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Abstract
Several guidelines have recommended the use of angiotensin receptor neprilysin inhibitors (ARNIs) as replacement for 
angiotensin-converting enzyme inhibitors in the management of heart failure. Till date, there are no reviews done that 
comprehensively cover different aspects of efficacy and safety parameters. Hence, we have performed a comprehensive 
systematic review and meta-analysis on role of ARNIs for the management of heart failure patients. Searches were done 
in Embase, Scopus, China National Knowledge Infrastructure, Chinese Biomedical Literature Database, PubMed Central, 
Cochrane Library, MEDLINE, Google Scholar, ScienceDirect and Clinicaltrials.gov until June 2022. Risk of bias assessment 
was done with Cochrane’s risk of bias tool. Meta-analysis was carried out using random-effects model. Pooled standardized 
mean difference (SMD)/mean difference (MD) and/or risk ratio (RR) with 95% confidence intervals (CIs) was reported. In 
total, we analysed 34 studies, with almost all of them had a high risk of bias. Pooled RR was 0.88 (95% CI: 0.82–0.95) for 
all-cause mortality, 0.84 (95% CI: 0.77–0.92) for cardiovascular mortality and 0.78 (95% CI: 0.70–0.87) for hospitaliza-
tion. Pooled MD was 3.74 (95% CI: 1.93–5.55) for left ventricular ejection fraction, −2.16 (95% CI: −3.58 to −0.74) for left 
atrial volume index, −3.80 (95% CI: −6.60 to −1.00) for left ventricular end-diastolic dimension and −1.16 (95% CI: −1.98 
to −0.35) for E/E′ ratio. Regarding adverse events, pooled RR was 1.55 (95% CI: 1.31–1.85) for symptomatic hypotension, 
0.93 (95% CI: 0.78–1.11) for worsening renal function, 1.09 (95% CI: 0.94–1.26) for hyperkalaemia and 1.29 (95% CI: 
0.67–2.50) for angioedema. ARNIs had beneficial efficacy and safety profile on the management of heart failure especially 
patients with reduced ejection fraction.
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Introduction

Heart failure was reported as an emerging epidemic almost 
three decades ago [1]. Globally, the current burden of heart 
failure is estimated to be nearly 64 million [1]. The preva-
lence of heart failure was found to be more than 1% across 
various countries and regions around the world [2]. It is ever 
growing over the past decade across both developed and 
developing countries [2]. Moreover, this can increase the 
economic burden of all the countries in the world [3].

Heart failure is a clinical condition affecting ejection 
function and/or ventricular filling caused by several cardiac 
functional or structural diseases [3]. It acts as an end-stage 
disease across various forms of cardiovascular diseases 
(CVDs), making it known as “last battlefield” of the CVDs 
[4, 5]. Several medications have been prescribed to man-
age heart failure, like beta blockers, angiotensin-converting 
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enzyme (ACE) inhibitors, calcium channel blockers (CCBs) 
and angiotensin receptor blockers (ARBs), without any 
major success in terms of efficacy [6–8].

Angiotensin receptor neprilysin inhibitor (ARNI), i.e. 
sacubitril–valsartan, has been tried to treat the patients 
with heart failure [9]. Neprilysin damages the biologi-
cally active natriuretic peptide, including the atrial, 
B-type and C-type natriuretic peptides, but not biologi-
cally inert natriuretic pro-hormone B-type natriuretic 
peptide (NT-proBNP), which is not a substrate for these 
enzymes [10]. By augmenting active NT peptides, inhi-
bition of neprilysin increases the generation of the myo-
cardial cyclic guanosine monophosphate (cGMP), which 
improves the myocardial relaxation and hypertrophy 
reduction [11, 12].

The European Society of Cardiology, American College 
of Cardiology/American Heart Association Task Force on 
Clinical Practice Guidelines and the Heart Failure Soci-
ety of America have recommended ARNIs as replacement 
for the ACE inhibitors in the management of heart failure 
especially those with reduced ejection fraction remain-
ing symptomatic and belonging to the New York Heart 
Association (NYHA) classes II to IV [13, 14]. However, 
only fewer systematic reviews are available on demonstrat-
ing the improvement in cardiac function after the ARNI 
therapy in patients with heart failure [15–18]. The avail-
able reviews have also included only a limited number of 
trials or fewer outcomes with respect to the efficacy and 
safety of ARNIs. Till date, there are no reviews done on 
this topic that comprehensively cover different aspects of 
efficacy and safety parameters, and the available primary 
studies have provided some inconclusive evidences. Hence, 
we have performed a comprehensive systematic review and 
meta-analysis on the role of ARNIs for the management of 
heart failure patients.

Materials and methods

Eligibility criteria

Study design

Randomized controlled trials (RCTs) were eligible for 
inclusion. Full-text studies that are eligible were included 
while the case reports/series/unpublished grey literature was 
excluded from the study.

Study participants

Studies containing the heart failure patients were incor-
porated irrespective of their age and gender, comorbidity, 

status of ejection fraction and acute state or chronicity of the 
condition. Separate analysis based on these characteristics 
was tried during analysis stage.

Intervention and comparator group

Studies assessing the effectiveness of ARNI, i.e. sacubi-
tril–valsartan, compared to placebo or control or any other 
medications were eligible for inclusion irrespective of the 
frequency or duration of intervention.

Outcome

Efficacy parameters include the following: all-cause mortality, 
cardiovascular mortality, hospitalization, quality of life and 
improvement in NYHA functional status.

Echocardiographic parameters are as follows: left ven-
tricular ejection fraction (LVEF), left atrial volume index 
(LAVI), left ventricular end-diastolic dimension (LVED) 
and early filling (E)-to-early diastolic mitral annular veloc-
ity (E′) (E/E′) ratio.

Arrhythmia endpoints include the following: atrial 
arrhythmias (atrial fibrillation and/or atrial flutter) and ven-
tricular arrhythmias (ventricular fibrillation and/or ventricu-
lar tachycardia).

Adverse events include symptomatic hypotension, wors-
ening of renal function, hyperkalaemia and angioedema.

Blood parameter includes N-terminal pro-hormone of 
brain natriuretic peptide (NT-proBNP).

Search strategy

An extensive, systematic and comprehensive literature 
review was done by executing the search in various data-
bases such as Embase, Scopus, China National Knowledge 
Infrastructure (CNKI), Chinese Biomedical Literature 
Database, PubMed Central, Cochrane Library, MEDLINE, 
Google Scholar, ScienceDirect and Clinicaltrials.gov. For 
the purpose of carrying out our search strategy, we have 
merged free-text headings and medical topic headings 
(MeSH). Using the appropriate Boolean operators (“AND”, 
“OR”, “NOT”) in between the pre-defined search phrases, 
we carried out the search strategy. The search terms utilized 
during the search are provided in the Supplementary Appen-
dix. The following additional filters were applied during the 
process of literature search: time point (January 1964, i.e. 
inception of databases till June 2022) and no language filters.

Steps in study selection

The initial stage of the study selection procedure involved 
two independent researchers (JG and ZXL) reviewing the 
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title, keywords and abstract. The full-text papers were 
retrieved by each of the two investigators, who then short-
listed them for the second round of screening based on the 
eligibility requirements. By coming to an agreement, the two 
investigators were able to settle any disagreements that arose 
during the initial screening stage. The second phase involved 
the screening of the recovered full-text studies by the two 
researchers (JG and ZXL), who ultimately included those 
that met the eligibility requirements and underwent addi-
tional analysis based on these studies. Preferred Reporting 
Items for Systematic Reviews and Meta-Analyses (PRISMA) 
checklist 2020 was used for reporting this review [19].

Data extraction procedure

Both investigators (CZ and ZWZ) participated in the manual 
data extraction procedure utilising a pre-specified semi-
structured data collection form that was established at the 
stage of the protocol itself after deciding which full-text 
publications were suitable for inclusion and analysis in the 
review. The following details were gathered: the names of 
the authors, the study’s title, the year it was published and 
the year it was conducted, the length of the study, its design, 
its setting, its country or region, its sample size, the outcome 
assessment tool and other information, the participants’ ages 
on average, the specifics of its randomization, their qualifica-
tions, its quality-related information and its outcome-related 
information. The second author (CZ) entered the data, and 
the third author double-checked the entry’s accuracy before 
it was recorded (ZWZ).

Risk of bias (quality) assessment

Two investigators (SL and HX) were responsible for assess-
ing the quality of included studies. They have used the RoB2 
tool, i.e. “Cochrane risk of bias tool for RCTs” [20]. The 
tool assessed bias risk based on randomization, deviation 
from intended intervention, missing data, outcome meas-
urement and selective reporting of results. Depending on 
the response, each study was identified to have low, high or 
some concerns with respect to bias risk.

Statistical analysis

All the analysis was performed using Stata version 14.2. 
For outcomes that were continuous in nature, mean, stand-
ard deviation (SD) and total sample size were obtained for 
both groups. The pooled effect was calculated as mean dif-
ference (MD) or standardized mean difference (SMD, for 
outcomes like quality of life as each study uses different 
scales for assessment) with 95% confidence interval (CI), 
depending on the outcome. For binary outcomes, frequency 

of events and participants in intervention and control arm 
were entered and pooled estimate was obtained as risk ratio 
(RR) along with the 95% CI. Visual representation of these 
pooled estimates was done by forest plot. Random-effects 
model with inverse variance method was utilized to account 
for methodological heterogeneity [21].

Heterogeneity was evaluated by the chi-square of hetero-
geneity and I2 statistic. p value less than 0.05 in chi-square 
test indicates significant heterogeneity, while I2 value was 
used to quantify the heterogeneity [21]. Subgroup analy-
sis and meta-regression were performed to investigate the 
outcomes with substantial heterogeneity for the following 
variables: country/study region, follow-up duration, dose of 
sacubitril–valsartan and type of control group. Publication 
bias assessment was done using Egger’s test and depicted 
visually by funnel plot. Egger’s test p value less than 0.05 
or asymmetrical funnel plot indicates the possibility of the 
presence of publication bias.

Results

Study selection

In primary screening, we retrieved 108 full-text studies, 
which, after removal of duplicates, become 103 studies. 
These studies undergone secondary screening in addition 
to the three articles retrieved from the bibliography of the 
screened articles. Finally, we included data from 34 studies 
satisfying the inclusion criteria (Fig. 1) [22–55].

Study characteristics

Only RCTs were included in the review. Most studies (17 
out of 34 studies) were conducted in China, followed by 
United States (US) and multi-country studies. The mean age 
of study participants in the intervention arm ranged from 53 
to 74.4 years, while that in the control arm ranged from 55 
to 75.9 years. The sample sizes amongst the included stud-
ies varied from 16 to 4187 in the intervention arm and 15 to 
4212 in the control arm (Table 1).

Risk of bias assessment

Almost one-third of studies (11 out of 34 studies) had a 
low risk of bias with respect to randomization process and 
deviation from intended intervention. Only nine studies had 
a low risk of bias with respect to missing outcome data. 
Majority of the studies had a high risk of bias with respect to 
selective reporting of results and measurement of outcomes. 
Most studies (22 out of 34 studies) had a higher risk of bias 
(Table 2).
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Databases (n = 1423)
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Fig. 1   Search strategy
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Table 1   Characteristics of the included studies (N = 34)

Author and 
year

Country Heart failure 
type

Acute or 
chronic

Intervention group Control group Sample 
size in I vs 
C arm

Follow-up 
duration 
(in months)

Mean age 
(in years)

Bano et al. 
(2021) [22]

Pakistan HFrEF Chronic Sacubitril–valsartan 
50 mg or 100 mg 
twice daily

Enalapril 2.5 mg or 
5 mg twice daily

I = 181
C = 183

12 I = 53
C = 55

CLCZ696B2223 
(2013)

NR HFrEF Chronic Sacubitril–valsartan 
200 mg twice daily

Valsartan 160 mg 
twice daily

I = 16
C = 15

7 days NR

CLCZ-
696BDE01 
(2019)

NR HFrEF Chronic Sacubitril–valsartan 
100 mg twice daily

Enalapril 5 mg 
twice daily

I = 103
C = 98

3 NR

Chai et al. (2019) 
[42]

China HFrEF Chronic Sacubitril–valsartan 
50 mg twice daily

Milinon I = 40
C = 40

3 NR

Chen et al. 
(2020) [41]

China HFmEF Chronic Sacubitril–valsartan 
200 mg twice daily

ACEI/ARB I = 53
C = 53

6 I = 72.3
C = 69.5

Dai et al. (2019) 
[43]

China HFrEF Chronic Sacubitril–valsartan 
(dose NR)

Ramipril I = 98
C = 98

6 NR

Desai et al. 
(2019) [44] 
[EVALUATE 
HF]

USA HFrEF Chronic Sacubitril–valsartan 
200 mg twice daily

Enalapril 10 mg 
twice daily

I = 231
C = 233

2.75 I = 67.8
C = 66.7

Du et al. (2022) 
[23]

China HFrEF Chronic Sacubitril–valsartan 
100 mg twice daily

Valsartan 80 mg 
twice daily

I = 30
C = 30

6 I = 74.4
C = 75.9

Gao et al. (2019) 
[45]

China HFrEF Chronic Sacubitril–valsartan 
(dose NR)

Valsartan I = 17
C = 17

1.75 NR

Hao et al. (2019) 
[46]

China HFrEF Chronic Sacubitril–valsartan 
200 mg twice daily

Valsartan 160 mg 
twice daily

I = 30
C = 30

1.75 NR

Huang et al. 
(2019) [24]

China HFpEF Chronic Sacubitril–valsartan 
(dose NR)

Usual care I = 39
C = 38

6 NR

Kang et al. 
(2019) [25] 
[PRIME]

Korea HFrEF Chronic Sacubitril–valsartan 
200 mg twice daily

Valsartan 40 to 
80 mg twice daily

I = 60
C = 58

12 I = 64.7
C = 60.5

Khandwalla et al. 
(2020) [26] 
[AWAKE HF]

USA HFrEF Chronic Sacubitril–valsartan 
200 mg twice daily

Enalapril 10 mg 
twice daily

I = 69
C = 70

4 I = 62.3
C = 64.2

Li et al. (2019a) 
[27] (1)

China HFrEF Chronic Sacubitril–valsartan 
(dose NR)

Enalapril I = 62
C = 64

6 NR

Li et al. (2019b) 
[28] (2)

China NR Chronic Sacubitril–valsartan 
100 mg twice daily

Enalapril 10 mg 
twice daily

I = 47
C = 49

12 NR

Li et al. (2021) 
[29]

China HFrEF Chronic Sacubitril–valsartan 
50 mg twice daily

Perindopril 4 mg 
once daily

I = 40
C = 40

3 I = 63.2
C = 62.8

Liang (2022) 
[53]

China HFrEF Chronic Sacubitril–valsartan 
(dose NR)

Conventional anti-
HF treatment

I = 60
C = 60

NR NA

Mann et al. 
(2022) [30] 
[LIFE]

USA HFrEF Chronic Sacubitril–valsartan 
200 mg twice daily

Valsartan 160 mg 
twice daily

I = 167
C = 168

6 I = 60.2
C = 58.3

McMurray et al. 
(2014) [31] 
[PARADIGM 
HF]

47 countries HFrEF Chronic Sacubitril–valsartan 
200 mg twice daily

Enalapril 10 mg 
twice daily

I = 4187
C = 4212

27 I = 63.8
C = 63.8

Mukhamedova 
et al. (2022) 
[55]

Uzbekistan HFrEF Chronic Sacubitril–valsartan 
(dose NR)

Valsartan I = 60
C = 60

NR 58.2

OUTSTEP HF 
(2019)

19 European 
countries

HFrEF Chronic Sacubitril–valsartan 
200 mg twice daily

Enalapril 10 mg 
twice daily

I = 309
C = 310

4 I = 67.2
C = 66.6
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Efficacy parameters

All‑cause mortality

In total, 17 studies with 19,176 participants have reported on 
the efficacy of sacubitril–valsartan on the all-cause mortal-
ity amongst heart failure patients. The pooled RR was 0.88 
(95% CI: 0.82 to 0.95; I2 = 0%), indicating that the patients 
receiving sacubitril–valsartan had a significantly lower risk 
of having all-cause mortality when compared to patients 
receiving standard care or placebo (p = 0.001) (Fig. 2).

Subgroup analysis based on the status of ejection frac-
tion revealed that the patients with reduced ejection fraction 
had a significant reduction in all-cause mortality (pooled 
RR = 0.85; 95% CI: 0.78–0.93; p < 0.001), while patients 
with preserved or medium ejection fraction had non-sig-
nificant reduction in all-cause mortality (pooled RR = 0.91; 
95% CI: 0.67–1.22; p = 0.52) following administration of 
sacubitril–valsartan (Supplementary Fig.  1). Subgroup 
analysis based on the control group showed that the sacu-
bitril–valsartan showed maximum efficacy against placebo 
or usual care arm (pooled RR = 0.22; 95% CI: 0.05–0.94; 

Table 1   (continued)

Author and 
year

Country Heart failure 
type

Acute or 
chronic

Intervention group Control group Sample 
size in I vs 
C arm

Follow-up 
duration 
(in months)

Mean age 
(in years)

Pieske et al. 
(2021) [51] 
[PARALLAX 
HF]

32 countries HFpEF Chronic Sacubitril–valsartan 
200 mg twice daily

Enalapril 10 mg/
valsartan 160 mg/
placebo

I = 1286
C = 1286

6 I = 72.9
C = 72.4

Qin et al. (2022) 
[32]

China HFrEF Chronic Sacubitril–valsartan 
100 mg twice daily

Valsartan 160 mg 
twice daily

I = 36
C = 36

2 I = 66.2
C = 67.5

Qu (2022) [52] China HFrEF Chronic Sacubitril–valsartan 
(dose NR)

Benazepril I = 50
C = 50

NR NR

Shi et al. (2020) 
[40]

China HFpEF Chronic Sacubitril–valsartan 
100 mg twice daily

Valsartan 80 mg 
twice daily

I = 20
C = 22

3 I = 68.5
C = 66.7

Solomon et al. 
(2012) [33] 
[PARA-
MOUNT]

13 countries HFpEF Chronic Sacubitril–valsartan 
200 mg twice daily

Valsartan 160 mg 
twice daily

I = 149
C = 152

21 I = 70.9
C = 71.2

Solomon et al. 
(2019) [34] 
[PARAGON 
HF]

43 countries HFpEF Chronic Sacubitril–valsartan 
200 mg twice daily

Valsartan 160 mg 
twice daily

I = 2407
C = 2389

35 I = 72.7
C = 72.8

Tsutsui et al. 
(2021) [35] 
[PARALLEL 
HF]

Japan HFrEF Chronic Sacubitril–valsartan 
200 mg twice daily

Enalapril 10 mg 
twice daily

I = 111
C = 112

33.9 I = 69
C = 66.7

Tumasyan et al. 
(2019) [47]

NR HFmEF Chronic Sacubitril–valsartan 
200 mg twice daily

Valsartan 
160 mg + spirono-
lactone 25 mg

I = 26
C = 53

12 NR

Velazquez et al. 
(2019) [36] 
[PIONEER 
HF]

USA HFrEF Acute Sacubitril–valsartan 
200 mg twice daily

Enalapril 10 mg 
twice daily

I = 440
C = 441

2 I = 61
C = 63

Wang et al. 
(2019) [39]

China HFmEF Chronic Sacubitril–valsartan 
200 mg twice daily

ACEI/ARB I = 48
C = 48

12 I = 55.9
C = 55.9

Zhao et al. ( 
2022) [37]

China HFrEF Chronic Sacubitril–valsartan 
50 mg twice daily

Enalapril 10 mg 
once daily

I = 52
C = 45

6 I = 68.6
C = 66.7

Zhu et al. (2021) 
[54]

China HFrEF Chronic Sacubitril–valsartan 
(dose NR)

Benazepril hydro-
chloride

I = 51
C = 51

12 NR

dos Santos et al. 
(2021) [38] 
[NEPRIEx-
TOL]

Brazil HFrEF Chronic Sacubitril–valsartan 
100 mg twice daily

Enalapril 10 mg or 
20 mg twice daily

I = 26
C = 18

6 I = 56
C = 61

HFrEF heart failure with reduced ejection fraction, HFmEF heart failure with a mid-range ejection fraction, HFpEF heart failure with preserved 
ejection fraction, NR no record
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Table 2   Risk of bias assessment (N = 34)

S. 
No.

Author and year Randomization 
process

Deviation from 
intended intervention

Missing outcome 
data

Measurement 
of the outcome

Selection of the 
reported results

Overall

1 Bano et al. (2021) 
[22]

Low Low Low Some concerns Some concerns Some concerns

2 CLCZ696B2223 
(2013)

Low Low Low Low High Some concerns

3 CLCZ696BDE01 
(2019)

Some concerns Some concerns Low Low Low Some concerns

4 Chai et al. (2019) 
[42]

Some concerns Some concerns High High High High

5 Chen et al. (2020) 
[41]

Some concerns Some concerns High High High High

6 Dai et al. (2019) 
[43]

Some concerns Some concerns High High High High

7 Desai et al. (2019) 
[44] [EVALU-
ATE HF]

Low Low Some concerns Some concerns Low Some concerns

8 Du et al (2022) 
[23]

Some concerns Some concerns High High High High

9 Gao et al. (2019) 
[45]

Some concerns Some concerns High High High High

10 Hao et al. (2019) 
[46]

Some concerns Some concerns High High High High

11 Huang et al. (2019) 
[24]

Some concerns Some concerns High High High High

12 Kang et al. (2019) 
[25] [PRIME]

Some concerns Some concerns High Low Low High

13 Khandwalla et al. 
(2020) [26] 
[AWAKE HF]

Some concerns Some concerns High Low Low High

14 Li et al. (2019) 
[27] (1)

Some concerns Some concerns High High High High

15 Li et al. (2019) 
[28] (2)

Some concerns Some concerns High High High High

16 Li et al. (2021) [29] High High High High High High
17 Liang (2022) [53] Some concerns High High High High High
18 Mann et al. (2022) 

[30] [LIFE]
Low Low Low Some concerns Low Some concerns

19 McMurray et al. 
(2014) [31] 
[PARADIGM 
HF]

Low Low Low Low Low Low

20 Mukhamedova 
et al. (2022) [55]

Some concerns Some concerns High High High High

21 OUTSTEP HF 
(2019)

Low Low Low Low Low Low

22 Pieske et al. (2021) 
[51] [PARAL-
LAX HF]

Low Low Low Some concerns Low Some concerns

23 Qin et al. (2022) 
[32]

Some concerns Some concerns High High High High

24 Qu (2022) [52] Some concerns Some concerns High High High High
25 Shi et al. (2020) 

[40]
Some concerns Some concerns High High High High

26 Solomon et al. 
(2012) [33] 
[PARAMOUNT]

Low Low Low Low Low Low
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p = 0.04) followed by ACE inhibitors (pooled RR = 0.85; 
95% CI: 0.78–0.93; p < 0.001), while it was non-signifi-
cant against ARBs (pooled RR = 0.96; 95% CI: 0.84–1.10; 
p = 0.56) (Supplementary Fig. 2). Only one study was con-
ducted amongst acute heart failure patients while the rest 
of the studies are conducted amongst chronic heart failure 
patients. Hence, subgroup analysis based on the duration of 
heart failure could not be conducted for any of the outcomes. 
Subgroup analysis based on the dose of sacubitril–valsartan 
could not be performed as one study each has used a dose of 
50 mg and 100 mg, while the rest of the studies used a dose 
of 200 mg twice daily.

Assessment of publication bias revealed a symmetrical 
funnel plot with non-significant Egger’s test (p = 0.30), 
indicating the absence of publication bias (Supplemen-
tary Fig. 3). Meta-regression was not performed as there 
was no statistical heterogeneity for the all-cause mortality 
outcome.

Cardiovascular mortality

In total, 10 studies with 14,909 participants have reported 
on the efficacy of sacubitril–valsartan on the cardiovascu-
lar mortality amongst heart failure patients. The pooled 
RR was 0.84 (95% CI: 0.77 to 0.92; I2 = 0%), indicating 

that the patients receiving sacubitril–valsartan had a sig-
nificantly lower risk of having cardiovascular mortality 
when compared to patients receiving any other medica-
tions (p < 0.001) (Fig. 3).

Subgroup analysis based on the status of ejection frac-
tion revealed that the patients with reduced ejection frac-
tion had a significant reduction in cardiovascular mortality 
(pooled RR = 0.81; 95% CI: 0.73–0.90; p < 0.001), while 
patients with preserved or medium ejection fraction had 
non-significant reduction in all-cause mortality (pooled 
RR = 0.95; 95% CI: 0.79–1.13; p = 0.54) following admin-
istration of sacubitril–valsartan (Supplementary Fig. 4). 
Subgroup analysis based on the control group showed that 
the sacubitril–valsartan showed maximum efficacy against 
ACE inhibitors (pooled RR = 0.81; 95% CI: 0.73–0.90; 
p < 0.001), while it was non-significant against ARBs 
(pooled RR = 0.95; 95% CI: 0.79–1.14; p = 0.60) (Sup-
plementary Fig. 5). Subgroup analysis based on the dose 
of sacubitril–valsartan could not be performed as almost 
all the studies for this outcome used a dose of 200 mg 
twice daily.

Assessment of publication bias revealed a symmetrical fun-
nel plot with non-significant Egger’s test (p = 0.50), indicat-
ing the absence of publication bias (Supplementary Fig. 6). 
Meta-regression was not performed as there was no statistical 
heterogeneity for the cardiovascular mortality outcome.

Table 2   (continued)

S. 
No.

Author and year Randomization 
process

Deviation from 
intended intervention

Missing outcome 
data

Measurement 
of the outcome

Selection of the 
reported results

Overall

27 Solomon et al. 
(2019) [34] 
[PARAGON HF]

Low Low Low Low Low Low

28 Tsutsui et al. 
(2021) [35] 
[PARALLEL HF]

Some concerns Some concerns High High High High

29 Tumasyan et al. 
(2019) [47]

Some concerns Some concerns High High High High

30 Velazquez et al. 
(2019) [36] [PIO-
NEER HF]

Low Low Low Low Low Low

31 Wang (2019) [39] Some concerns Some concerns High High High High
32 Zhao et al. ( 2022) 

[37]
Some concerns Some concerns High High High High

33 Zhu et al. (2021) 
[54]

Some concerns Some concerns High High High High

34 dos Santos et al. 
(2021) [38] 
[NEPRIExTOL]

Low Low Low Some concerns Low Some concerns



913Heart Failure Reviews (2023) 28:905–923	

1 3

Hospitalization

In total, 14 studies with 15,866 participants have reported on 
the efficacy of sacubitril–valsartan on the rate of hospitaliza-
tion amongst heart failure patients. The pooled RR was 0.78 
(95% CI: 0.70 to 0.87; I2 = 23%), indicating that the patients 
receiving sacubitril–valsartan had a significantly lower risk of 
having hospitalizations when compared to patients receiving 
any other medications (p < 0.001) (Fig. 4).

Subgroup analysis based on the status of ejection frac-
tion revealed that the patients with either reduced ejection 
fraction or preserved ejection fraction had a significant 
reduction in hospitalizations following the administration 
of sacubitril–valsartan (Supplementary Fig. 7). Subgroup 
analysis based on the control group also showed that the 
administration of sacubitril–valsartan was efficacious against 
ACE inhibitors and ARBs for hospitalizations (Supple-
mentary Fig. 8). Subgroup analysis based on the dose of 

sacubitril–valsartan could not be performed as almost all the 
studies for this outcome used a dose of 200 mg twice daily.

Assessment of publication bias revealed an asymmetrical 
funnel plot with significant Egger’s test (p = 0.04), indicat-
ing the presence of publication bias (Supplementary Fig. 9). 
Meta-regression was not performed as there was only mild 
statistical heterogeneity for the hospitalization outcome.

Quality of life

In total, 3 studies with 3080 participants have reported on the 
efficacy of sacubitril–valsartan on the quality of life amongst 
heart failure patients. The pooled SMD was 0.04 (95% 
CI: − 0.03 to 0.11; I2 = 0%), indicating no significant differ-
ence between sacubitril–valsartan and control group patients 
in terms of quality of life (p = 0.23) (Supplementary Fig. 10). 
Subgroup analysis and publication bias assessment could not 
be performed due to limitation in the number of studies.
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NOTE: Weights are from random-effects model; continuity correction applied to studies with zero cells

Fig. 2   Forest plot showing the difference in all-cause mortality between sacubitril–valsartan and control group patients
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Overall, DL (I2 = 0.0%, p = 0.749)
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Fig. 3   Forest plot showing the difference in cardiovascular mortality between sacubitril–valsartan and control group patients

Overall, DL (I2 = 23.0%, p = 0.205)

Zhu 2021

Zhao 2022

Wang 2019

Velazquez 2019 [PIONEER HF]

Tumasyan 2019

Tsutsui 2021 [PARALLEL HF]

Solomon 2019 (PARAGON HF)

Shi 2020

McMurray 2014 [PARADIGM HF]

Li 2019 (2)

Kang 2019 [PRIME]

Desai 2019 [Evaluate HF]

Chen 2020

Bano 2021

Study

0.78 (0.70, 0.87)

0.25 (0.03, 2.16)

0.43 (0.04, 4.62)

0.50 (0.10, 2.60)

0.58 (0.39, 0.85)

0.70 (0.42, 1.16)

1.26 (0.75, 2.13)

0.86 (0.79, 0.94)

0.41 (0.13, 1.34)

0.82 (0.74, 0.91)

0.50 (0.26, 0.94)

0.58 (0.15, 2.32)

0.87 (0.43, 1.80)

0.47 (0.24, 0.95)

0.62 (0.39, 0.97)

(95% CI)

Risk Ratio

100.00

0.26

0.22

0.45

6.75

4.33

4.04

36.80

0.86

32.87

2.83

0.63

2.25

2.40

5.30

Weight

%

1
NOTE: Weights are from random-effects model

Fig. 4   Forest plot showing the difference in hospitalization between sacubitril–valsartan and control group patients
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Improvement in NYHA functional status

In total, 6 studies with 7854 participants have reported on the 
efficacy of sacubitril–valsartan on the improvement in NYHA 
functional status amongst heart failure patients. The pooled 
RR was 1.21 (95% CI: 0.99 to 1.47; I2 = 58.9%), indicating no 
significant difference between sacubitril–valsartan and control 
group patients in terms of improvement in NYHA functional 
status (p = 0.06) (Supplementary Fig. 11). Subgroup analysis 
and publication bias assessment could not be performed due 
to limitation in the number of studies.

Echocardiographic parameters

LVEF

In total, 15 studies with 1994 participants have reported on 
the efficacy of sacubitril–valsartan on the LVEF amongst 
heart failure patients. The pooled MD was 3.74 (95% CI: 
1.93 to 5.55; I2 = 89.4%), indicating that the patients receiv-
ing sacubitril–valsartan had significantly higher LVEF 
when compared to patients receiving any other medications 
(p < 0.001) (Fig. 5A).

Subgroup analysis based on the status of ejection fraction 
cannot be performed as all the studies reporting this outcome 
were conducted amongst reduced ejection fraction patients. 
Subgroup analysis based on the control group showed that 
the administration of sacubitril–valsartan was efficacious in 
improving LVEF irrespective of the type of control medi-
cations (ACE inhibitors/ARBs/placebos/conventional treat-
ment) (Supplementary Fig. 12). Subgroup analysis based on 
the dose of sacubitril–valsartan showed that the 50 mg and 
100 mg twice daily dosages showed significant improve-
ment in LVEF, while studies with 200 mg twice daily dosage 
did not show statistical significance in the improvement of 
LVEF (Supplementary Fig. 13).

Assessment of publication bias revealed a symmetrical 
funnel plot with non-significant Egger’s test (p = 0.84), 
indicating the absence of publication bias (Supplemen-
tary Fig. 14). Univariable meta-regression was performed 
with variables such as country/study region, follow-up 
duration, dose of sacubitril–valsartan and type of control 
group. Amongst these variables, sacubitril–valsartan dose 
and control group had a p value less than 0.20 and it was 
included in the multivariable meta-regression model. The 
multivariable meta-regression model with these two vari-
ables was able to explain about 80% of the between-study 
variability.

LAVI

In total, 4 studies with 913 participants have reported on 
the efficacy of sacubitril–valsartan on the LAVI amongst 

heart failure patients. The pooled MD was −2.16 (95% 
CI: −3.58 to −0.74; I2 = 0%), indicating that the patients 
receiving sacubitril–valsartan had significantly lower LAVI 
when compared to patients in the control group (p = 0.003) 
(Fig. 5B). Subgroup analysis and publication bias assess-
ment could not be performed due to limitation in the number 
of studies.

LVED

In total, 7 studies with 668 participants have reported on 
the efficacy of sacubitril–valsartan on the LVED amongst 
heart failure patients. The pooled MD was −3.80 (95% 
CI: −6.60 to −1.00; I2 = 96.8%), indicating that the patients 
receiving sacubitril–valsartan had significantly lower LVED 
when compared to patients in the control group (p = 0.008) 
(Fig. 5C). Subgroup analysis, meta-regression and publica-
tion bias assessment could not be performed due to limita-
tion in the number of studies.

E/E′ ratio

In total, 4 studies with 913 participants have reported on the 
efficacy of sacubitril–valsartan on the E/E′ ratio amongst 
heart failure patients. The pooled MD was −1.16 (95% 
CI: −1.98 to −0.35; I2 = 96.8%), indicating that the patients 
receiving sacubitril–valsartan had a significantly lower 
E/E′ ratio when compared to patients in the control group 
(p = 0.005) (Fig. 5D). Subgroup analysis, meta-regression 
and publication bias assessment could not be performed due 
to limitation in the number of studies.

Arrhythmia endpoints

Atrial arrhythmias

In total, 6 studies with 17,053 participants have reported 
on the efficacy of sacubitril–valsartan on the atrial arrhyth-
mias amongst heart failure patients. The pooled RR was 
1.05 (95% CI: 0.93 to 1.17; I2 = 0%), indicating no signifi-
cant difference between sacubitril–valsartan and control 
group patients in terms of atrial arrhythmias (p = 0.43) 
(Fig. 6A). Subgroup analysis and publication bias assess-
ment could not be performed due to limitation in the num-
ber of studies.

Ventricular arrhythmias

In total, 4 studies with 1402 participants have reported 
on the efficacy of sacubitril–valsartan on the ventricular 
arrhythmias amongst heart failure patients. The pooled RR 
was 1.69 (95% CI: 0.38 to 7.54; I2 = 0%), indicating no sig-
nificant difference between sacubitril–valsartan and control 
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Fig. 5   Forest plot showing the 
difference in echocardiographic 
parameters between sacubi-
tril–valsartan and control group 
patients. A Left ventricular 
ejection fraction. B Left atrial 
volume index. C Left ventricu-
lar end-diastolic dimension. D 
E/E′ ratio
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group patients in terms of ventricular arrhythmias (p = 0.49) 
(Fig. 6B). Subgroup analysis and publication bias assess-
ment could not be performed due to limitation in the number 
of studies.

Adverse events

Symptomatic hypotension

In total, 13 studies with 19,150 participants have reported 
on the safety of sacubitril–valsartan against symptomatic 
hypotension amongst heart failure patients. The pooled RR 
was 1.55 (95% CI: 1.31 to 1.85; I2 = 57.9%), indicating that 
the patients receiving sacubitril–valsartan had a significantly 
higher risk of having symptomatic hypotension when com-
pared to patients receiving any other medications (p < 0.001) 
(Fig. 7A).

Subgroup analysis based on the status of ejection fraction 
revealed that the patients with either reduced ejection frac-
tion or preserved ejection fraction had a significantly higher 

risk of symptomatic hypotension following the administra-
tion of sacubitril–valsartan (Supplementary Fig. 15). Sub-
group analysis based on the control group also showed that 
the administration of sacubitril–valsartan had a higher risk 
of symptomatic hypotension when compared to ACE inhibi-
tors or ARBs (Supplementary Fig. 16). Subgroup analysis 
based on the dose of sacubitril–valsartan could not be per-
formed as almost all the studies for this outcome used a 
dose of 200 mg twice daily. Assessment of publication bias 
revealed a symmetrical funnel plot with non-significant Egg-
er’s test (p = 0.86), indicating the absence of publication bias 
(Supplementary Fig. 17).

Worsening of renal function

In total, 12 studies with 18,940 participants have reported on 
the safety of sacubitril–valsartan against worsening of renal 
function amongst heart failure patients. The pooled RR was 
0.93 (95% CI: 0.78 to 1.11; I2 = 35.2%), indicating that the 

Overall, DL (I2 = 0.0%, p = 0.857)

Solomon 2019 (PARAGON HF)

Pieske 2021 [PARALLAX HF]

OUTSTEP HF 2019

McMurray 2014 [PARADIGM HF]

Desai 2019 [Evaluate HF]

CLCZ696BDE01 2019

Study

1.05 (0.93, 1.18)

1.06 (0.93, 1.20)

0.76 (0.37, 1.57)

1.34 (0.30, 5.93)

1.02 (0.75, 1.37)

5.04 (0.24, 104.48)

0.95 (0.14, 6.62)

(95% CI)

Risk Ratio

100.00

81.70

2.56

0.60

14.65

0.14

0.35

Weight

%

1
NOTE: Weights are from random-effects model; continuity correction applied to studies with zero cells

Overall, DL (I2 = 0.0%, p = 0.546)

OUTSTEP HF 2019

Kang 2019 [PRIME]

Desai 2019 [Evaluate HF]

CLCZ696BDE01 2019

Study

1.69 (0.38, 7.54)

1.00 (0.06, 15.97)

0.32 (0.01, 7.76)

5.04 (0.24, 104.48)

4.76 (0.23, 97.91)

(95% CI)

Risk Ratio

100.00

29.17

22.08

24.32

24.43

Weight

%

.0078125 1 128

NOTE: Weights are from random-effects model; continuity correction applied to studies with zero cells

A

B

Fig. 6   Forest plot showing the difference in arrhythmia endpoints between sacubitril–valsartan and control group patients. A Atrial arrhythmia. 
B Ventricular arrhythmia
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Fig. 7   Forest plot showing the 
difference in adverse events 
between sacubitril–valsartan 
and control group patients. A 
Symptomatic hypotension. B 
Worsening renal function. C 
Hyperkalaemia. D Angioedema
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patients receiving sacubitril–valsartan did not have a sig-
nificantly higher risk of having worsening of renal function 
when compared to patients receiving any other medications 
(p = 0.42) (Fig. 7B).

Subgroup analysis based on the status of ejection fraction 
revealed that the patients with either reduced ejection fraction 
or preserved ejection fraction did not have a higher risk of 
worsening of renal function following the administration of 
sacubitril–valsartan (Supplementary Fig. 18). Subgroup anal-
ysis based on the control group showed that the administration 
of sacubitril–valsartan had a significantly lower risk of wors-
ening renal function (pooled RR = 0.79; 95% CI: 0.68–0.92) 
when compared to ARBs (Supplementary Fig. 19). Subgroup 
analysis based on the dose of sacubitril–valsartan could not 
be performed as almost all the studies for this outcome used 
a dose of 200 mg twice daily. Assessment of publication bias 
revealed a symmetrical funnel plot with non-significant Egg-
er’s test (p = 0.87), indicating the absence of publication bias 
(Supplementary Fig. 20).

Hyperkalaemia

In total, 11 studies with 18,866 participants have reported 
on the safety of sacubitril–valsartan against hyperkalae-
mia amongst heart failure patients. The pooled RR was 
1.09 (95% CI: 0.94 to 1.26; I2 = 49.6%), indicating that the 
patients receiving sacubitril–valsartan did not have a signifi-
cantly higher risk of having hyperkalaemia when compared 

to patients receiving any other medications (p = 0.42) 
(Fig. 7C).

Subgroup analysis based on the status of ejection frac-
tion revealed that the patients with either reduced ejec-
tion fraction or preserved ejection fraction did not have a 
higher risk of hyperkalaemia following the administration 
of sacubitril–valsartan (Supplementary Fig. 21). Subgroup 
analysis based on the control group also did not show any 
difference in the risk of hyperkalaemia depending on the 
type of control group (Supplementary Fig. 22). Subgroup 
analysis based on the dose of sacubitril–valsartan could not 
be performed as almost all the studies for this outcome used 
a dose of 200 mg twice daily. Assessment of publication 
bias revealed an asymmetrical funnel plot with significant 
Egger’s test (p = 0.007), indicating the presence of publica-
tion bias (Supplementary Fig. 23).

Angioedema

In total, 8 studies with 18,289 participants have reported 
on the safety of sacubitril–valsartan against angioedema 
amongst heart failure patients. The pooled RR was 1.29 
(95% CI: 0.67 to 2.50; I2 = 23.7%), indicating that the patients 
receiving sacubitril–valsartan did not have a significantly 
higher risk of having angioedema when compared to patients 
receiving any other medications (p = 0.44) (Fig. 7D). Sub-
group analysis and publication bias assessment could not be 
performed due to limitation in the number of studies.

Overall, DL (I2 = 92.2%, p = 0.000)
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Fig. 8   Forest plot showing the difference in NT-proBNP between sacubitril–valsartan and control group patients
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Blood parameter

NT‑proBNP

In total, 9 studies with 2149 participants have reported 
on the efficacy of sacubitril–valsartan on the NT-proBNP 
amongst heart failure patients. The pooled MD was −0.70 
(95% CI: −1.06 to −0.34; I2 = 92.2%), indicating that the 
patients receiving sacubitril–valsartan had significantly lower 
NT-proBNP when compared to patients in the control group 
(p < 0.001) (Fig. 8). Subgroup analysis, meta-regression and 
publication bias assessment could not be performed due to 
limitation in the number of studies.

Additional analysis

Sensitivity analysis has showed that there was no significant 
difference in the outcome in terms of magnitude of associa-
tion or its direction for any of the above-mentioned outcomes.

Discussion

The role of sacubitril–valsartan in the management of heart 
failure patients has been extensively studied, and it has been 
recommended to be an integral part of the management of these 
patients. Hence, it is important to study the efficacy and safety 
of sacubitril–valsartan across a wide range of parameters and 
multiple subgroups to provide a conclusive evidence and rec-
ommendations to clinical practice. Hence, this review was done 
to determine the efficacy and safety of sacubitril–valsartan on 
the management of heart failure patients.

In total, 34 studies were found to match the eligibility of 
the review, conducted mostly in China and having a higher 
risk of bias. We found that sacubitril–valsartan significantly 
reduces the adverse clinical outcomes such as all-cause mor-
tality, cardiovascular mortality and hospitalizations for heart 
failure especially amongst patients with reduced ejection 
fraction. This was in line with the previous reviews report-
ing the efficacy of sacubitril–valsartan against mortality and 
hospitalization outcomes [15–18]. The distinguishing feature 
of our review is the comprehensive nature of the included 
studies (highest number of studies included across all these 
outcomes compared to previous reviews), subgroup analysis 
across multiple variables and additional analysis such as pub-
lication bias assessment and sensitivity analysis. Our review 
showed that the sacubitril–valsartan was more efficacious 
when compared to ACE inhibitors, while it was not signifi-
cantly different compared to ARBs. However, the number of 
trials comparing these two medications was limited. Hence, 
more trials comparing ARNIs and ARBs are required to bet-
ter understand the efficacy profile for heart failure patients.

Our review also showed favourable findings for sacubi-
tril–valsartan with respect to echocardiographic findings such 
as LVEF, LAVI and LVED. This was also in line with the 
previous review reporting the difference in echocardiographic 
parameters between ARNIs and ACE inhibitors/ARBs [15]. 
The possible mechanism behind such protective effect of 
sacubitril–valsartan has been extensively reported in previous 
evidences. One of the commonest reported mechanisms is the 
simultaneous modulatory effects on calcium homeostasis and 
its role on major neurohormonal regulatory systems such as 
renin–angiotensin–aldosterone system (RAAS) and natriuretic 
peptide system (overactivated in heart failure patients) [56–58]. 
Improvement in the hemodynamic mechanism of heart fail-
ure patients by ARNIs can result in lesser oxidative stress and 
translational modification in intracellular ion channel involved 
in the calcium homeostasis leading to reduction in cardiac 
morbidity and mortality [56–59]. Additional mechanisms are 
related to the effect of ARNIs on natriuresis, decrease in wall 
stretch and myocardial fibrosis, vasodilation and reduction in 
sympathetic activation and inflammation [60–63].

There was no significant difference in terms of arrhythmia 
endpoints (both atrial and ventricular arrhythmias) between 
sacubitril–valsartan and control group patients. Previous stud-
ies assessing these endpoints have also reported no difference 
between these groups [64, 65]. Here also, the number of tri-
als assessing these outcomes is limited and requires further 
large-scale trials to provide conclusive evidence on arrhythmia 
endpoints.

The safety profile of sacubitril–valsartan was also 
similar to the ACE inhibitors/ARBs/conventional treat-
ment with respect to hyperkalaemia, worsening renal 
function and angioedema. However, only limitation with 
the sacubitril–valsartan was the higher risk of sympto-
matic hypotension when compared to other medications 
for heart failure. These findings were also in line with 
the previous reviews comparing the adverse events of 
ARNIs with control groups [17, 66]. We also found that 
sacubitril–valsartan significantly reduces the NT-proBNP 
when compared to ACE inhibitors/ARBs/placebo group 
medications amongst heart failure patients. All these find-
ings show that the ARNIs have several protective efficacy 
parameters amongst heart failure patients.

Strengths and limitations

This review has certain strengths. Only RCTs were included in 
this review, which improves the strength of evidence. Compre-
hensive search was conducted to reach the best possible evi-
dence on this topic. No heterogeneity was found across almost 
all the outcomes, which might enhance the generalizability of 
the study findings. Sensitivity analysis also did not report any 
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small study effects for any of the outcomes. Subgroup analysis 
was done across various important covariates, which might 
help in providing specific recommendations.

Despite these strengths, current meta-analysis has some 
limitations. Most included studies had a higher risk of bias, 
which might limit the credibility of the evidence. We found 
significant publication bias and heterogeneity across few 
outcomes. Hence, the study findings should be interpreted 
with caution. We tried to explore the source of heterogene-
ity using meta-regression across different variables. How-
ever, due to limitation of studies, it cannot be done for other 
outcomes reporting significant heterogeneity.

Implications for clinicians and future research

Despite these limitations, this study has important impli-
cations for the clinicians and their practice. ARNIs have 
similar safety profile and better efficacy profile than ACE 
inhibitors/ARBs/any other forms of medications amongst 
heart failure patients. Hence, management of heart failure 
patients with ARNIs is important especially amongst the 
patients with reduced ejection fraction. This further pro-
motes the longevity of the patients especially the chronic 
heart failure patients.

This review also supports the need for more RCTs on 
acute type of heart failure and on outcomes such as arrhyth-
mia endpoints and quality of life. Future research should 
focus primarily on conducting a large-scale RCT, comparing 
multiple combined interventions and decide on the best pos-
sible intervention. Future RCTs should also strive towards 
disclosing conclusively the short-term and long-term effects 
of these medications to ensure proper management of heart 
failure patients.
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