clear and reproducible
results, and (5) trials in the abstract form without a pub-
lished manuscript in a peer-reviewed journal. There were
no restrictions based on year of publication. Studies that
had duplicated data, including same group of patients or for
whom there were updated results available, were excluded.

Data extraction and quality

The data were independently extracted by two authors
(V.A. and A.B.), using standardized protocol and reporting
form. Disagreements were resolved by arbitration (F.M.),
and consensus was reached after discussion. We extracted
characteristics of each study (type of design with duration
of intervention and methods), baseline demographics, and
mortality and hospitalization for heart failure after the
initiation of ACE-I/ARB for our analysis. Authors of the
studies were individually contacted in case the data were
unclear. The study quality was evaluated according to the
Jadad composite score [7], which is a five-point quality
scale, with low quality studies having a score of <2 and
high-quality studies a score of >3 [8].
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Outcomes assessed

Our primary analysis was aimed at evaluating the differ-
ence in the all-cause mortality between the patients on RAS
inhibitors compared to patients without RAS inhibition. In
addition, we also compared the differences in mortality due
to cardiovascular causes and differences in rates of
hospitalizations due to heart failure in the two groups of
patients.

Data analysis and synthesis

An intention-to-treat traditional meta-analysis was per-
formed in accordance with the recommendations from the
Cochrane Collaboration and the preferred reporting items
for systematic reviews and meta-analyses (PRISMA)
statement (for randomized controlled trials) and meta-
analysis of observational studies in epidemiology
(MOOSE) statement for others. All analyses were per-
formed by metan command of Stata 10.1 (Stata Corp.,
College Station, TX, USA). A priori, we assumed that
substantial clinical heterogeneity would be present in the
included trials. We therefore planned to apply both a
random-effects model (DerSimonian—Laird approach) [9]
and a fixed-effects model (Mantel-Haenszel) [10] to pool
the relative risk (RR) estimation for all outcomes. Heter-
ogeneity was assessed with the I° statistic proposed by
Higgins and Thompson [11], with I* < 25 % considered
low and I* > 75 % considered high. Reported values are
two-tailed, and hypothesis testing results were considered
statistically significant at p < 0.05. Small study effect,
including publication bias, was tested using funnel plot
and the regression intercept of Egger et al. [12] and cor-
rected by the nonparametric tri-and-fill method of Duvall
and Tweedie [13]. We separately examined if there were
any differences in the outcomes between randomized and
non-randomized studies, and various groups of RAS
inhibitors, including ACE-I, ARB, and ACE-I/ARB com-
bination. To determine whether individual studies had an
undue influence on the overall results (because of size or
magnitude of effect), we conducted a post hoc influence
analysis using the METANINF command in STATA,
which systematically excludes each study from the anal-
ysis and re-estimates the summary RR; influential studies
are identified by a large change in the summary RR after
exclusion. Since there was significant heterogeneity
between the observational and randomized studies, the
cumulative results of the two subgroups are reported
separately. Below, we report the results of the random-
effects models, while both the fixed- and random-effects
models results are listed in the tables.
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Results
Study selection

We identified 12 clinical studies (Table 1), with 12 control
arms and 13 intervention arms, which examined the effects
of RAS inhibitors, on mortality (all cause/cardiovascular)
and hospitalizations due to heart failure, based on our
inclusion and exclusion criteria (Fig. 1). These include five
randomized control trials [2-6] and seven observational
studies, with four prospective studies [14—17] and three
retrospective studies [18-20].

Baseline characteristics

These studies enrolled a total of 11,259 patients (cases—
5,624, controls—5,635), with a total follow-up duration of
39,950 years. While all the studies, that is, 13 comparison
groups reported the all-cause mortality, there were 10
groups comparing hospitalization and 6 groups comparing
cardiovascular mortality. The mean age of patients was
72.2 years (mean age range, 67-79 years). The mean follow-
up duration was 38.6 months (range, 6 months to 5 years).
The overall characteristics of the included studies are
listed in Table 1.

Quality assessment

Since we included both randomized and observational
studies in our analyses, the included studies were of vari-
able quality. There were five studies of good quality (Jadad
score >3) with low risk of bias and seven studies of low
quality (Jadad score <3) with high risk of bias.

All-cause mortality (Table 2, Fig. 2)

When examining only the randomized control trials, there
was no benefit of RAS inhibition over standard treatment
(RR: 0.99; 95 % CI: 0.88-1.12; p = 0.88). The lack of
benefit was consistent across both the ACE-I and ARB
subgroups. However, the observational studies showed a
significant benefit in all-cause mortality (RR: 0.76; 95 %
CI: 0.62-0.93; p = 0.009). As expected with lower-quality
studies, there was significant heterogeneity among the
observational studies (I*: 73.3 %, p = 0.001).

Cardiovascular mortality (Table 2)

There was no significant reduction in cardiovascular mor-
tality with the use of RAS inhibitors compared to controls
in both the randomized control trials (RR: 0.97; 95 % CI:
0.86-1.1; p = 0.63) and the observational studies (RR:
052; 95 % CI: 0.25-1.06; p = 0.07). Similarly, both the

ACE-I and ARB subgroups did not show any significant
reduction in the cardiovascular mortality.

Hospitalization (Table 2, Fig. 3)

With the use of RAS inhibitors, the randomized control
trials showed a trend toward lower rates of hospitalization
(RR: 0.93; 95 % CI: 0.86-1.01; p = 0.08), while the
observational studies did not show any significant reduc-
tion in hospitalization rates (RR: 0.97; 95 % CI: 0.77-1.21;
p = 0.76). On examining the individual subgroups among
the randomized control trials, while the ARB subgroup
showed a trend toward lower rates of hospitalization (RR:
0.94; 95 % CI: 0.86-1.0; p = 0.14), there was no signifi-
cant change in hospitalization rates with the use of ACE-I
(RR: 0.85; 95 % CI: 0.63-1.13; p = 0.26). Also, there was
no significant heterogeneity between the studies among the
randomized studies group and the individual subgroups of
ACE-Is and ARBs.

Discussion

In an effort to evaluate the effects of RAS inhibition on
HF-PEF, we performed a systematic review of the pub-
lished medical literature on the effects of RAS inhibitors on
patients with HF-PEF. While we found that regardless of
the study design, there was little evidence of reduced all-
cause or cardiovascular mortality, there was a trend toward
lower rates of hospitalization among patients on RAS
inhibitors, especially among the high-quality randomized
clinical trials. However, we observed significant hetero-
geneity between trials in the efficacy of RAS inhibitors to
improve outcomes. Much of this heterogeneity could be
explained by differences in the methodological quality of
the trials. Lower rates of hospitalization are an important
component of heart failure outcomes, as it has been shown
that readmission portends a significantly worse short- and
long-term prognosis [21].

Stiffening of the peripheral vasculature and the ventri-
cles with aging and hypertension has been implicated to
play a central role in the pathogenesis of HF-PEF [1, 22,
23]. As is the case with HF-REF, activation of the RAS has
been suggested as a contributor to HF-PEF development
[24]. Hence, tighter control of blood pressure by various
agents, including RAS inhibitors, potentially forms an
important part of the armamentarium of management of
HF-PEF. In addition, ACE-Is have been shown to addi-
tionally reduce arterial stiffness, independent of their blood
pressure lowering effect [25]. Thus, treatment strategies
with RAS inhibitors should have a favorable effect on
inhibiting the underlying pathophysiological process in
HF-PEF. While most studies included in our meta-analysis
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Potentially relevant articles identified and
screened for retrieval (n = 112)

Excluded after reading title/abstract as
did not satisfy inclusion criteria (n = 95)

A 4

[ Trials retrieved for more detailed evaluation (n = 17) ]

\

Excluded:

e Not evaluating outcomes of interest (n = 3)
e Meta-analysis (n = 1)
e Short duration of follow up (n = 1)

J
. . . N
Studies included for final analysis (n = 12):
e Randomized control trials (n = 5)
e Observational studies (n =7)
(prospective — 4, retrospective — 3) )

Fig. 1 PRISMA (preferred reporting items for systematic reviews
and meta-analyses) flow diagram of study selection

reported improved blood pressure control with the use of
RAS inhibitors, this reduction of blood pressure did not
translate into improved clinical hard end points. There are
several potential reasons for a lack of an effect.

First, it is conceivable that many of the patients included
in the clinical trials may not actually have chronic heart
failure. The diagnosis of HF-PEF is challenging and has

Table 2 Results of fixed-effects and random-effects models

been constantly evolving, with some authors even ques-
tioning the existence of a clinical picture of HF-PEF [26].
Initial clinical trials looking at HF-PEF enrolled patients
with a myriad of underlying clinical conditions; limited
systolic dysfunction due to limited myocardial infarction
and cardiac remodeling secondary to arterial hypertension,
obesity, and diabetes without evidence of coronary artery
disease [3]. Recent guidelines have focused on introducing
more stringent criterion for HF-PEF, with increasing
emphasis on evidence of diastolic dysfunction [27, 28].
Hence, newer studies, especially the -PRESERVE trial [4]
as compared to the relatively older CHARM-Preserved
study [3] enrolled patients with greater incidence of heart
failure due to hypertension (63 vs. 23 %), as compared to
an ischemic etiology (24 vs. 63 %). However, even the
I-PRESERVE inclusion criteria did not include abnormal
LV filling kinetics on mitral flow velocity Doppler. In
addition, there were variations between the cutoff ejection
fractions for the various studies, ranging from 40 to 50 %.
It is possible that the maximum benefit with the use of RAS
inhibitors may have been obtained in patients with prior
myocardial damage due to an ischemic etiology, resulting
in principally underlying systolic dysfunction with rela-
tively preserved ejection.

Second, while there is significant neurohormonal upreg-
ulation in HF-REF, the same degree of upregulation is not
present in HF-PEF. In majority of trials, many patients were
already taking other RAS-modifying agents, including
mineralocorticoid receptor antagonists, like spironolactone,

Study design No. of studies

Fixed-effects model

Random-effects model

RR (95 % CI) pvalue  I? (p value) RR (95 % CI) pvalue  Tau®
All-cause mortality
Randomized control trial 6 0.99 (0.88-1.12) 0.87 0 (0.99) 0.99 (0.88-1.12) 0.88 0
ARB 3 0.98 (0.86-1.12) 0.81 0 (0.99) 0.98 (0.86-1.12) 0.81 0
ACE-T 3 1.03 (0.73-1.46) 0.86 0 (0.81) 1.04 (0.73-1.47) 0.84 0
Observational 7 0.74 (0.67-0.82)  <0.001 73.3 % (0.001)  0.76 (0.62-0.93) 0.009 53 %
ACE-I 6 0.77 (0.69-0.87)  <0.001 74.8 % (0.001)  0.79 (0.62-0.99) 0.05 6.2 %
ACE-I/ARB 1 0.64 (0.5-0.81) <0.001 - 0.64 (0.5-0.81) <0.001 -
Cardiovascular mortality
Randomized control trial 5 0.97 (0.83-1.1) 0.6 0 (0.73) 0.97 (0.86-1.1) 0.63 0
ARB 3 0.98 (0.86-1.1) 0.81 0 (0.98) 0.98 (0.86-1.1) 0.81 0
ACE-I 2 0.57 (0.27-1.2) 0.15 0 (0.78) 0.58 (0.27-1.2) 0.15 0
Observational (ACE-I) 1 0.51 (0.25-1.1) 0.07 - 0.52 (0.25-1.06) 0.07 -
Hospitalization
Randomized control trial 6 0.94 (0.87-1.01) 0.07 0 (0.78) 0.93 (0.86-1.01) 0.08 0
ARB 3 0.93 (0.86-1.02) 0.12 0 (0.54) 0.94 (0.86-1.0) 0.14 0
ACE-I 3 0.84 (0.63-1.13) 0.24 0 (0.68) 0.85 (0.63-1.13) 0.26 0
Observational (ACE) 4 0.99 (0.86-1.14) 0.88 53.4 % (0.09) 0.97 (0.77-1.21) 0.76 3%
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Author (Year) Agent

Observational ACE-I

RR (95% Cl) % Weight

Philbin (1997) ACE-| < 0.65 (0.39, 1.07) 11.42
Philbin (2000) ACE-| o 0.59 (0.39, 0.89) 13.61
Dauterman (2001)  ACE-| R 1.07 (0.79, 1.46) 16.95
Ahmed (2002) ACE-| B — 1.08 (0.85, 1.38) 18.81
Triboouilloy (2008)  ACE - | e 0.79 (0.63, 1.00) 19.12

Shamagian (2006) ACE-|
Subtotal (I-squared = 74.8%, p = 0.001)

0.60 (0.49, 0.74) 20.10
0.79 (0.62, 1.00) 100.00

* > 1.06 (0.07, 16.25) 1.62
1.05 (0.74, 1.49) 97.18

RCT ACE-l

Zi (2003) Quinapril <
Cleland (2006) Perindopril

Yip (2008) Ramipril < ,g

\4

(
(
0.37 (0.02, 8.85) 1.20

(

Subtotal (l-squared = 0.0%, p = 0.814) <> 1.04 (0.73, 1.47) 100.00
Observational ACE-I/ARB
Sueta (2003) ACE-I/ARB —_— 0.64 (0.50, 0.81) 100.00
Subtotal (I-squared =.%, p =) - — 0.64 (0.50, 0.81) 100.00
RCT ARB
Yip (2008) Ibesartan € > 0.89(0.06,13.90)  0.23
Yusuf (2003) Candesartan —OI— 1.00 (0.82, 1.22) 43.22
Massie (2008) Ibesartan —_— 0.98 (0.82, 1.16) 56.55
Subtotal (I-squared = 0.0%, p = 0.985) <> 0.98 (0.86, 1.12) 100.00
NOTE: Weights are from random effects analysis
I I
0.3 1 3.0

Favors RAS Inhibitors

Favors Control

Fig. 2 Head-to-head comparison of renin-angiotensin system inhibitor (RAS-I) with control on the all-cause mortality. ACE-I angiotensin-
converting enzyme inhibitor, ARB angiotensin receptor blocker, RCT randomized control trial

and beta-blockers. In the I-PRESERVE trial [4], 40 % of
patients were using ACE-I, 29 % were using spironolactone,
and 73 % of patients were on beta-blockers. Similarly, in the
CHARM-Preserved study [3], about 19 % of patients were
using ACE-I, 12 % were on spironolactone, and 56 % were
on a beta-blocker. In the PEP-CHF study [2], 55 % of
patients were on beta-blockers, and 10 % were on low-dose
spironolactone. Based on these numbers, it appears that a
large proportion of patients were on multiple inhibitors of the
renin—angiotensin—aldosterone system (RAAS), which may
have left little room for incremental benefit from the addition
of another RAS inhibitor.

Third, the lack of efficacy of RAS inhibitors may be
linked to the patients’ baseline systolic and diastolic blood
pressures. In HF-REF, aggressive control of blood pressure
is recommended with blood pressure targets of <130/
80 mmHg, or better, <120/80 mmHg [29]. However,
multiple studies in HF-REF have suggested mortality has
either an inverse linear relationship or a J-shaped rela-
tionship with systolic blood pressure [30-33]. A recent
study comparing the hemodynamic responses to vasodila-
tor therapy in patients with HF-PEF and HF-REF found

@ Springer

that as compared to HF-REF, HF-PEF experienced greater
reductions in blood pressure, less enhancement of cardiac
output, and greater likelihood of stroke volume reduction
with vasodilators [34]. This may be particularly true in
heart failure patients with ejection fraction >50 %, where a
J-shaped relationship between systolic blood pressure and
mortality has been reported [33]. In addition, in the PEP-
CHF study, hypertensive patients with systolic blood
pressure >140 mmHg showed a greater benefit with the
use of perindopril. Conceivably, therefore, HF-PEF
patients with higher systolic blood pressures may exhibit
greater benefit, and consequently better outcomes, with the
use of RAS inhibitors.

Fortunately, two major randomized studies will be fur-
ther exploring the role of RAAS inhibitors in HF-PEF and
help clarify the role of RAAS inhibitors in HF-PEF. The
Treatment of Preserved Cardiac function heart failure with
an Aldosterone Antagonist (TOPCAT) will focus on the
effects of spironolactone in HF-PEF patients, with the
primary end point examining a composite of cardiovascular
mortality, aborted cardiac arrest, or hospitalization for the
management of heart failure, and secondary end points
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Author (Year) Agent RR (95% CI) % Weight

Observational ACE-I

Philbin (1997) ACE-| —_— 1.06 (0.72,1.57) 14.60

Philbin (2000) ACE-I| —_— 0.92 (0.67,1.26) 24.34

Dauterman (2001)  ACE-I T 1.14 (0.96, 1.36) 42.44

Shamagian (2006) ACE-I ‘ 0.67 (0.45,1.01) 18.62

Subtotal (l-squared =53.4%, p = 0.092) <> 0.99 (0.86, 1.14)  100.00

RCT ACE-I
Zi (2003) Quinapril < 0.42 (0.09, 2.04) 5.78
Cleland (2006) Perindopril —_—T 0.86 (0.63,1.17) 87.47
Yip (2008) Ramipril * 0.93 (0.30,2.83) 6.75
Subtotal (I-squared = 0.0%, p = 0.675) <>> 0.84 (0.63, 1.13)  100.00
RCT ARB
Yip (2008) Ibesartan 0.89 (0.31,2.59) 0.77
Yusuf (2003) Candesartan — 0.87 (0.74,1.02) 33.69
Massie (2008) Ibesartan - 0.97 (0.87,1.07) 65.54
Subtotal (l-squared = 0.0%, p = 0.544) <> 0.93 (0.86, 1.02) 100.00
T T
0.3 1 3.0

Favors RAS Inhibitors

Favors Control

Fig. 3 Head-to-head comparison of renin-angiotensin system inhibitor (RAS-I) with control on hospitalization for heart failure. ACE-
I angiotensin-converting enzyme inhibitor, ARB angiotensin receptor blocker, RCT randomized control trial

including quality of life, non-fatal cardiovascular events,
and new-onset atrial fibrillation [35]. The Aldo-DHF study
will test whether spironolactone will help improving
maximal exercise capacity (peak VO2, spiroergometry)
and diastolic function [36]. In addition, future studies
should focus on including more homogeneous patient
populations after excluding patients with underlying
ischemia, which may be contributing to systolic dysfunc-
tion with limited reduction in ejection fraction. The
inclusion parameters should not only include ejection
fraction cutoffs, but they should also incorporate the vari-
ous echocardiographic parameters which form the basis of
diagnosis of HF-PEF. Also, it may be worth exploring if
the benefits in clinical end points, including mortality and
hospitalization, correlate with changes in echocardio-
graphic parameters with the use of RAS inhibitors.

Limitations

This systematic review has several limitations. Although a
few of the studies included in the analysis were double-
blinded randomized controlled trials, many of the included
studies were of relatively poor quality. It is known that

studies with inadequate concealment of treatment alloca-
tion may overestimate the actual treatment effect [37].
Also, the results are subject to limitations inherent to any
meta-analysis based on pooling of data from different trials
with different inclusion criteria, different designs, variable
follow-up duration with differing attrition rates, and dif-
ferent patient populations. As in other meta-analyses, given
the lack of data in each trial, we did not adjust our analyses
for compliance to assigned therapy. In addition, the doses
of the RAS inhibitors in the different studies were different
and may not have achieved adequate or equipotent RAS
blockade.

Conclusion

In spite of the small reduction in hospitalization rates,
especially with the use of ACE-Is and a trend toward
decreased mortality, the inconsistency of the results
between the studies along with the negative results of the
larger trials allow no firm conclusions on therapy in
patients with HF-PEF. For now, treatment of these patients
should empirically focus on strict blood pressure control
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and paying attention to the other comorbidities often found
in this patient population. Whether or not RAS inhibitors
should be used as first-line drugs remains to be determined.
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