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ABSTRACT 

Objective: To evaluate the comparative effect of sacubitril/valsartan versus angiotensin-converting enzyme inhibitors or angiotensin receptor 
blockers on all-cause mortality in adults with heart failure using evidence from randomized controlled trials. 

Methods: A systematic review and meta-analysis of randomized controlled trials was conducted in accordance with PRISMA 2020 guidelines. 
Electronic databases including PubMed, Scopus, Google Scholar, and the Cochrane Library were searched to identify eligible studies. Trials enrolling 
adults with heart failure and directly comparing sacubitril/valsartan with an ACE inhibitor or ARB were included. The primary outcome was all-
cause mortality. Risk ratios with 95% confidence intervals were pooled using an inverse-variance fixed-effect model. 

Results: Three randomized controlled trials comprising more than 18,000 participants met the inclusion criteria. Sacubitril/valsartan was 
associated with a statistically significant reduction in all-cause mortality compared with ACE inhibitors or ARBs (pooled RR = 0.89; 95% CI: 0.83–
0.95). Statistical heterogeneity was low (I² = 12.7%). The observed mortality benefit was largely driven by trials enrolling patients with reduced 
ejection fraction. 

Conclusion: This meta-analysis demonstrates that sacubitril/valsartan confers a modest but significant reduction in all-cause mortality compared 
with conventional renin–angiotensin system inhibitors in adults with heart failure. These findings support the preferential use of angiotensin 
receptor–neprilysin inhibition in appropriate patients, particularly those with reduced ejection fraction, while highlighting the need for further 
randomized evidence in other heart-failure phenotypes. 
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INTRODUCTION 

Cardiovascular diseases remain the leading cause of mortality 
worldwide, accounting for a substantial proportion of global deaths 
and disability, with heart failure representing a major and growing 
contributor to this burden [1]. Heart failure affects millions of 
individuals globally and is associated with high rates of 
hospitalization, impaired quality of life, and premature mortality 
despite advances in contemporary medical therapy [2]. The rising 
prevalence of heart failure is driven by population ageing and 
improved survival from acute cardiovascular conditions, resulting in 
an expanding population living with chronic disease [1, 3]. 

Pharmacological modulation of neurohormonal pathways has long 
formed the cornerstone of heart failure management, particularly 
through inhibition of the renin–angiotensin system using 
angiotensin-converting enzyme inhibitors (ACE inhibitors) or 
angiotensin receptor blockers (ARBs) [4, 5]. Robust evidence from 
randomized trials and systematic reviews has demonstrated that 
ACE inhibitors reduce mortality and morbidity in patients with heart 
failure with reduced ejection fraction, establishing them as first-line 
disease-modifying therapy [5, 6]. ARBs have been shown to provide 
an alternative in patients intolerant to ACE inhibitors, although their 
mortality benefit compared with ACE inhibitors has remained less 
consistent across studies [6]. 

Sacubitril/valsartan, an angiotensin receptor–neprilysin inhibitor, 
was developed to enhance neurohormonal modulation by combining 
neprilysin inhibition with angiotensin II receptor blockade, thereby 
augmenting natriuretic peptide activity while suppressing 
maladaptive renin–angiotensin signaling [7]. Large randomized 
controlled trials have evaluated sacubitril/valsartan across diverse 
clinical settings, including heart failure with reduced ejection 

fraction, heart failure with preserved ejection fraction, and post–
myocardial infarction populations [8–10]. While some trials 
demonstrated significant reductions in mortality and morbidity 
compared with conventional renin–angiotensin system inhibition, 
others reported neutral effects, particularly in populations without 
reduced ejection fraction [9, 10]. 

All-cause mortality represents the most objective and clinically 
meaningful endpoint in cardiovascular outcomes research, as it 
avoids misclassification and adjudication bias inherent in cause-
specific mortality outcomes [6, 11]. Despite the widespread adoption 
of sacubitril/valsartan in clinical practice and guideline 
recommendations supporting its use in selected patient populations, 
uncertainty remains regarding its overall effect on all-cause 
mortality when compared directly with ACE inhibitors or ARBs 
across the spectrum of adult heart failure [7, 11, 12]. Prior reviews 
have often combined heterogeneous study designs, included 
observational data, or focused on composite outcomes rather than 
mortality alone, limiting definitive conclusions [12–14]. 

Given the central role of mortality reduction in guiding therapeutic 
decision-making and the availability of few yet large randomized 
controlled trials directly comparing sacubitril/valsartan with renin–
angiotensin system inhibitors, a focused synthesis of randomized 
evidence is warranted [8–10]. Clarifying the comparative effect of 
sacubitril/valsartan on all-cause mortality may help inform 
clinicians, guideline developers, and policymakers regarding its 
overall survival benefit relative to established therapies [2, 7]. 

Therefore, the objective of this meta-analysis was to evaluate 
whether sacubitril/valsartan reduces all-cause mortality compared 
with ACE inhibitors or angiotensin receptor blockers in adults with 
heart failure using evidence from randomized controlled trials. 
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MATERIALS AND METHODS 

Research question 

The present meta-analysis was conducted to address the following 
research question: Among adult patients with heart failure, does 
treatment with sacubitril/valsartan, compared with angiotensin-
converting enzyme inhibitors or angiotensin receptor blockers, 
reduce all-cause mortality? 

Study design and reporting standards 

This study employed a quantitative meta-analytic approach using data 
derived exclusively from eligible published studies. The conduct and 
reporting of the meta-analysis were guided by the Preferred Reporting 
Items for Systematic Reviews and Meta-Analyses (PRISMA) 2020 
guidelines to ensure methodological transparency, reproducibility, and 
scientific rigor [15]. As this analysis was based solely on previously 
published data and did not involve the collection of new data from 
human or animal subjects, formal ethical approval or institutional review 
board clearance was not required. 

Eligibility criteria 

Studies were considered eligible for inclusion if they were 
randomized controlled trials involving adult participants aged 18 
years or older and enrolled patients diagnosed with heart failure, 
regardless of ejection fraction phenotype. Eligible trials were 
required to directly compare sacubitril/valsartan with an 
angiotensin-converting enzyme inhibitor or an angiotensin receptor 
blocker and to report outcomes related to all-cause mortality. Only 
studies published as full-text articles in peer-reviewed journals in 
English language were included to ensure methodological quality 
and data completeness. Studies were excluded if they were 
observational in design, non-randomized, or based on registry data. 
Trials involving paediatric populations were not considered. 
Additionally, studies were excluded if they did not include a direct 
comparator arm using an ACE inhibitor or ARB, or if 
sacubitril/valsartan was evaluated as part of combination therapy 
without the ability to isolate its independent effect. Conference 
abstracts, editorials, review articles, and studies lacking sufficient 
outcome data were also excluded. In cases of duplicate publications, 
the most comprehensive and recent report was retained for analysis. 

Search strategy 

After conducting a comprehensive search of electronic databases, the 
reviewers were able to discover research that met the eligibility criteria. 
Several databases, such as Google Scholar, Scopus, PubMed, and the 
Cochrane Library, were searched thoroughly by the reviewers. 

Boolean operators along with the keywords, such as the following, 
were incorporated into the search method:  

(“sacubitril/valsartan” or “angiotensin receptor–neprilysin 
inhibitor” or “arni ”and“ heart failure ”and“ randomized controlled 
trial” or “randomised trial ”and“ mortality” or “all-cause mortality”) 

Search results were restricted to studies published in English and 
involving human participants. Reference lists of relevant articles and 
reviews were also manually screened to identify additional eligible 
studies. 

Study selection process 

All records retrieved from the literature search were initially screened 
based on titles and abstracts to exclude clearly irrelevant studies. Full-
text articles were then assessed for eligibility according to the predefined 
inclusion and exclusion criteria. The study selection process was 
conducted systematically by two independent reviewers, and only trials 
meeting all eligibility requirements were included in the final analysis. 
Discrepancies during study selection were resolved through discussion 
and consensus by a third independent reviewer. 

Data extraction process 

Data were extracted from eligible studies using a standardized data 
collection approach. Extracted information included study 
characteristics, patient population, intervention and comparator 

details, dosage regimens, duration of follow-up, and the number of 
all-cause mortality events in each treatment group. Outcome data 
were extracted directly from the primary trial reports to ensure 
accuracy. When necessary, calculations were performed using raw 
event counts to derive effect estimates. 

Statistical analysis 

The primary outcome of interest was all-cause mortality. For each 
included trial, risk ratios (RRs) and corresponding standard errors 
were calculated using raw event counts from the intervention and 
comparator groups. Pooled effect estimates were generated using an 
inverse-variance fixed-effect model, assuming a common underlying 
treatment effect across studies. Results are presented as pooled RRs 
with 95% confidence intervals. Statistical heterogeneity was 
assessed using Cochran’s Q statistic and the I² statistic; however, 
heterogeneity estimates were interpreted cautiously due to the 
small number of included studies. Formal assessment of publication 
bias using funnel plots or statistical tests such as Egger’s regression 
was not performed because fewer than ten studies were included, 
rendering such methods unreliable and potentially misleading. 
Subgroup analyses and leave-one-out sensitivity analyses were not 
conducted as the heterogeneity was low, as only three randomized 
controlled trials met the inclusion criteria. 

RESULTS 

Study selection and sample characteristics 

The systematic literature search identified multiple records relevant to 
the comparative efficacy of sacubitril/valsartan in heart failure. After 
removal of duplicate records, titles and abstracts were screened for 
relevance. Studies that were clearly observational, non-randomized, or 
did not include a direct comparison with angiotensin-converting 
enzyme inhibitors or angiotensin receptor blockers were excluded. 
Full-text articles were then assessed for eligibility, resulting in the 
inclusion of three randomized controlled trials that metal predefined 
criteria. These trials collectively enrolled over 18,000 adult 
participants with heart failure across diverse clinical settings, 
including heart failure with reduced ejection fraction, heart failure 
with preserved ejection fraction, and patients with recent myocardial 
infarction and left ventricular dysfunction. All included studies 
reported all-cause mortality and were published as full-text articles in 
peer-reviewed journals. A PRISMA flow diagram summarizing the 
study selection process is presented in table 1. 
 

Table 1: PRISMA summary table 

Stage Frequency (n) 
Records identified through database searching 114 
Duplicates removed 68 
Records screened 46 
Records excluded 38 
Full-text articles assessed for eligibility 8 
Full-text articles excluded 5 
Studies included in qualitative and quantitative 
synthesis 

3 

 

Study characteristics 

Across all trials, sacubitril/valsartan was administered at guideline-
recommended target doses and compared against standard-of-care 
renin–angiotensin system inhibitors. Follow-up durations ranged 
from 96 to 152 w, ensuring adequate capture of mortality outcomes. 
Details of study attributes which were included in this meta-analysis 
are depicted in table 2. 

Meta-analysis findings 

Using an inverse-variance fixed-effect model, sacubitril/valsartan 
was associated with a statistically significant reduction in all-cause 
mortality compared with ACE inhibitors or ARBs. The pooled risk 
ratio was 0.89, corresponding to a 11% relative reduction in 
mortality, with a 95% confidence interval ranging from 0.83 to 0.95 
(statistically significant). The effect estimates of the meta-analysis 
are summarised below in table 3. 
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Table 2: Attributes of included randomized controlled trials (RCTs) 

Study 
ID 

First 
Author 
(Year) 

Study 
Design 

Populat
ion 

Interven
tion 

Comparat
or 

Intervent
ion dose 

Comparat
or dose 

Primary 
outcome 

Proportion of 
patients 
achieving target 
outcome 
(Intervention)* 

Proportion of 
patients 
achieving 
target outcome 
(Comparator)*
* 

Duratio
n 
(weeks
) 

PARAD
IGM-
HF 

McMurray 
(2014) [8] 

Double
-blind 
RCT 

Chronic 
HFrEF 

Sacubitril
/valsarta
n 

Enalapril 200 mg 
BID 

10 mg BID All-cause 
mortality 

0.1698 0.1982 117 

PARAG
ON-HF 

Solomon 
(2019) [9] 

Double
-blind 
RCT 

HFpEF Sacubitril
/valsarta
n 

Valsartan 97/103 
mg BID 

160 mg 
BID 

All-cause 
mortality 

0.1421 0.1461 152 

PARAD
ISE-MI 

Pfeffer 
(2021) 
[10] 

Double
-blind 
RCT 

Post-MI, 
EF 
≤40% 

Sacubitril
/valsarta
n 

Ramipril 97/103 
mg BID 

5 mg BID All-cause 
mortality 

0.0753 0.0855 96 

*Proportion of patients achieving target outcome in intervention group = Sample size of intervention group showing the desired outcome/Total 
sample size of intervention group. **Proportion of patients achieving target outcome in Comparator group = Sample size of comparator group 
showing the desired outcome/Total sample size of comparator group. 

 

Table 3: Summary of effect estimates for included randomized controlled trials 

Study ID RR Log(RR) SE Lower 95% 
CI 
(Individual 
study) 

Upper 95% 
CI 
(Individual 
study) 

Weight Weighted 
Log (RR) 

Pooled 
RR 

SE of 
pooled 
Log(RR) 

Lower 
95% CI 
(Meta-
analysis) 

Upper 
95% CI 
(Meta-
analysis) 

PARADIGM-
HF 

0.857 −0.155 0.046 0.783 0.938 469.96 −72.75 0.89 0.035 0.83 0.95 

PARAGON-
HF 

0.973 −0.028 0.070 0.847 1.117 201.81 −5.60 

PARADISE-
MI 

0.880 −0.127 0.090 0.738 1.051 123.15 −15.68 

RR: Risk Ratio; SE: Standard Error; CI: Confidence Interval. 

 

Forest plot 

A forest plot illustrating individual study effect estimates and the pooled 
fixed-effect result is presented in (fig. 1). The plot demonstrates that the 

overall effect favours sacubitril/valsartan, with the pooled estimate lying 
entirely to the left of the line of no effect (RR = 1.0). The PARADIGM-HF 
trial contributed the greatest statistical weight, while the remaining trials 
showed neutral but directionally consistent effects. 

 

 

Fig. 1: Forest plot 

 

Risk of bias assessment 

All included trials demonstrated a low risk of bias across all 
domains, reflecting high methodological quality, appropriate 
randomization, adequate blinding, and complete outcome reporting. 
Table 4 shows the Risk of Bias (RoB) assessment of the meta-
analysis as per the Cochrane RoB 2 guidance tool [16]. 

Heterogeneity assessment 

Statistical heterogeneity was low, with an I² value of 12.7%, indicating 
minimal inconsistency across studies. However, given the inclusion of 
only three trials, heterogeneity estimates were interpreted cautiously. 
Table 5 shows Cochrane’s Q statistic and I2statistic calculation for the 
heterogeneity assessment of the meta-analysis. 
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Table 4: Risk of bias (RoB) assessment for included randomized controlled trials 

Study ID Randomization 
process 

Allocation 
concealment 

Blinding of 
participants and 
personnel 

Blinding of 
outcome 
assessment 

Incomplete 
outcome data 

Selective 
reporting 

Overall 
risk of 
bias 

PARADIGM-HF Low Low Low Low Low Low Low 
PARAGON-HF Low Low Low Low Low Low Low 
PARADISE-MI Low Low Low Low Low Low Low 

 
Table 5: Heterogeneity assessment of included studies 

Study ID ((Log RR-Pooled log RR)^2)*weight Cochran's Q statistic Degrees of freedom (df) I2 statistic 
PARADIGM-HF 0.627 2.29 2 12.7% 
PARAGON-HF 1.654 
PARADISE-MI 0.010 

 

DISCUSSION 

In this fixed-effect meta-analysis of randomized controlled trials, 
treatment with sacubitril/valsartan was associated with a 
statistically significant reduction in all-cause mortality compared 
with angiotensin-converting enzyme inhibitors or angiotensin 
receptor blockers among adults with heart failure. The pooled risk 
ratio indicated an approximate 11% relative reduction in mortality, 
underscoring a clinically meaningful survival benefit with 
angiotensin receptor–neprilysin inhibition in selected heart-failure 
populations [17]. 

The observed mortality benefit is largely consistent with prior 
systematic reviews and meta-analyses that have demonstrated the 
superiority of sacubitril/valsartan over conventional renin–
angiotensin system inhibition, particularly in patients with heart 
failure and reduced ejection fraction [17, 18]. Earlier pooled analysis 
have reported reductions in cardiovascular mortality and heart-
failure hospitalization with angiotensin receptor–neprilysin 
inhibitors, although the magnitude of benefit has varied depending 
on study design, population characteristics, and outcome definitions 
[17]. By focusing exclusively on randomized controlled trials and all-
cause mortality, the present analysis minimizes bias associated with 
composite endpoints and observational data. 

The findings of this meta-analysis are strongly influenced by 
evidence from the PARADIGM-HF trial, which demonstrated a 
significant reduction in all-cause and cardiovascular mortality with 
sacubitril/valsartan compared with enalapril in patients with 
chronic heart failure and reduced ejection fraction [8]. In contrast, 
trials enrolling patients with preserved ejection fraction or those 
with recent myocardial infarction have reported more neutral 
effects on mortality, highlighting the heterogeneity of treatment 
response across heart-failure phenotypes [9, 10]. This differential 
effect likely reflects underlying pathophysiological differences, with 
neurohormonal modulation playing a more central role in systolic 
heart failure than in preserved ejection fraction syndromes. 

Real-world observational studies have further supported the 
mortality benefit of sacubitril/valsartan when compared with ACE 
inhibitor or ARB therapy in routine clinical practice, reporting 
reductions in all-cause mortality ranging from 10% to 25% [18, 19]. 
Although such studies are subject to residual confounding, their 
consistency with randomized evidence strengthens the external 
validity of the present findings and suggests that the benefits of 
sacubitril/valsartan extend beyond highly selected trial populations 
[18]. Importantly, real-world data have also highlighted disparities 
in treatment response across demographic subgroups, emphasizing 
the need for individualized therapeutic decision-making [19]. 

The biological plausibility of the observed mortality reduction is 
supported by the dual mechanism of sacubitril/valsartan, which 
simultaneously suppresses the deleterious effects of the renin–
angiotensin system while enhancing natriuretic peptide activity [20]. 
This combined neurohormonal modulation has been shown to 
improve ventricular remodelling, reduce myocardial stress, and 
favourably influence hemodynamic and metabolic pathways 
implicated in heart-failure progression [21]. Such mechanisms may 

explain the sustained survival benefit observed in long-term follow-
up of patients with reduced ejection fraction. 

This meta-analysis has several important strengths. First, it is 
restricted exclusively to randomized controlled trials, thereby 
minimizing confounding and selection bias and strengthening the 
internal validity of the pooled estimates. Second, the analysis focuses 
solely on all-cause mortality, a hard and objective clinical endpoint 
that avoids misclassification and adjudication bias associated with 
cause-specific or composite outcomes. Third, all included trials were 
large, multicenter studies with rigorous methodology, standardized 
outcome reporting, and adequate follow-up duration, enhancing the 
reliability of the findings. 

In addition, the use of a fixed-effect inverse-variance model is 
appropriate given the limited number of included studies and the 
low observed statistical heterogeneity, allowing for precise 
estimation of the pooled effect. Data extraction was based on raw 
event counts, ensuring transparency and reproducibility of 
calculations. Finally, by avoiding inclusion of observational studies 
and short-term surrogate endpoints, this meta-analysis provides a 
focused and clinically meaningful synthesis of the highest level of 
available evidence. 

Despite these strengths, several limitations merit consideration. 
First, only three randomized controlled trials met the inclusion 
criteria, limiting the statistical power to explore heterogeneity, 
conduct subgroup analysis, or formally assess publication bias. 
Second, the pooled effect estimate was predominantly driven by a 
single large trial, and the mortality benefit may not be uniformly 
applicable across all heart-failure phenotypes. Third, differences in 
trial populations, background therapy, and follow-up duration may 
have contributed to variability in individual study effects, although 
overall heterogeneity was low. Fourth, Microsoft Excel was used to 
perform the meta-analytic calculations; it has inherent limitations 
when compared with dedicated meta-analysis software. Excel lacks 
built-in functions for advanced meta-analytic modelling, automated 
error checking, and reproducible workflows, increasing the potential 
for manual calculation or referencing errors. Nevertheless, 
transparent use of raw event data and standardized formulas 
allowed accurate estimation of effect sizes in the present analysis. 

CONCLUSION 

In summary, this meta-analysis provides robust randomized 
evidence supporting a modest but significant reduction in all-cause 
mortality with sacubitril/valsartan compared with ACE inhibitors or 
ARBs in adults with heart failure. The findings reinforce current 
guideline recommendations favouring angiotensin receptor–
neprilysin inhibition in appropriate patients, while also highlighting 
the need for further randomized studies to clarify its role in 
populations beyond heart failure with reduced ejection fraction. At a 
broader level, the results may inform health policy and formulary 
decisions by providing randomized evidence of a survival advantage 
with sacubitril/valsartan. Future research should aim to clarify its 
role in populations with preserved ejection fraction and in post–
myocardial infarction settings, as well as to explore long-term 
outcomes and cost-effectiveness in real-world practice. 
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