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Abstract

The beneficial impacts of various drugs on long-term outcomes in patients with heart failure with preserved
ejection fraction (HFpEF) have been a matter of controversy. The aim of this meta-analysis was

to systematically review randomized control trials (RCTs) involving patients with heart failure with
preserved left ventricular ejection fraction (LVEF) and identify the effects of various treatment options
[angiotensin-converting enzyme (ACE) inhibitors, beta-blockers, angiotensin receptor blockers, and
aldosterone receptor blockers] on all-cause mortality, cardiovascular mortality, and hospitalization due to
cardiovascular reasons. The current meta-analysis has been conducted as per the Preferred Reporting Items
of Systematic Reviews and Meta-Analyses (PRISMA) guidelines. A comprehensive literature search was
performed without any restrictions on language by using the electronic databases Cochrane Library,
EMBASE, and PubMed up to July 20, 2022. The outcomes assessed in this meta-analysis included all-cause
mortality, cardiovascular mortality, and hospitalization due to cardiovascular reasons. Overall, 10 articles
were included in the current meta-analysis with a pooled sample size of 13,336 patients with HFpEF. In
comparison to the placebo, among all four pharmacological agents, beta-blockers were the only agent that
decreased the risk of all-cause mortality and cardiovascular outcomes. On the other hand, a significant
reduction in hospitalization due to cardiac-related reasons was reported in patients on ACE inhibitors as
compared to placebo. No other pharmacological agent had an impact on hospitalization due to cardiac-
related reasons. The current meta-analysis indicates the possible benefits of beta-blockers in HFpEF in terms
of reducing cardiovascular death and all-cause mortality.

Categories: Cardiac/Thoracic/Vascular Surgery, Cardiology, Public Health
Keywords: cardiovascular mortalit, all-cause mortality, cardiovascular outcomes, meta-analysis, heart failure with
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Introduction And Background

Heart failure is a leading cause of hospitalization and it is associated with an increased burden on
healthcare overall [1]. Heart failure with preserved left ventricular (LV) ejection fraction (HFpEF) is defined
as the presence of heart failure without any evidence of decreased LV ejection fraction [2]. The prevalence of
HFpEF is on the rise and it is associated with increased hospitalization rates [3]. Despite several advances in
its management, numerous studies on patients with chronic heart failure have shown that this syndrome
carries high mortality and morbidity rates [4].

Although evidence from trials demonstrating improvements in mortality has been inconsistent and largely
neutral, several trials have suggested that drug therapy may improve exercise tolerance and quality of life in
these patients [5]. Since patients with heart failure with preserved left ventricular ejection fraction (LVEF)
are more likely to be older and tend to have more comorbidities compared to their counterparts [6], the
effects of drug treatment might best be assessed by their impact on hospitalization and symptoms as well.

A randomized control trial (RCT) was conducted by Aronow et al. in 1997 to analyze the impact of
propranolol (beta-blocker) on the risk of nonfatal myocardial infarction and mortality in patients with
HFpEF. The study concluded that the risk of nonfatal myocardial infarction and mortality was lower in
patients receiving propranolol as compared to patients in the placebo group [7]. On the other hand, the
PARAGON trial found that the use of angiotensin receptor-neprilysin inhibitors in patients with HFpEF did
not lead to any significant reduction in cardiovascular mortality and hospitalization as compared to the
placebo group [8]. Due to inconsistent or lack of adequate evidence regarding the benefits of drugs in
patients with HFpEF, it is important to review all the available treatment options to compare their efficacy
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in order to prevent severe outcomes in patients with HFpEF.

There is a need to comprehend how the effectiveness of these individual treatments and various
combinations compare in terms of all-cause mortality and cardiovascular mortality. Given that the majority
of trials on HFpEF have compared newer agents to placebo, alternative background treatments as
recommendations have evolved. In this current meta-analysis, we aimed to systematically review RCTs
involving patients with heart failure with preserved LVEF and identify the effects of various treatment
options [angiotensin-converting enzyme (ACE) inhibitors, beta-blockers, angiotensin receptor blockers, and
aldosterone receptor blockers] on all-cause mortality, cardiovascular mortality, and hospitalization due to
cardiovascular reasons.

Review
Methodology

The current meta-analysis has been conducted as per the Preferred Reporting Items of Systematic Reviews
and Meta-Analyses (PRISMA) guidelines.

Data Sources and Searches

A comprehensive literature search was performed without any restrictions on language by using the
electronic databases Cochrane Library, EMBASE, and PubMed up to July 20, 2022. In addition, bibliographies
of relevant meta-analyses and studies were also searched. The search strategy included a combination of the
following keywords: “heart failure with preserved ejection fraction”, “beta-blockers”, “ACE inhibitors”,
“angiotensin receptor blocker”, “aldosterone receptor blockers”, “randomized control trial”, “cardiovascular
outcomes”, and “mortality”. The EndNote software version X9 was used throughout the search and the
screening process. Firstly, all searched articles were reviewed and duplicates were removed, which was
followed by a title and abstract screening of the remaining articles. Finally, full texts of all the eligible
studies were obtained and screened for inclusion and exclusion criteria. No restrictions were placed on the
year and language of publication.

Study Selection

The literature search was carried out by two authors independently. In case of any disagreement, a
consensus was reached through discussion. A study was eligible if the following criteria were fulfilled: (a)
RCTs evaluating the effect of ACE inhibitors, beta-blockers, angiotensin receptor blockers, and aldosterone
receptor blockers; (b) studies assessing at least one of the following three outcomes - all-cause mortality,
cardiovascular mortality, and hospitalization due to cardiovascular reasons. Trials with a follow-up period of
less than one month were excluded. Studies conducted on healthy volunteers or individuals with diseases
other than HFpEF were also excluded. Lastly, studies that compared different doses of drugs were excluded
from the current meta-analysis.

Data Extraction

An electronic data extraction form was created on Microsoft Excel and used for documenting basic data such
as the first author's name, year of publication, intervention, the sample size in each group, follow-up
duration, and outcomes. Two authors independently extracted the data and the data of both authors were
compared. In case of any disagreement, a consensus was reached via discussion. If required, a third author
was also involved in it.

Quality Assessment

The Cochrane Risk of Bias tool was utilized for assessing the methodological validity of all included studies.
Chosen articles were scored while extracting data and RevMan version 5.4.0 was utilized to generate a
quality assessment graph.

Data Analysis

Data analysis was performed using RevMan version 5.4.0 and STATA version 16.0. The Mantel-Haenszel
method fixed or random effect model was used for estimating pooled risk ratio along with the 95%
confidence interval (CI) for each of the three outcomes. A p-value <0.05 was considered statistically
significant. RCTs with no outcomes events reported in the study groups were excluded from the analysis of
that outcome event as they did not contribute to the risk ratio. Forest plots were used to present the risk
ratio graphically along with 95% CI. 12 statistics were used to determine the heterogeneity between study
results.

Results
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The PRISMA chart of the selection of studies is shown in Figure 1. Overall, 435 studies were identified
through a systematic search using online databases. After removing duplicates, abstract and title screening
of 398 studies were done. Only 52 studies were eligible for full-text review. Finally, 10 articles were included
in the current meta-analysis. Table I shows the characteristics of all included studies, involving 13,336
patients with HFpEF. Four articles assessed the efficacy of beta-blockers [7,9-11], two assessed ACE

inhibitors [12-13], two assessed angiotensin receptor blockers [14-15], and two assessed aldosterone receptor
blockers [16-17]. The mean follow-up period in all included studies ranged from six months to 49.5 months.
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l
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/
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FIGURE 1: PRISMA flowchart of selection of studies

PRISMA: Preferred Reporting Items for Systematic Reviews and Meta-Analysis
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Study Year
Aronow et al. [7] 1997
Bergstrom et al. [9] 2004
van Veldhuisen et al. [10] 2009
Yamamoto et al. [11] 2014
Cleland et al. [12] 2006
Davis et al. [13] 2008
Yusuf et al. [14] 2003
Massie et al. [15] 2008
Edelmann et al. [16] 2013
Pitt et al. [17] 2014

Interventions Drug
Beta-blockers Propranolol
Placebo

Beta-blockers Carvedilol
Placebo

Beta-blockers Nebivolol
Placebo

Beta-blockers Carvedilol
Placebo

ACE Inhibitors Perindopril

ACE Inhibitors

ACE Lisinopril
Placebo

Angiotensin receptor blocker Candesartan
Placebo

Angiotensin receptor blocker Irbesartan
Placebo

Aldosterone receptor blocker Spironolactone
Placebo

Aldosterone receptor blocker Spironolactone
Placebo

TABLE 1: Characteristics of included studies

ACE: angiotensin-converting enzyme

Sample size

79
79
47
50
320
323
120
125
424

426

227
1,514
1,509
2,067
2,061
213
209
1,722

1,723

Follow-up

30 months

6 months

24 months

36 months

12 months

20 months

36 months

49.5 months

12 months

40 months

Risk of Bias Assessment and Publication Bias

Figure 2 shows the risk of bias graph. Among 10 included studies, six had a low risk of bias and two had a
moderate risk of bias. The remaining two studies had a high risk of bias.

Blinding of participants and personnel (performance hias)

Random sequence generation (selection bias)

Allocation concealment (selection bias)

Blinding of outcome assessment (detection bias)
Incomplete outcome data (attrition bias)
Selective reporting (reporting bias)

Other bias

0%

25%

50%

75%

100%

- Low risk of hias D Unclearrisk of bias

[l Hiah risk of bias

FIGURE 2: Risk of bias assessment
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Efficacy Outcomes

Eight trials involving 10,313 participants provided the outcome data for all-cause mortality [7,10-13,15-17].
The detailed pairwise comparison of each of the treatment groups with placebo for all-cause mortality is
shown in Figure 3. In comparison to the placebo, among all four pharmacological agents, beta-blockers were
the only agent that significantly reduced the risk of all-cause mortality. The risk of all-cause mortality was
21% lower in patients who received beta-blockers as compared to patients who received placebo (RR: 0.79,
95% CI: 0.66-0.96).

Beta blockers Placebo Risk Ratio Risk Ratio
St or Su ou Events _ Total Events Total Weight M.H. Random, 95% CI M.H, Random, 95% CI
Aronow et al, 1997 [7] 44 79 60 79 65.0% 0.73[0.58,0.93) —;—
Veldhuisen et al, 2009 [10] 44 320 48 323 245% 093063, 1.35) s
Yamamolo et al, 2014 [11) 18 120 n 125 105% 0.89 (0.50,1.59) -
Total (95% CI) 519 527 100.0% 0.79 [0.66, 0.96) -
Total events 106 129
Heterogeneity: Tau®= 000, Chi*= 1.47, df= 2 (P = 0.48), F= 0% 05 07 5
Testfor overall effect Z= 243 (P=0.02) Beta blockers Placebo
ACE inhibitors Placebo Risk Ratio Risk Ratio
Events Total Events Total M-H, Random, 95% C1 M-H, Random, 95% CI
Cleland et al, 2006 [12] 120 424 125 426 583% 096([0.78,1.19]
Davis et al, 2008 [13] 35 ag 60 227 41.7% 1.35[0.96, 1.90]
Total (95% CI) 522 653 100.0% 1.11[0.80, 1.54]
Total events 155 185
Heterogeneity Tau"= 0.04; ChP= 269, df=1 (P = 0.10); P= 63% +
Test for overall effect Z=0.63 (P =053 o Agl:, mmmmrs1 Placebo e 1oe
ARB Placebo Risk Ratio Risk Ratio
Study or Subgr Events Tolal Evenls Tolal Wei M-H, Random, 95% CI M-H, Random, 95% CI
Massie el al, 2008 [15] 221 2067 226 2061 100.0% 0.98[0.82,1.16]
Total (95% CI) 2067 2061 100.0% 0.98(0.82, 1.16]
Total events 2 226
Heterogeneity. Not applicable T
Test for overall effect Z=0.28 (P = 0.78) oo o ARBIFI:]:EK)D e 1o
Aud. receptor blockers Placebo Risk Ratio Risk Ratio
St or Events Total Events Total We M-H, Random, 95% CI M-H, Random, 95% CI
Edelmann et al, 2013 [186) 1 n3 0 209 0.2% 294[0.12,71.886)
Pitetal, 2014 17] 252 1722 274 1723 998% 0.92(0.79,1.08]
Total (95% CI) 1935 1932 100.0% 0.92 [0.79, 1.08]
Total events 253 274
Heterogeneity. Tau®= 0.00, Chi*= 0.51, df= 1 (P = 0.48), "= 0% + J
Test for overail effect Z= 1.00 (P = 0.32) s . T 108

FIGURE 3: Pairwise comparison of each of the treatment groups with
placebo for all-cause mortality*

*[7,10-13,15-17]

The figure depicts individual and pooled estimates of risk ratio along with their 95% CI for all-cause mortality for

various therapies including beta-blockers, ACE inhibitors, angiotensin receptor blockers, and aldosterone receptor
blockers

ALDB: aldosterone receptor blockers; ARB: angiotensin receptor blockers; ACE: Angiotensin-converting enzyme

Five RCTs assessed the impact of pharmacological agents on cardiovascular mortality among patients with
HFpEF [7,10-12,14,17]. A total of 8,206 patients were enrolled in these five trials. Cardiovascular mortality
was 33% lower in the beta-blockers group as compared to patients in the placebo group (RR: 0.67, 95% CI:
0.46-0.98). On the other hand, no significant impact of ACE inhibitors, angiotensin receptor blockers, and
aldosterone receptor blockers was seen on cardiovascular mortality compared with controls, as shown in
Figure 4.
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Beta blockers Placebo Odds Ratio Odds Ratio
Study of Subgroup Events Total Events Total Weight M-H, Fixed, 95% Cl M-H. Fixed, 95% CI
Aronow et al, 1997 (7] 40 79 56 79 420% 0.42 [0.22, 0.81) —_-—
Veldhuisen et al, 2009 [10] 28 320 35 323 483% 0.79[0.47,1.33)
Yamamoto et al, 2014 [11] 8 120 7 125 97% 1.20[0.42,3.43) —_—
Total (95% CI) 519 527 100.0% 0.67 [0.46, 0.98] -
Total events 76 98
Heterogeneity: Chi"=350,df=2(P=017),F= 43% '0 o1 D,l 4 NJO'
Testfor overall effect Z= 2.04 (P=0.04) Beta-blockers  Placebo
ACE inhibitors Placebo Risk Ratio Risk Ratio
Study or Subgroup Events Total Events Total Weight M-H. Random, 95% CI M-H, Random, 95% CI
Cleland et al, 2006 [12] 17 424 19 426 100.0% 0.90[0.47,1.71)
Total (95% CI) 424 426  100.0% 0.90 [0.47, 1.71])
Total events 17 19
Heterogeneity. Not applicable
Test for overall effect Z= 0.33 (P=0.74) ol AD;E Inhbitors L Placebo 29 109
Angiotensin receptor blocker Placebo Risk Ratio Risk Ratio
__Study or Subgroup Events Total Events Total it M-H. Random, 95% C1 M-H, Random, 95% €1
Yusuf et al, 2003 [14] 163 1514 196 1509 100.0% 0.83[0.68, 1.01]
Total (95% C1) 1514 1509 100.0% 0.83[0.68, 1.01)
Total events 163 196

Heterogeneity. Not applicable

5 0 i ]

Testfor averall effect Z= 1,88 (P = 0.06) Angioténsin receptor blocker Placabo

Ald. receptor blockers Placebo Risk Ratio Risk Ratio
St or Events Total Events Total Wi M-H. Random. 95% CI M-H. Random. 95% CI1
Pitetal, 2014 [17] 160 1722 176 1723 1000% 0.91(0.74, 1.11) —
Total (95% CI) 1722 1723 100.0% 0.91[0.74, 1.11] ——cemEEm—
Total events 160 176
Heterogeneity. Not applicable + % + +
Testfor overall effect Z= 0.91 (° = 0.36) 0.7 0.85 12 15

Aldosterone receplor blocker Control

FIGURE 4: Pairwise comparison of each of the treatment groups with
placebo for cardiovascular mortality*

*7,10-12,14,17]

The figure depicts individual and pooled estimates of risk ratio along with their 95% ClI for cardiovascular mortality

for various therapies including beta-blockers, ACE inhibitors, angiotensin receptor blockers, and aldosterone
receptor blockers

ALDB: aldosterone receptor blockers; ARB: angiotensin receptor blockers; ACE: angiotensin-converting enzyme

Eight RCTs assessed the impact of pharmacological agents on hospitalization due to cardiac issues among
patients with HFpEF. No effect of beta-blockers, angiotensin receptor blockers, and aldosterone receptor
blockers was seen on hospitalization due to cardiac-related reasons, as shown in Figure 5. However, lower
hospitalization due to cardiac reasons was observed in patients receiving ACE inhibitors (RR: 0.64, 95% CI:
0.43-0.97).
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Beta blockers Placebo Risk Ratio Risk Ratio
Study or Subgroup Events  Total Events Total Weight M-H. Fixed. 95% C1 M-H. Fixed. 95% C1
Bergstrom et al, 2004 (9] 4 47 2 50 20% 2.13[0.41,11.08]

Veldhuisen et al, 2009 [10] 48 320 50 323 51.4% 097 [0.67,1.40]
Yamamoto et al, 2014 {11] 31 120 46 125 466%  0.70(0.48,1.03]
Total (95% C) 487 498 100.0% 087 [0.67, 1.12]

Total events 83 98
Heterogeneity. Chi*= 2,68, df= 2 (P = 0.26), P = 25%
Testfor overall effect Z=1.07 (P = 0.28)

01 02 05 1 2 5 10
Beta blockers Placebo

ACE inhibitors Placebo Risk Ratio Risk Ratio
_Study or Subgroup Events Total Events Total Weight M.H. Random, 95% CI M.H, Random, 95% CI
Cleland et al, 2006 [12] 34 424 53 426 100.0% 0.64 [0.43, 0.97]
Total (95% CI) 424 426 100.0% 0.64 [0.43,0.97] -
Total events 34 53
Heterogeneity. Not applicable
Testfor overall effect Z= 2.10 (P = 0.04) oo ACE Inhibitors  Placsbo oo
ARB Placebo Risk Ratio Risk Ratio
Study or S ou Events Total Events Total it M-H. Random, 95% CI M-H. Random, 95% CI
Massie et al, 2008 [15] 521 2067 537 2061 66.2% 0.97 [0.87,1.07) —
Yusuf et al, 2003 [14] 241 1514 276 1509 33.8% 0.87 [0.74,1.02) ——
Total (95% CI) 3s81 3570 100.0% 0.93 [0.85, 1.03] i
Total events 762
Heterogeneity: Tau™= 0.00, Chi*=1.21,dl=1 (P=0.27),F=17% YT VIR
Testfor overall effect Z=1.38 (P=0.17) ARB Placebo
ALRB Placebo Risk Ratio Risk Ratio

Events Total Events Total
Edelmann et al, 2013 [18] 21 n3 15 208 298% 1.37[0.73,259]

M_H. Random. 95% CI

Pitetal, 2014 [17] 206 1722 245 1723 70.2% 084[0.71,1.00)

Total (95% CI} 1935 1932 100.0% 0.97 [0.63, 1.51]

Total events 227

Heterogeneity. Tau®= 0.06, Chi*= 2.14,df= 1 (P = 0.14), "= 53% 0“5 D.? i |‘5
Testfor overall effect Z=0.12 (P = 0.91) ALRB Placebo

FIGURE 5: Pairwise comparison of each of the treatment groups with
placebo for hospitalization due to cardiac issues*

*9-12,14-17]

The figure depicts individual and pooled estimates of risk ratio along with their 95% CI for hospitalization due to

cardiac issues for various therapies including beta-blockers, ACE inhibitors, angiotensin receptor blockers, and
aldosterone receptor blockers

ALDB: aldosterone receptor blockers; ARB: angiotensin receptor blockers; ACE: Angiotensin-converting enzyme

Discussion

Based on our comprehensive meta-analysis of the available RCTs, beta-blockers are associated with a
significant reduction in cardiovascular mortality and all-cause mortality in patients with HFpEF. However,
ACE inhibitors, angiotensin receptor blockers, and aldosterone receptor blockers did not show any
significant impact on all-cause mortality and cardiovascular mortality in the current meta-analysis. The
impact of beta-blockers on mortality showed favorable outcomes in HFpEF patients. Similar results

have been shown in a meta-analysis conducted by Liu et al. including both observational studies and
previous meta-analyses [18].

The pathophysiology of HFpEF is heterogeneous, with several individual mechanisms coexisting within the
same individual to cause symptomatic heart failure. Possible pathophysiological mechanisms include (a)
thickness of the LV wall and/or expansion of the left atrium, both signs of increased ventricular filling
pressure, (b) pulmonary vascular dysfunction or disease and failure of the right ventricle, and (c) plasma
volume expansion [19-20]. The beta-blocker administration has been reported to have beneficial impacts on
LV hypertrophy and fibrosis in an animal model of hypertensive diastolic heart failure [21]. The beneficial
impacts of beta-blocker on LV hypertrophy and fibrosis may positively impact HFpEF because fibrosis and
hypertrophy of left ventricles can contribute to the pathogenesis of HFpEF [22]. Finally, the protective
effects of beta-blockers on oxidative stress and inflammation may increase the longevity of HFpEF [23]. One
experimental study on hypertensive diastolic heart failure in a rat model found that the treatment with
beta-blockers (bisoprolol) reduced inflammatory alterations and oxidative stress, which increased survival
rates [24].

The European Society of Cardiology guidelines state that it is important to decrease the burden of
readmission for patients with HFpEF [25]. Because patients with HFpEF are more likely to be older than those
with heart failure with reduced ejection fraction (HFrEF), they have a higher burden of hospitalization for
cardiac reasons, which is associated with a lower quality of life and a higher mortality rate [26]. In one of the
studies included in the current meta-analysis, ACE inhibitor (perindopril) was significantly associated with
decreased risk of hospitalization compared to placebo.

Choosing efficient medical therapies for HFpEF patients remains a major challenge for physicians. In this
meta-analysis, we found that ACE inhibitors, angiotensin receptor blockers, and aldosterone receptor
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blockers failed to decrease the risk of mortality in these patients. The study conducted by Aronow et al.
showed a positive result in decreasing mortality in patients with LVEF >40% [7]. Moreover, the renin-
angiotensin-aldosterone system (RAAS) is usually the foundation of the evidence-based treatments to
reduce mortality and morbidity in HFrEF patients [27], but there is no concrete evidence to suggest that they
can improve the prognosis of these patients [28]. Hence, medications focused on this pathway will not
improve mortality as RAAS activity is lower in HFpEF. Instead, the pathophysiology of HFpEF is primarily
driven by tissue congestion brought on by elevated heart-filling pressures [29].

The current meta-analysis has certain limitations. Firstly, no data were available comparing different
therapies with each other, and hence we were not able to compare the therapies with each other. Secondly,
HFpEF is defined as heart failure in patients with LVEF of less than 50%. However, in some trials on HFpEF,
patients with LVEF of 40-49% were usually included. Thirdly, risk ratios were used to determine the
association as only a small number of studies reported hazard ratios (HR), which may cause bias associated
with comparing outcomes in RCTs of various lengths. In the future, more RCTs need to be conducted

with stringent criteria (ejection fraction of >50%) that compare different therapies with each other in terms
of different outcomes including functional ability and quality of life along with cardiovascular outcomes in
patients with HFpEF.

Conclusions

As per our meta-analysis of RCTs involving patients with HFpEF, beta-blockers were found to decrease
cardiovascular mortality and all-cause mortality. However, no significant effect of angiotensin receptor
blockers, aldosterone receptor blockers, and ACE inhibitors on cardiovascular mortality and all-cause
mortality was reported. Further studies need to be conducted to compare the efficacy of different
pharmacological therapies in reducing cardiovascular events in patients with HFpEF.
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