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Abstract

Aims Sacubitril‐valsartan has been shown to have superior effects over angiotensin‐converting enzyme inhibitors and angio-
tensin receptor blockers in patients with heart failure (HF) and hypertension. The efficacy and safety of sacubitril‐valsartan in
patients with HF are controversial. We performed a meta‐analysis of randomized controlled trials to assess and compare the
effect and adverse events of sacubitril‐valsartan, valsartan, and enalapril in patients with HF.
Methods and results We conducted a systematic search using PubMed, Embase, the Cochrane Library, and ClinicalTrials.gov.
Randomized controlled trials involving the use of sacubitril‐valsartan in patients with HF were included. We assessed the
pooled odds ratio (OR) of all‐cause mortality, cardiovascular mortality, and hospitalization for HF in fixed‐effects models
and the pooled risk ratio (RR) of symptomatic hypotension, worsening renal function, and hyperkalaemia in fixed‐effects
models. Of the 315 identified records, six studies involving 14 959 patients were eligible for inclusion. Sacubitril‐valsartan re-
duced the endpoints of all‐cause mortality and cardiovascular mortality in patients with HF with reduced ejection fraction
(HFrEF) in three trials with pooled ORs of 0.83 (P = 0.0006) and 0.78 (P < 0.0001), respectively. Regarding the composite out-
come of hospitalization for HF in five trials, the pooled OR was 0.79 (P < 0.00001). Compared with enalapril or valsartan,
sacubitril‐valsartan was associated with a high risk of symptomatic hypotension (RR 1.47, P < 0.00001), low risk of worsening
renal function (RR 0.81, P = 0.005), and low rate of serious hyperkalaemia (≥6.0 mmol/L) (RR 0.76, P = 0.0007) in all six trials.
Conclusions Compared with angiotensin‐converting enzyme inhibitors or angiotensin receptor blockers, sacubitril‐valsartan
significantly decreased the risk of death from all causes or cardiovascular causes in HFrEF and hospitalization for HF in both
patients with HFrEF and HF with preserved ejection fraction. Sacubitril‐valsartan reduced the risk of renal dysfunction and se-
rious hyperkalaemia but was associated with more symptomatic hypotension.
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Introduction

Heart failure (HF) is a complex clinical syndrome that results
from any structural or functional impairment of ventricular fill-
ing or ejection of blood.1 HF affects more than 23million peo-
ple worldwide.2 Approximately 50% of people diagnosed with
HF die within 5 years,1,3 and HF has become the most frequent
reason for hospitalization and rehospitalization among elderly
people.1,4 Despite the use of angiotensin‐converting enzyme
(ACE) inhibitors, angiotensin receptor blockers (ARBs), β‐
blockers, and mineralocorticoid receptor antagonists,5 which

can partially attenuate left ventricular (LV) dilation and remod-
elling in HF, the morbidity andmortality of patients remain un-
acceptably high.6

Sacubitril‐valsartan is a first‐in‐class angiotensin receptor
neprilysin inhibitor that has been used in both HF and hyper-
tension. This neprilysin inhibitor has vasodilating effects and
facilitates sodium excretion,7 and when combined with the in-
hibition of the renin‐angiotensin system, it has superior effects
over ACE inhibitors or ARBs alone.8,9 In the PARADIGM‐HF
trial, sacubitril‐valsartan significantly reduced the pooled end-
points of all‐cause mortality, cardiovascular death, and
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hospitalization for HF compared with enalapril for HF with re-
duced ejection fraction (HFrEF).10,11 However, several studies
have shown that sacubitril‐valsartan did not result in signifi-
cantly lower rates of rehospitalization for HF,9,12,13 death from
cardiovascular causes,12–14 and death from all causes,9,12–14

especially in HF with preserved ejection fraction (HFpEF). Al-
though the risk of serious angioedema from neprilysin inhibi-
tion has been minimized, major adverse events, including
hypotension, worsening renal function, and hyperkalaemia,
have been shown to be heterogeneous in different random-
ized controlled trials (RCTs).

In the current paper, we performed a meta‐analysis to an-
alyse the comprehensive outcomes of RCTs of HF in which
sacubitril‐valsartan was compared with renin‐angiotensin‐
aldosterone system (RAS) inhibitors alone.

Methods

Data sources and search strategy

We conducted a systematic search using PubMed, Embase,
the Cochrane Library, and ClinicalTrials.gov from inception to
21November 2019. We searched for studies withmedical sub-
ject heading terms and text, including ‘Heart Failure’ or ‘Car-
diac Failure’ or ‘Heart Decompensation’ or ‘Decompensation,
Heart’ or ‘Heart Failure, Right‐Sided’ or ‘Heart Failure, Right
Sided’ or ‘Right‐Sided Heart Failure’ or ‘Right Sided Heart Fail-
ure’ or ‘Myocardial Failure’ or ‘Congestive Heart Failure’ or
‘Heart Failure, Congestive’ or ‘Heart Failure, Left‐Sided’ or
‘Heart Failure, Left Sided’ or ‘Left‐Sided Heart Failure’ or ‘Left
Sided Heart Failure’ and ‘LCZ 696’ or ‘LCZ696’ or ‘LCZ‐696’ or
‘sacubitril’ or ‘sacubitril‐valsartan’ or ‘entresto’. We searched
for RCTs using the search filters from McMaster University.
We also searched the corresponding references of each re-
trieved study. This meta‐analysis was conducted and per-
formed by following the Preferred Reporting Items for
Systematic Reviews andMeta‐Analyses (PRISMA) guidelines.15

Selection criteria

The efficacy and safety outcomes of sacubitril‐valsartan
were compared with those of ACE inhibitors or ARBs in all
RCTs. The following inclusion criteria were used: (i) RCTs
with a sacubitril‐valsartan (Sac/Val) group and a control
group; (ii) RCTs including chronic or haemodynamically sta-
ble patients with acute HF; and (iii) RCTs analysing primary
efficacy outcomes, including death from cardiovascular
causes, death from any cause, hospitalization for HF, and
key adverse events, including symptomatic hypotension,
worsening renal function, hyperkalaemia, and angioedema.
The exclusion criteria were as follows: (i) duplicated papers
related to the same trial; (ii) studies, such as systemic

reviews, comments, case reports, conference abstracts, edi-
torials, observational cohort studies, and real‐world studies;
and (iii) incomplete RCTs or RCTs failing to report the out-
comes of interest.

Data extraction and quality assessment

The data extraction and quality assessments of the studies
were performed independently by two reviewers. The data
included the baseline characteristics of the trials, interven-
tions, comparisons, sample size, medication, and follow‐up
duration. The outcomes included death from any cause,
death from cardiovascular causes, hospitalization for HF,
symptomatic hypotension, renal dysfunction, hyperkalaemia,
serious hyperkalaemia, and angioedema. The two reviewers
cross‐checked the data. Inconsistencies were resolved by dis-
cussion or referral to a third author (W. Q. H.).

Risk of bias assessment

The methodological quality of the six included RCTs was
assessed by using the Cochrane Collaboration Risk of Bias
Tool (Review Manager 5.3), which included the following sec-
tions: selection, performance, detection, attrition, reporting,
and other biases.

Statistical analysis

The statistical analyses were performed by using ReviewMan-
ager Version 5.3.3 (Copenhagen: The Nordic Cochrane Centre,
The Cochrane Collaboration, 2014). The efficacy and safety
outcomes were measured as dichotomous outcome variables
and compared between the sacubitril‐valsartan group and the
control group. The pooled odds ratio (OR) or risk ratio (RR)
and the corresponding 95% confidence interval (CI) were col-
lected in the comparative analyses. We assessed heterogene-
ity by using the I2 test and Cochran’s χ2 test. The total
variation in the studies was described by the I2 statistic, which
reflected heterogeneity. An I2 ≥ 50% or a corresponding
P< 0.10 indicated significant heterogeneity among the differ-
ent studies. When I2 < 50% and P > 0.10, we report the re-
sults of fixed‐effects models as sensitivity analyses. All P‐
values were two‐tailed, with statistical significance specified
at 0.05 and confidence intervals (CIs) reported at the 95%
level. When I2 > 45%, a sensitivity analysis was further per-
formed by sequentially deleting each study and reanalysing
the datasets of all remaining studies.
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Results

Description of the study selection process and
study characteristics

The flow diagram of study selection is shown in Figure 1. The
initial search identified 315 records after removing duplicate
records. The full texts of 46 articles were reviewed in detail,
and 40 articles were further excluded because the papers
were related to the same trials (n = 17), did not meet the in-
clusion criteria (n = 13), did not include real RCTs (n = 7), or
had no outcomes of interest (n = 3). Finally, six double‐blind
RCTs with 14 959 participants were included in our meta‐
analysis.9,11–14,16

Supporting Information, Table S1 shows the baseline char-
acteristics of the included studies. All studies reported pri-
mary efficacy outcomes or key adverse events, including
cardiovascular mortality, all‐cause mortality, hospitalization
for HF, symptomatic hypotension, worsening renal function,
hyperkalaemia and serious hyperkalaemia, and angioedema.
The sample sizes of the trials ranged from 118 to 8399 pa-
tients, and the follow‐up durations ranged from 8 weeks to
35 months. The risk of bias was assessed in the six studies
and generally found to be low in each study (Supporting
Information, Figure S1).

Primary efficacy outcomes

To assess the primary outcome, five trials were included in
the meta‐analysis. The estimated results of the primary effi-
cacy outcomes of death from all causes, deaths from cardio-
vascular causes and hospitalization for HF are presented in
Figures 2 and 3.

The composite risks of death from all causes and cardiovas-
cular diseases were numerically lower in the patients with
HFrEF receiving sacubitril‐valsartan. Regarding the outcome
of all‐cause mortality, the pooled OR based on three
studies11,12,14 was 0.83, 95% CI 0.74–0.92, P = 0.0006
(P = 0.64 for heterogeneity; I2 = 0%). The OR of cardiovascular
mortality based on three studies was 0.78, 95% CI 0.69–0.88,
P < 0.0001 (P = 0.43 for heterogeneity; I2 = 0%). There were
no significant differences in all‐cause mortality and cardiovas-
cular mortality between the sacubitril‐valsartan group and the
control group among the patients with HFpEF9,13 (Figure 2).

Compared with enalapril or valsartan, sacubitril‐valsartan
reduced the composite risk of hospitalization for HF by 21%
based on five studies,9,11–14 and the pooled OR was 0.79,
95% CI 0.72–0.85, P < 0.00001 (P = 0.51 for heterogeneity;
I2 = 0%). The subgroup analyses showed that the use of
sacubitril‐valsartan had a similar benefit in reducing the com-
posite risk of hospitalization for HF in patients with HFrEF and
patients with HFpEF (Figure 3).

FIGURE 1 Study search diagram adapted from the Preferred Reporting Items for Systematic Reviews and Meta‐Analyses (PRISMA) statement. RCTs,
randomized controlled trials.
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FIGURE 2 Data of the comparative analysis for the effective outcomes of all‐cause mortality and cardiovascular mortality in different patients with HF.
HF, heart failure; HFpEF, heart failure with preserved ejection fraction; HFrEF, heart failure with reduced ejection fraction; Sac/Val, sacubitril‐valsartan.

FIGURE 3 Data of the comparative analysis for the effective outcomes of hospitalization for heart failure. Hospitalization for heart failure was defined
as the first hospitalization for worsening heart failure in the PARADIGM‐HF, PARAMOUNT‐HF, PIONEER‐HF, and PRIME studies but not the
PARAGON‐HF study, which included the first hospitalization and hospitalizations for recurrent events. HFpEF, heart failure with preserved ejection frac-
tion; HFrEF, heart failure with reduced ejection fraction; Sac/Val, sacubitril‐valsartan.
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Adverse events of interest

Symptomatic hypotension
Regarding this adverse event, compared with enalapril or
valsartan, sacubitril‐valsartan led to a numerically higher risk
of symptomatic hypotension in all six trials with a pooled RR
of 1.47, 95% CI 1.34–1.60, P < 0.00001 (P = 0.49 for hetero-
geneity; I2 = 0%) (Figure 4). We obtained the same results in
subgroup analyses of different control groups (Supporting
Information, Figure S2).

Worsening renal function
The patients treated with sacubitril‐valsartan were associated
with a significant reduction in the incidence of worsening re-
nal function with a pooled RR of 0.81, 95% CI 0.70–0.94,
P = 0.005 (P = 0.77 for heterogeneity; I2 = 0%) (Figure 4).
We revised the results by performing subgroup analyses of
the different control groups, and the composite outcome of
worsening renal function in the sacubitril‐valsartan group
was lower than that in the enalapril group11,14,16 with a
pooled RR of 0.79, 95% CI 0.67–0.95, P = 0.010 (P = 0.53 for
heterogeneity; I2 = 0%) (Supporting Information, Figure S3).
There was no significant difference between the
sacubitril‐valsartan group and the valsartan group.9,12,13

Hyperkalaemia
Regarding the adverse event of hyperkalaemia, the composite
outcome did not significantly differ between the
sacubitril‐valsartan group and the control group in all six trials
with a pooled RR of 0.97, 95% CI 0.86–1.11, P = 0.70 (P = 0.17
for heterogeneity; I2 = 36%) (Figure 5). Regarding the rate of
serious hyperkalaemia (≥6.0 mmol/L),9,11,13 the
sacubitril‐valsartan group had a lower rate than the enalapril
or valsartan group with a pooled RR of 0.76, 95% CI 0.65–
0.89, P = 0.0007 (P = 0.95 for heterogeneity; I2 = 0%) (Figure
4). There were no significant differences in the subgroup anal-
yses of the different control groups (Supporting Information,
Figure S4).

Angioedema
The composite outcome of angioedema showed no evidence
of a significant difference between the sacubitril‐valsartan
group and the control group in five trials9,11,13,14,16 with a
pooled RR of 1.42, 95% CI 0.52–3.87, P = 0.49 (P = 0.11 for het-
erogeneity; I2 = 47%) (Figure 5). A sensitivity analysis was fur-
ther performed by sequentially deleting each study and
reanalysing the datasets of all remaining studies. The results
showed that the composite outcome of angioedema was
elevated in the patients receiving sacubitril‐valsartan in four
trials9,11,13,16 with a pooled RR of 2.19, 95% CI 1.21–3.96,

FIGURE 4 Data of the comparative analysis for the safety outcomes of symptomatic hypotension, worsening renal function, and serious hyperkalaemia
(≥6.0 mmol/L). Worsening renal function was defined as a decrease in eGFR ≥35% or an increase in serum creatinine ≥0.5 mg/dL from baseline AND a
decrease in eGFR ≥25% from baseline or serum creatinine >2.5 mg/dL. Sac/Val, sacubitril‐valsartan.
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P = 0.009 (P = 0.54 for heterogeneity; I2 = 0%). These results
are shown in Supporting Information, Table S2.

Discussion

A meta‐analysis of RCTs may provide additional evidence for
clinical practice guidelines beyond that provided by individual
studies.17 All studies included in this meta‐analysis were
multicentre, randomized, double‐blind, active‐controlled trials
with a low risk of bias. The participants included patients with
HFrEF or HFpEF, and most patients had New York Heart Asso-
ciation (NYHA) class II–III HF. The present study is the first to
provide composite evidence of primary efficacy outcomes
and adverse events of interest among RCTs comparing
sacubitril‐valsartan with enalapril or valsartan. These data sug-
gest that sacubitril‐valsartan is superior to an ACE inhibitor or
ARB alone in reducing all‐cause mortality, cardiovascular
death, or hospitalization for HF in patients with HFrEF but
did not result in a significant difference in all‐cause mortality
and cardiovascular mortality among patients with HFpEF. De-
spite its association with an increased risk of hypotension,
sacubitril‐valsartan showed a reduced incidence of worsening
renal function and less frequent elevations in serum potas-
sium. The incidence of angioedema was reduced and similar
between the groups.

Sacubitril‐valsartan showed superiority over enalapril or
valsartan in terms of the pooled primary efficacy outcomes.
Obviously, in the PARADIGM‐HF trial,11 which had a large
number of participants, sacubitril‐valsartan reduced the risks
of death from all causes or cardiovascular causes and

hospitalization for HF. However, sacubitril‐valsartan did not
reduce the risk of death compared with enalapril or valsartan
in several other trials, which may be caused by the smaller
sample size and shorter follow‐up duration in the
PARAMOUNT,9 PIONEER‐HF,14 and PRIME studies.12 Com-
pared with enalapril or valsartan, sacubitril‐valsartan reduced
NT‐proBNP to a greater extent in the PARAMOUNT trial9 and
reduced mitral regurgitation to a greater extent in the PRIME
study.12 In the PARAGON‐HF trial,13 sacubitril‐valsartan did
not result in a significantly lower rate of death from cardiovas-
cular causes among patients with HFpEF but did reduce the
risk of overall hospitalization for HF in the Lin, Wei, Ying, Yang
(LWYY) analysis of investigator‐reported primary endpoints. In
a recent post hoc analysis of the PARAGON‐HF trial,18

sacubitril‐valsartan showed a gradient in relative risk reduc-
tion in primary events (including total HF hospitalizations
and cardiovascular death) from patients hospitalized within
30 days to patients never hospitalized. A more favourable ef-
fect on the primary endpoint was observed in those with an
LVEF of 45–57% compared with those with an LVEF >57%
(RR = 0.780; 95% CI 0.641–0.949),19 demonstrating that the
beneficial effects of sacubitril‐valsartan could be amplified
when initiated in high‐risk patients with HFpEF.20 The known
benefits of sacubitril‐valsartan in patients with HFrEF11 may
be influenced by excluding higher‐risk patients or different
participants. In the PIONEER trial,21 sacubitril‐valsartan
reduced the rates of clinical events committee‐adjudicated
cardiovascular death or rehospitalization for HF by 42%
(P = 0.007) in patients with post‐acute decompensated heart
failure. The TRANSITION study22 showed that the early initia-
tion of sacubitril‐valsartan was selected for patients with
acute decompensated heart failure with a reduced ejection

FIGURE 5 Data of the comparative analysis for the safety outcomes of hyperkalaemia and angioedema. Hyperkalaemia was defined as serum potas-
sium >5.5 mmol/L. Sac/Val, sacubitril‐valsartan.
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fraction either in the hospital or shortly after discharge. A
real‐world study involving 932 HFrEF patients verified the ef-
fectiveness of sacubitril‐valsartan.23

In the PARAGON‐HF study13 and PARADIGM‐HF study,11

which had large sample sizes, sacubitril‐valsartan obviously in-
creased the risk of symptomatic hypotension, although these
trials excluded some patients due to adverse events during
the run‐in phase. Patients with a systolic blood pressure
(SBP) <100 mmHg were also excluded during the screening
phase. According to the outcomes of this meta‐analysis,
sacubitril‐valsartan increased the incidence of symptomatic
hypotension with an OR 1.55 (P < 0.0001) compared with
enalapril or valsartan. This finding coincides with the result
that sacubitril‐valsartan had a greater anti‐hypertensive effi-
cacy than ARBs in elderly hypertensive patients in reducing
both the mean sitting SBP and mean ambulatory SBP.24 Re-
garding this outcome, research has shown that patients with
a lower SBP both during the run‐in phase and after randomiza-
tion but generally tolerated sacubitril‐valsartan had the same
relative benefits over enalapril or valsartan as patients with a
higher baseline SBP.25,26 There was no difference in the num-
ber of participants who needed permanent treatment discon-
tinuation due to hypotension between the randomized
treatment groups.26 The TITRATION study showed that pa-
tients with a lower SBP achieved treatment success with a
gradual up‐titration method and suggested that a low SBP
should not prevent clinicians from considering the initiation
of sacubitril‐valsartan.27 As patients with HFwith a lower base-
line SBP are not uncommon, the evidence and protocol used
for sacubitril‐valsartan in these patients require further study.

Regarding the pooled evidence, sacubitril‐valsartan led to a
lower incidence of renal deterioration than enalapril or
valsartan. However, the incidence rate differed depending
on the level of baseline serum creatinine and eGFR. In the
PIONEER‐HF study,14 the incidence was 13.6% in the
sacubitril‐valsartan group and 14.7% in the enalapril group,
which is higher than that in other studies with lower serum
creatinine levels and eGFR at baseline. The UK HARP‐III study
on moderate‐to‐severe chronic kidney disease showed that
treatment with sacubitril‐valsartan did not significantly affect
kidney function.28,24 In clinical practice, patients with all stages
of kidney disease who receive treatment with
sacubitril‐valsartan have fewer cardiovascular deaths or hospi-
talizations for HF than those treated with standard therapy.23

According to the pooled analysis of serum potassium concen-
trations greater than 5.5mmol/L, there was no significant dif-
ference between the groups (OR 0.93, P = 0.10), although
these concentrations were found in 13.2% of the
sacubitril‐valsartan group and 15.3% of the valsartan group
(P = 0.048) in the PARAGON‐HF study.13 However, regarding
the rate of serious hyperkalaemia (≥6.0 mmol/L),
sacubitril‐valsartan was associated with a lower rate than enal-
april or valsartan (OR 0.75, P = 0.0007) in the PARAGON‐HF,13

PARAMOUNT,9 and PARADIGM‐HF studies.11 The risk of

angioedema was low in each trial, and there was no significant
difference between the groups by the pooled analysis (OR
1.42, P = 0.49). However, the sensitivity analysis showed a
higher incidence of angioedema in the sacubitril‐valsartan
group after excluding the PIONEER‐HF study. These results
provide useful data for future research.

Sacubitril‐valsartan, which consists of the neprilysin inhibi-
tor sacubitril (AHU377) and the ARB valsartan,29,30 is the first
drug indicated to be superior to enalapril in reducing mortal-
ity or the hospitalization rate for HF in patients with HF and
shows potential to improve the outcomes of patients with
HF.31 However, because sacubitril‐valsartan blocks the
renin‐angiotensin system and enhances the activity of vaso-
active substances, such as bradykinin and natriuretic
peptides,32–34 treatment with sacubitril‐valsartan was associ-
ated with a higher rate of symptomatic hypotension, but
there was no increase in the discontinuation rate due to ad-
verse effects associated with hypotension.11 The greater hy-
potension caused by sacubitril‐valsartan might impair renal
perfusion, but several trials involving HF populations, includ-
ing PARADIGM‐HF,11 suggested that sacubitril‐valsartan
slowed the decline in renal function compared with ACE in-
hibitors or ARBs alone and discontinuations of the study drug
due to renal impairment were less frequent in the
sacubitril‐valsartan group.23,31,35,36 The UK HARP‐III study28

included 414 participants with moderate‐to‐severe chronic
kidney disease and showed that sacubitril‐valsartan was well
tolerated and had similar effects on kidney function and albu-
minuria as irbesartan over 12 months of follow‐up. The out-
come of hyperkalaemia was similar to that of worsening
renal function. Based on this pooled analysis,
sacubitril‐valsartan slowed the elevation in serum potassium
compared with ACE inhibitors or ARBs. Angioedema is related
to the inhibition of three enzymes that degrade bradykinin.37

Sacubitril‐valsartan did not increase the risk of serious angio-
edema because it does not inhibit ACE or aminopeptidase
P.29,30 Analyses of Markov model‐simulated HFrEF suggest
that the health benefit of sacubitril‐valsartan is
cost‐effective compared with the use of enalapril as
sacubitril‐valsartan can extend more than 1 year of life in
each patient using the medication and help save cost by
avoiding hospitalization.38

Our study has some potential limitations. First, the number
of included trials was low, and a funnel plot was not suitable
for the sensitivity analysis. Second, confounding factors, such
as heart function, baseline blood pressure, age, sex, and
other potential factors, were difficult to control. Third, un-
published data or articles published in other languages were
not included. Fourth, different sample sizes and different
control drugs may have led to confounding bias and affected
the composite outcomes. Finally, this meta‐analysis may be
underpowered for a long‐term adverse event comparison be-
tween sacubitril‐valsartan and ARBs or ACE inhibitors due to
the different durations of the included RCTs.
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Conclusions

In conclusion, the pooled estimates showed that compared
with ACE inhibitors or ARBs, sacubitril‐valsartan significantly
decreased the risk of death from all causes or cardiovascular
causes and hospitalization for HF in patients with HFrEF but
failed to improve all‐cause mortality and cardiovascular mor-
tality in HFpEF cohorts. Sacubitril‐valsartan increased the risk
of symptomatic hypotension but slowed the decline in kidney
function and elevation in serum potassium concentration
compared with ACE inhibitors or ARBs. Angioedema occurred
less frequently in the sacubitril‐valsartan group.
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