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Background: With the increase of hypertensive patients worldwide, the need for better antihypertensive 
drugs to achieve blood pressure standards and reduce complications is of great clinical significance. As an 
angiotensin receptor-neprilysin inhibitor, sacubitril/valsartan has been widely used in the treatment of heart 
failure, but its efficacy and safety in the treatment of middle-aged and elderly hypertensive patients are still 
controversial. Therefore, we performed a meta-analysis to compare the efficacy and safety of sacubitril/
valsartan and other antihypertensive drugs in the treatment of middle-aged and elderly patients with 
hypertension.
Methods: The databases of PubMed, Embase, and Web of Science were systematically searched from their 
establishment to February 2022 to collect the randomized controlled trials (RCTs) of sacubitril/valsartan 
and other antihypertensive drugs in the treatment of middle-aged and elderly hypertensive patients. The 
Cochrane Collaboration’s tool was used to assess risk of bias for included studies, and the meta-analysis was 
performed by using RevMan 5.3.
Results: In all, 7 studies which met the criteria were included, with a total sample size of 3,323 patients, 
including 1,899 patients treated with sacubitril/valsartan, and 1,424 patients treated with angiotensin II receptor 
blockers (ARBs). The meta-analysis showed that compared with other antihypertensive drugs, sacubitril/
valsartan can significantly reduce mean reductions in sitting systolic blood pressure [mean difference (MD) 
=−4.70, 95% confidence interval (CI): −5.79 to −3.61, P<0.001], mean reductions in sitting diastolic blood 
pressure (MD =−2.29, 95% CI: −2.53 to −2.04, P<0.001), 24-hour mean reductions in ambulatory systolic blood 
pressure (MD =−3.36, 95% CI: −4.08 to −2.64, P<0.001), and 24-hour mean reductions in ambulatory diastolic 
blood pressure (MD =−1.49, 95% CI: −1.99 to −0.99, P<0.001), while there was no significant difference in the 
incidence of adverse events [odds ratio (OR) =1.14, 95% CI: 1.00 to 1.31, P=0.06], serious adverse events (OR 
=1.06, 95% CI: 0.64 to 1.76, P=0.81), and discontinuations due to adverse events (OR =0.86, 95% CI: 0.51 to 
1.46, P=0.58).
Discussion: Compared with other antihypertensive drugs, sacubitril/valsartan may be more effective in 
lowering blood pressure, and its safety may be comparable to that of ARBs. However, these results have 
to be confirmed by future RCTs with larger sample sizes and higher quality, and the long-term benefits of 
sacubitril/valsartan require further observation.
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Introduction

Hypertension is a common cardiovascular disease and a 
well-known risk factor for other cardiovascular diseases. 
According to the American College of Cardiology/
American Heart Association (ACC/AHA) High Blood 
Pressure Guideline released in 2017, nearly 46% of 
Americans have hypertension (1). A study showed that the 
global number of hypertensive patients will increase to 
1.5 billion by 2025 (2). In China, a survey showed that the 
overall prevalence of hypertension among the elderly is 
53.2%, affecting 51.1% of males and 55.3% of females (3). 
With the development of new antihypertensive drugs and 
the launch of large-scale antihypertensive trials, the drug 
treatment of hypertension has been rapidly developed, and 
some trials have shown that antihypertensive drugs have 
great benefits in reducing the risk of major cardiovascular 
events and all-cause mortality (4). At present, the first-
line antihypertensive drugs recommended by international 
hypertension guidelines mainly include calcium channel 
blockers (CCB), angiotensin converting enzyme inhibitors 
(ACEI), angiotensin II receptor blockers (ARBs), diuretics, 
and β blockers (5,6). However, whether within China, 
the United States, or the broader global population, the 
majority of middle-aged and elderly hypertensive patients 
still have poor blood pressure control (5,7,8). Therefore, 
it is necessary to keep looking for better antihypertensive 
drugs to help patients achieve the target blood pressure and 
reduce the incidence of cardiovascular events.

Sacubitril/valsartan, an angiotensin receptor-neprilysin 
inhibitor (ARNI), has attracted great interest following its 
approval for the treatment of heart failure with reduced 
ejection fraction (HFrEF). A prospective clinical study 
comparing sacubitril/valsartan with enalapril to determine 
the effects of sacubitril/valsartan in patients with HFrEF 
showed that these patients not only had lower rates of 
mortality and hospitalization for heart failure, but also had 
a lower systolic blood pressure by 3.2 mmHg (9). Some 
studies have also shown that sacubitril/valsartan has better 
antihypertensive effect than ACEI and ARBs in heart failure 
patients with hypertension (10,11). In addition, a study 
showed that sacubitril/valsartan reduced the incidence 
of renal impairment and hyperkalemia compared with 
traditional antihypertensive drugs (12). In recent years, 
ethics committees have approved several randomized 
controlled trials (RCTs) to evaluate the efficacy and safety 
of sacubitril/valsartan as an antihypertensive drug, mostly 
for the treatment of hypertension in middle-aged and 

elderly patients. In these RCTs, results from one study 
to another were not completely consistent. In terms of 
efficacy, compared with other antihypertensive drugs, one 
study (13) suggested that sacubitril/valsartan had a better 
antihypertensive effect, while the other study (14) found 
that the efficacy of sacubitril/valsartan was not much 
different. Similarly, in terms of safety, compared with 
other antihypertensive drugs, one study (15) considered 
sacubitril/valsartan to be safer, one study (16) suggested 
that sacubitril/valsartan had no significant difference 
in safety, and another study (13) found that sacubitril/
valsartan was more prone to adverse events (AEs). Based 
on these inconsistent results, a meta-analysis is suitable to 
investigate the efficacy and safety of sacubitril/valsartan 
in the treatment of middle-aged and elderly hypertensive 
patients. In order to determine and quantify the efficacy 
and safety of sacubitril/valsartan in the treatment of 
middle-aged and elderly patients with hypertension, we 
evaluated the impact of different antihypertensive drugs 
on outcomes in middle-aged and elderly hypertensive 
patients by performing a systematic review and meta-
analysis of RCTs between sacubitril/valsartan and other 
antihypertensive drugs. We summarized and analyzed the 
clinical trial data, hoping to provide a reliable basis for the 
clinical application of sacubitril/valsartan in the treatment 
of hypertension. We present the following article in 
accordance with the PRISMA reporting checklist (available 
at https://apm.amegroups.com/article/view/10.21037/apm-
22-503/rc) (17).

Methods

Evidence acquisition

A prospective protocol of objectives, literature search 
strategies, inclusion and exclusion criteria, outcome 
measurements, and methods of statistical analysis was 
prepared in advance.

Literature-search strategy
A literature search was conducted in February 2022 and was 
not restricted by region, publication type, or language. The 
main data sources were the electronic databases of PubMed, 
Embase, and Web of Science. We searched [Title/Abstract] 
for the following terms and their combinations: sacubitril/
valsartan OR Entresto OR LCZ696 OR AHU377 AND 
hypertension OR high blood pressure. Related article 
functions were also used to extend the search, and computer 

https://apm.amegroups.com/article/view/10.21037/apm-22-503/rc
https://apm.amegroups.com/article/view/10.21037/apm-22-503/rc
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searches were complemented by manual searches of all 
bibliography that retrieved research, review articles, and 
conference abstracts. When multiple reports describing the 
same population are published, the latest or complete report 
was used.

Inclusion and exclusion criteria
The inclusion criteria were as follows: (I) type: published 
RCTs comparing sacubitr i l /va l sartan with other 
antihypertensive drugs in middle-aged and elderly patients 
with hypertension; (II) participants: middle-aged and 
elderly patients aged ≥55 years with clinically diagnosed 
hypertension; (III) interventions: the experimental group 
was only treated with sacubitril/valsartan, and the control 
group was treated with one of the other antihypertensive 
drugs (such as CCB, ARBs, β blockers, etc.); (IV) outcomes: 
(i) mean reductions in sitting systolic blood pressure 
(msSBP); (ii) mean reductions in sitting diastolic blood 
pressure (msDBP); (iii) 24-hour mean reductions in 
ambulatory systolic blood pressure (24-h maSBP); (iv) 
24-hour mean reductions in ambulatory diastolic blood 
pressure (24-h maDBP); (v) AEs; (vi) serious adverse events 
(SAE); (vii) discontinuations due to AEs.

The exclusion criteria were as follows: (I) patients aged 
<55 years; (II) editorials; (III) letters to editor; (IV) review 
articles; (V) case reports; (VI) unavailable full texts; (VII) 
meeting abstracts; (VIII) abstract data not extractable; and 
(IX) animal experimental studies.

Data extraction and outcomes of interest
The data in the included studies were independently 
extracted and summarized by three authors (HX Wu, KK 
Liu, and BN Li). Any disagreement was resolved by the 
adjudicating senior authors (HX Wu and JC Jin).

According to the purpose, the name of the first author, 
the country/region of origin, the time of publication, the 
design of study, the plan and timing of intervention, the 
total number of middle-aged and elderly hypertensive 
patients, the number of patients in experimental group and 
control group, the average age, the average body mass index 
(BMI), the baseline blood pressure, and the outcomes were 
extracted from each included study.

The outcomes used to evaluate the efficacy of sacubitril/
valsartan in the treatment of middle-aged and elderly 
hypertensive patients were msSBP, msDBP, 24-h maSBP, 
and 24-h maDBP, while outcomes used to evaluate 
the safety of sacubitril/valsartan were AEs, SAE, and 
discontinuations due to AEs.

Quality assessment and statistical analysis
The Cochrane Collaboration’s tool for assessing risk 
of bias (The Nordic Cochrane Centre, Copenhagen, 
Denmark) was used for all included RCTs, including: (I) 
random sequence generation (selection bias); (II) allocation 
concealment (selection bias); (III) blinding of participants 
and personnel (performance bias); (IV) blinding of outcome 
assessment (detection bias); (V) incomplete outcome data 
(attrition bias); (VI) selective reporting (reporting bias); and 
(VII) other bias.

All meta-analyses were performed using Review Manager 
5.3 (RevMan 5.3; Cochrane Collaboration, Oxford, UK). 
Continuous variables such as msSBP, msDBP, 24-h maSBP, 
and 24-h maDBP were represented by mean difference 
(MD) and its 95% confidence interval (CI), and binary 
variables such as AEs, SAE, and discontinuations due to AEs 
were represented by odds ratio (OR) and its 95% CI. The 
chi-square test was used to analyze the heterogeneity of the 
included studies, with significance set at P<0.10. If P>0.10 
and I2≤50%, indicating the homogeneity between studies 
was good, and the fixed-effects model was used. If P≤0.10 
and/or I2>50%, indicating that there was heterogeneity 
among studies, and the random-effects model was used (18).

Sensitivity analysis was performed for outcomes with 
greater heterogeneity, and individual studies were excluded 
in turn to identify potential causes. Funnel plots were used 
to screen for potential publication bias.

Results

Evidence synthesis

In all, seven studies including 3,323 cases (1,899 cases of 
sacubitril/valsartan and 1,424 cases of other antihypertensive 
drugs) fulfilled the predetermined inclusion criteria, and 
were eventually included in the analysis (13-16,19-21). All 
seven publications were full-text articles. An examination 
of the references listed in these publications and review 
articles of these studies did not result in any further research 
evaluations. The consistency between the two reviewers (HX 
Wu and JC Jin) was 97% on study selection and 94% on 
trial quality assessment.

Characteristics of studies
Based on the literature search strategy, 355 articles were 
identified as potentially relevant. After a preliminary review 
of 355 articles by reading titles and abstracts, 322 articles 
were excluded and 33 articles were retrieved, which were 
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further reviewed in full text. A total of 26 of the studies 
were excluded on the basis of selection criteria, leaving 
seven studies to be evaluated. The flow chart of the study 
selection process and the reasons for excluding the studies 
are shown in Figure 1.

Tables 1,2 show the characteristics and data of the included 
studies. Seven studies (13-16,19-21) included in this meta-
analysis were published between 2017 and 2019, which came 
from America (15,20), Britain (14), Germany (21), Mainland 
China (16), Taiwan China (19), and Thailand (13).

The studies included in this meta-analysis were all RCTs. 
A total of 3,323 middle-aged and elderly hypertensive 
patients were included, of whom 1,899 were treated with 
sacubitril/valsartan and 1,424 with valsartan or olmesartan. 
Three studies had an 8-week intervention (15,16,20), and 
the remaining studies had an intervention duration of 4 
weeks (19), 14 weeks (13), and 52 weeks (14,21). In the 
experimental group, sacubitril/valsartan was administered at 
doses of 200 and 400 mg/d in two studies (13,16), 200 mg/d 
in two studies (14,15), and 400 mg/d in three studies (19-21).  

The antihypertensive drugs used in the control group 
included valsartan (19,20) and olmesartan (13-16,21), of 
which valsartan was 320 mg/d and olmesartan was 20 and 
40 mg/d.

Methodological quality of included studies
The quality of included studies was generally high. All 
included studies described the random methods, blinded 
participants, investigators, and outcome evaluators, and 
detailed inclusion and exclusion criteria. One study (20) 
did not clearly describe the allocation concealment, and 
three studies (13,15,21) were lost to follow-up and did not 
describe the cause of loss. After reading all the included 
studies, no other bias was found. The risk of bias graph and 
risk of bias summary of the included studies are shown in 
Figure 2.

Outcomes to evaluate efficacy
msSBP and msDBP
A total of 7 studies (13-16,19-21) reported the effects of 

Figure 1 Flow chart for identifying, including, and excluding studies.
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Table 1 Main characteristics of included studies

Included  
study

Country/
region

Year Blind RCT
Duration 
(weeks)

Intervention plan (mg/d) Number of patients

Design of studyExperimental 
group

Control  
group

Total
Experimental 

group
Control 
group

Izzo et al. 
(20)

America 2017 DB Yes 8 Sacubitril/
valsartan 400

Valsartan  
320

285 142 143 Multicenter, 
parallel-group 

study

Schmieder  
et al. (21)

Germany 2017 DB Yes 52 Sacubitril/
valsartan 400

Olmesartan 
40

114 57 57 Multicenter, 
double-blind, 
parallel-group 

study

Supasyndh  
et al. (13)

Thailand 2017 DB Yes 14 Sacubitril/
valsartan 200, 400

Olmesartan 
20, 40

588 296 292 Multicenter, 
parallel-group 

study

Wang et al. 
(19)

Taiwan, 
China

2017 DB Yes 4 Sacubitril/
valsartan 400

Valsartan  
320

72 36 36 Multicenter, 
crossover study

Williams  
et al. (14)

Britain 2017 DB Yes 52 Sacubitril/
valsartan 200

Olmesartan 
20

454 229 225 Multicenter, 
parallel-group 

study

Cheung  
et al. (15)

America 2018 DB Yes 8 Sacubitril/
valsartan 200

Olmesartan 
20

375 188 187 Multicenter, 
double-blind, 
parallel-group 

study

Huo  
et al. (16)

Mainland 
China

2019 DB Yes 8 Sacubitril/
valsartan 200, 400

Olmesartan 
20

1,435 200 mg 479; 
400 mg 472

484 Multicenter, 
parallel-group 

study

DB, double blind; RCT, randomized controlled trial.

sacubitril/valsartan on msSBP and msDBP. Data were 
extracted and combined for analysis, and the analysis results 
are shown in Figure 3. In the analysis with msSBP as the 
outcome, P=0.005 and I2=64%, indicating that there was 
heterogeneity among studies, so the random-effects model 
was used for analysis. In contrast, because the heterogeneity 
between studies was acceptable, the fixed-effects model was 
used for the analysis of msDBP. The results showed that the 
effects of reducing msSBP and msDBP in the experimental 
group were significantly better than that in the control 
group (msSBP: MD =−4.70, 95% CI: −5.79 to −3.61, 
P<0.001; msDBP: MD =−2.29, 95% CI: −2.53 to −2.04, 
P<0.001).
24-h maSBP and 24-h maDBP
A total of 6 studies (13-16,19,20) reported 24-h maSBP 
and 24-h maDBP as the outcomes. As shown in Figure 4, 
P<0.10 and I2>50% indicated that there was heterogeneity 
among studies, so the random-effects model was used 
for analysis. The results of meta-analysis showed that the 

effects of reducing 24-h maSBP and 24-h maDBP in the 
experimental group was significantly better than that in the 
control group (24-h maSBP: MD =−3.36, 95% CI: −4.08 to 
−2.64, P<0.001; 24-h maDBP: MD =−1.49, 95% CI: −1.99 
to −0.99, P<0.001).

Outcomes to evaluate safety
The AEs, SAE, and discontinuations due to AEs were 
reported in six (13-16,19,20), five (13-16,20), and three 
(14-16) studies, respectively. In the analysis with these 
three outcomes, there was good homogeneity among 
the studies, so the fixed-effects model was adopted for 
analysis. The analysis results showed that there was no 
significant difference in the incidence of AEs, SAE, and 
discontinuations due to AEs between the experimental 
group and the control group (AEs: OR =1.14, 95% CI: 1.00 
to 1.31, P=0.06; SAE: OR =1.06, 95% CI: 0.64 to 1.76, 
P=0.81; discontinuations due to AEs: OR =0.86, 95% CI: 
0.51 to 1.46, P=0.58). The results are shown in Figure 5.
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Table 2 Basic information, baseline blood pressure, and outcomes of included studies

Included study Group
Age  

(years)
BMI  

(kg/m2)
Baseline SBP 

(mmHg)
Baseline DBP 

(mmHg)
Outcomes

Izzo et al. (20) Experimental 61.2±10.6 29.3±5.5 159.6±7.0 90.9±8.9 (I), (II), (III),  
(IV), (V), (VI)

Control 62.0±11.5 30.0±5.3 160.0±7.3 90.2±9.4

Schmieder et al. (21) Experimental 60.5±7.8 28.1±4.5 155.3±9.0 92.7±8.8 (I), (II)

Control 59.2±13.1 28.6±3.9 155.0±9.1 91.7±8.7

Supasyndh et al. (13) Experimental 70.5±4.67 24.3±3.15 160.5±8.41 84.6±9.74 (I), (II), (III),  
(IV), (V), (VI)

Control 70.9±4.67 24.6±3.24 160.0±7.99 85.2±9.83

Wang et al. (19) Experimental 55.7±12.5 26.4±3.8 147.0±9.7 90.2±6.9 (I), (II), (III),  
(IV), (V) 

Control 58.9±7.5 25.7±2.9 147.5±12.1 90.4±7.2

Williams et al. (14) Experimental 68.2±5.73 28.6±4.47 158.4±13.41 87.8±9.72 (I), (II), (III), (IV),  
(V), (VI), (VII)

Control 67.2±5.97 29.1±4.90 158.8±13.48 89.9±10.38

Cheung et al. (15) Experimental 57.1±10.19 30.5±5.86 157.1±9.54 90.4±10.24 (I), (II), (III), (IV),  
(V), (VI), (VII)

Control 58.0±9.09 30.6±5.09 157.8±10.17 91.2±8.89

Huo et al. (16) Experimental (200 mg) 57.5±10.17 26.4±3.91 158.0±7.15 90.7±9.37 (I), (II), (III), (IV),  
(V), (VI), (VII)

Experimental (400 mg) 58.1±9.71 26.3±3.56 157.9±6.73 89.8±9.46

Control 57.4±10.14 26.4±3.92 158.0±6.53 90.8±9.57

Outcomes: (I) mean reductions in sitting systolic blood pressure (msSBP); (II) mean reductions in sitting diastolic blood pressure (msDBP); 
(III) 24-hour mean reductions in ambulatory systolic blood pressure (24-h maSBP); (IV) 24-hour mean reductions in ambulatory diastolic 
blood pressure (24-h maDBP); (V) adverse events (AEs); (VI) serious adverse events (SAE); (VII) discontinuations due to AEs. BMI, body 
mass index; SBP, systolic blood pressure; DBP, diastolic blood pressure. 

Subgroup analysis
Subgroup analysis was performed on different doses of 
sacubitril/valsartan. As shown in Figures 3-5 and Table 3, 
no matter whether the dose of sacubitril/valsartan was  
200 or 400 mg/d in the experimental group, the effects of 
reducing msSBP, msDBP, 24-h maSBP, and 24-h maDBP 
were superior to that in the control group (all P<0.01), and 
the incidence of AEs, SAE, and discontinuations due to AEs 
had no significant difference compared with the control 
group (all P>0.05).

Sensitivity analysis and publication bias
Meta-analysis showed that significant heterogeneity 
appeared in msSBP, 24-h maSBP, and 24-h maDBP in 
the experimental group compared with the control group 
(msSBP: P=0.005, I2=64%; 24-h maSBP: P=0.04, I2=54%; 
24-h maDBP: P=0.02, I2=61%). Therefore, the included 
studies were eliminated one by one, and then the remaining 
studies were combined for sensitivity analysis. The results 
are shown in Figure 6. Sensitivity analysis found that 

heterogeneity was significantly reduced after eliminating 
the studies of Huo et al. (16) and Izzo et al. (20) (msSBP: 
P=0.55, I2=0%; 24-h maSBP: P=0.43, I2=0%; 24-h maDBP: 
P=0.72, I2=0%), but the effects of the experimental group in 
reducing msSBP, 24-h maSBP, and 24-h maDBP were still 
significantly better than that of the control group (msSBP: 
MD =−5.28, 95% CI: −6.44 to −4.13, P<0.001; 24-h maSBP: 
MD =−4.20, 95% CI: −5.08 to −3.32, P<0.001; 24-h 
maDBP: MD =−2.12, 95% CI: −2.65 to −1.60, P<0.001).

Since the number of included studies in this meta-
analysis was less than 10, the test power of funnel plot to 
evaluate potential publication bias was low, so publication 
bias analysis was not carried out in this meta-analysis.

Discussion

Currently, theories suggest that hyperactivity of the 
sympathetic nervous system (SNS), excessive activation 
of renin-angiotensin-aldosterone system (RAAS), and the 
involvement of natriuretic peptides (NPs) system are the 
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Figure 2 Risk of bias graph (A) and risk of bias summary (B) of included studies.

main pathophysiological mechanisms leading to essential 
hypertension. For middle-aged and elderly patients 
with hypertension, the sodium excretion capacity of the 
kidneys gradually weakens with age, resulting in water 
and sodium retention, causing a compensatory increase in 
blood pressure; vascular remodeling results in stenosis of 
lumen and physiological enhancement of platelet function, 
resulting in increased peripheral vascular resistance, which 
are also important factors that cannot be ignored (22). Up 
to now, hypertension remains the leading cause of morbidity 
and mortality from cardiovascular diseases and is an 
important risk factor for most cardiovascular diseases, such 
as stroke, hypertensive heart disease, myocardial infarction, 
and heart failure (23,24). A trial led by the Systolic Blood 
Pressure Intervention Trial (SPRINT) research team 
showed that the prevalence of hypertension in Americans 

has risen from 31.9% to 46%, with more than 50% needing 
better control of high blood pressure (25). In China, there 
were also relevant statistics showing that 2.54 million people 
died of hypertension in 2017 alone (26). Therefore, it is of 
great significance for patients with hypertension, especially 
middle-aged and elderly patients, to treat hypertension with 
medication and achieve blood pressure targets to reduce the 
occurrence of coronary heart disease and heart failure.

Sacubitril/valsartan is an ARNI. It is a compound 
composed of sacubitril and valsartan in the ratio of 1 mol:1 
mol, which can act on NPs and RAAS simultaneously to 
exert an antihypertensive effect. Sacubitril, the precursor of 
neprilysin inhibitor, can be hydrolyzed into the neprilysin 
inhibitor LBQ657 by carboxylesterase in the liver. By 
inhibiting the activity of neprilysin, LBQ657 can increase 
the content of NPs in the body, promote natriuresis, 
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Figure 3 Forest plots of comparison of sacubitril/valsartan with ARBs on the outcomes of msSBP (A) and msDBP (B). ARBs, angiotensin 
II receptor blockers; msSBP, mean reductions in sitting systolic blood pressure; msDBP, mean reductions in sitting diastolic blood pressure; 
SD, standard deviation; CI, confidence interval.

diuresis, and vasodilation, so as to achieve the purpose 
of lowering blood pressure (27,28). Another component, 
valsartan, as an ARB, can selectively block and inhibit the 
type 1 receptor (AT1) of angiotensin II, thereby inhibiting 
RAAS to reduce the release of aldosterone, and regulating 
the reabsorption of sodium and potassium by the kidneys 
to reduce water and sodium retention, thus achieving 
the purpose of lowering blood pressure (29). In addition, 
the synergistic effect of sacubitril and valsartan can also 
prevent myocardial fibrosis and hypertrophy, inhibit 
renal fibrosis, increase glomerular filtration rate, and 
inhibit atherosclerosis, which is better than the currently 
commonly used antihypertensive drugs.

In this meta-analysis, we systematically analyzed 

the efficacy and safety of sacubitril/valsartan compared 
with other antihypertensive drugs in the treatment of 
hypertension in middle-aged and elderly patients. According 
to the results of meta-analysis, in terms of efficacy, sacubitril/
valsartan can reduce msSBP, msDBP, 24-h maSBP, and 24-h 
maDBP better than other antihypertensive drugs, that is, 
sacubitril/valsartan has a better antihypertensive efficacy. 
In terms of safety, compared with other antihypertensive 
drugs, sacubitril/valsartan has no significant difference in 
the incidence of AEs, SAE, and discontinuations due to 
AEs, that is, the safety of sacubitril/valsartan is basically the 
same as other antihypertensive drugs, especially ARBs. In 
addition, the results of subgroup analysis showed that in 
terms of efficacy, the antihypertensive effect of sacubitril/
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Figure 4 Forest plots of comparison of sacubitril/valsartan with ARBs on the outcomes of 24-h maSBP (A) and 24-h maDBP (B). ARBs, 
angiotensin II receptor blockers; 24-h maSBP, 24-hour mean reductions in ambulatory systolic blood pressure; 24-h maDBP, 24-hour mean 
reductions in ambulatory diastolic blood pressure; SD, standard deviation; CI, confidence interval.

A

B

valsartan was superior to that of other antihypertensive 
drugs either at 200 or 400 mg/d. In terms of safety, 
whether sacubitril/valsartan was dosed at 200 or 400 mg/d, 
compared with other antihypertensive drugs, there was still 
no significant difference in the incidence of AEs, SAE, and 
discontinuations due to AEs. In general, sacubitril/valsartan 
has superior antihypertensive efficacy compared with other 
antihypertensive drugs such as olmesartan and valsartan, 
and its safety is basically the same.

During the meta-analysis,  we found significant 
heterogeneity in msSBP, 24-h maSBP, and 24-h maDBP 
between the experimental group and the control group, 
so sensitivity analysis was performed. We found that 
heterogeneity was significantly reduced after eliminating 
the studies by Huo et al. (16) and Izzo et al. (20), which 
may be due to the following reasons. In the study of Izzo 

et al. (20), they only included patients with isolated systolic 
hypertension (ISH), whose blood pressure was characterized 
by systolic blood pressure ≥140 mmHg and diastolic blood 
pressure <90 mmHg. However, other included studies were 
not limited to ISH patients, which may have resulted in 
heterogeneity. The study of Huo et al. (16) was only carried 
out in Asia, and hypertension in Asians has some special 
characteristics such as salt sensitivity (19). However, most 
of the other included studies did not strictly limit the race 
and scope of the participants, so ethnic factors may have 
led to heterogeneity. After eliminating these two studies, 
the results showed that the antihypertensive effect of 
sacubitril/valsartan was still better, which further verified 
the reliability of the results of this meta-analysis.

The results of this meta-analysis are consistent with 
those of Zhao et al. (30) and De Vecchis et al. (31). By 
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Figure 5 Forest plots of comparison of sacubitril/valsartan with ARBs on the outcomes of AEs (A), SAE (B) and discontinuations due to 
AEs (C). ARBs, angiotensin II receptor blockers; AEs, adverse events; SAE, serious adverse events; CI, confidence interval; M-H, Mantel-
Haenszel test.

A

B

C
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Table 3 Results of subgroup analysis based on different doses of sacubitril/valsartan

Outcomes Doses (mg/d)
Number of 

included studies
Number of 

patients
MD/OR 95% CI P value

msSBP 200 4 1,167 −4.11 −5.96 to −2.26 <0.01

400 5 1,033 −5.20 −6.26 to −4.14 <0.01

msDBP 200 4 1,167 −1.62 −2.32 to −0.93 <0.01

400 5 1,033 −2.38 −2.64 to −2.12 <0.01

24-h maSBP 200 4 673 −3.54 −5.04 to −2.04 <0.01

400 3 344 −3.35 −3.70 to −3.01 <0.01

24-h maDBP 200 4 673 −1.75 −2.55, −0.96 <0.01

400 3 344 −1.06 −1.36 to −0.76 <0.01

AEs 200 3 895 1.13 0.92 to 1.38 0.25

400 4 981 1.16 0.96 to 1.40 0.13

SAE 200 3 895 0.99 0.54 to 1.83 0.98

400 3 910 1.23 0.51 to 2.99 0.64

Discontinuations 
due to AEs

200 3 895 0.91 0.51 to 1.62 0.74

400 1 472 0.68 0.19 to 2.43 0.55

msSBP, mean reductions in sitting systolic blood pressure; msDBP, mean reductions in sitting diastolic blood pressure; 24-h maSBP,  
24-hour mean reductions in ambulatory systolic blood pressure; 24-h maDBP, 24-hour mean reductions in ambulatory diastolic blood 
pressure; AEs, adverse events; SAE, serious adverse events; MD, mean difference; OR, odds ratio; CI, confidence interval.

comparing our study with the two studies mentioned 
above, we found some advantages of our meta-analysis. 
In Zhao et al.’s study (30), although it was concluded that 
the antihypertensive effect of sacubitril/valsartan was 
significantly better than that of ARBs, there was significant 
heterogeneity in the results of their meta-analysis, with 
I2 as high as 100% in the analysis of msSBP, maSBP, and 
maDBP as outcomes. Moreover, sensitivity analysis was 
not conducted in the case of large heterogeneity in their 
study, which greatly reduced the credibility of the results. 
For De Vecchis et al. (31), although the theme of their 
study was the efficacy and safety of sacubitril/valsartan on 
hypertension in the elderly, our study was superior to theirs 
in that it included more studies, more outcome indicators, 
and stronger timeliness. Therefore, this meta-analysis is 
more novel, and the results are more reliable.

The results of this meta-analysis showed that sacubitril/
valsartan has superior efficacy in lowering blood pressure, 
and its safety is basically equivalent to that of olmesartan, 
valsartan, and other antihypertensive drugs, suggesting that 
sacubitril/valsartan can bring greater benefits to middle-
aged and elderly patients with hypertension. Although it 

has not yet been listed as a first-line antihypertensive drug 
for the treatment of hypertension, it has a very promising 
prospect and can be used as a new choice for hypertension 
treatment, especially for the treatment of hypertension in 
middle-aged and elderly patients (14). However, it is worth 
noting that some studies have found that although the 
safety of sacubitril/valsartan is basically similar to that of 
ARBs, it may increase the incidence of dizziness, cough, and 
edema in patients with hypertension (32,33). Therefore, the 
dosage of sacubitril/valsartan should be closely monitored 
when being used. To sum up, sacubitril/valsartan, as the 
world’s first ARNI, is a new boon for hypertensive patients, 
especially middle-aged and elderly patients.

There were some limitations to this meta-analysis. 
Firstly, although the quality of included studies was 
generally high, the number of them was less than 10, which 
made it impossible to perform publication bias analysis. 
Secondly, the intervention duration of most of the included 
studies was short, with only 2 studies lasting 52 weeks, and 
there was insufficient evidence on the possible risks of long-
term use of sacubitril/valsartan in the treatment of middle-
aged and elderly hypertensive patients. Furthermore, the 
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Figure 6 Forest plots for sensitivity analysis of comparison of sacubitril/valsartan with ARBs on the outcomes of msSBP (A), 24-h maSBP (B) 
and 24-h maDBP (C). ARBs, angiotensin II receptor blockers; msSBP, mean reductions in sitting systolic blood pressure; 24-h maSBP, 24-
hour mean reductions in ambulatory systolic blood pressure; 24-h maDBP, 24-hour mean reductions in ambulatory diastolic blood pressure; 
SD, standard deviation; CI, confidence interval.
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antihypertensive drugs used in the control group were 
relatively simple, only ARBs were used, and other first-
line antihypertensive drugs such as CCB and ACEI were 
missing. Besides, in this study, subgroup analysis was only 
performed on different doses of sacubitril/valsartan, without 
subgroup analysis on factors such as race and gender of the 
included patients. Additionally, the number of included 
studies was small, with a total sample size of only 3,323 
middle-aged and elderly patients with hypertension. Larger 
sample sizes need to be included in the future to further 
reflect the efficacy and safety of sacubitril/valsartan.

However, this meta-analysis was carried out at an 
appropriate time, because sufficient data had been 
accumulated for the examination of the meta-analysis 
method. A variety of strategies were used to identify the 
studies, rigorous criteria were used to include and evaluate 
the methodological quality of studies, and subgroup analysis 
and sensitivity analysis were performed. Hence, we provide 
the latest information in this area.

Conclusions

In this meta-analysis, sacubitril/valsartan has shown 
a better antihypertensive efficacy, while its safety is 
basically comparable to olmesartan, valsartan, and other 
antihypertensive drugs. Therefore, based on this result, 
sacubitril/valsartan can be used as a new approach in the 
clinical treatment of middle-aged and elderly patients with 
hypertension, which may bring better benefits to them, 
and is also very worthy of clinical application. However, 
although we adopted a strict approach, the limitations 
of the included studies made this meta-analysis less than 
perfect. Future studies with extensive, large samples, and 
well-designed follow-up are anticipated to update this 
analysis.
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