
RESEARCH ARTICLE

Role of sacubitril-valsartan in the prevention

of atrial fibrillation occurrence in patients with

heart failure: A systematic review and meta-

analysis of randomized controlled trials

Xuehui Liu1,2☯, Hongjun Liu1,2☯, Lijun Wang3, Lei Zhang1,2, Qiang XuID
1,2*

1 Department of Cardiology, Yichang Hospital of Traditional Chinese Medicine, Yichang, China, 2 Traditional

Chinese Medicine Hospital of China Three Gorges University, China Three Gorges University, Yichang,

China, 3 Clinical Medical College of Traditional Chinese Medicine, China Three Gorges University, Yichang,

China

☯ These authors contributed equally to this work.

* yczyyxq@sina.com

Abstract

Objective

Heart failure (HF) and atrial fibrillation (AF) are often coexisting. They have common risk fac-

tors and pathophysiologic mechanisms. Sacubitril/valsartan has shown efficacy and tolera-

bility in patients with HF. Thus, the study was performed to evaluate the impact of sacubitril/

valsartan on AF occurrence in patients with HF.

Methods

The Embase and PubMed were searched from their inception date to June 2021 for all rele-

vant randomized controlled trials (RCTs) evaluating the efficacy of sacubitril/valsartan in

HF. The outcome of interest was the AF occurrence during the follow-up. Relative risks

(RRs) with 95% confidence intervals (CIs) were pooled using a random-effects model.

Results

Six trials involving a total of 15,512 patients were included (7,750 randomized to sacubitril/

valsartan and 7,762 to control). All trials were randomized, double-blind, and active-control.

There was no significant difference in the prevention of AF occurrence between the sacubi-

tril/valsartan group and the control group (enalapril or valsartan) in patients with HF (RR

1.07, 95%CI 0.95 to 1.19; I2 4%).

Conclusions

Sacubitril/valsartan was similar to either enalapril or valsartan in preventing the occurrence

of AF in patients with HF.
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1. Introduction

Atrial fibrillation (AF) is the most common sustained cardiac arrhythmia in patients with

heart failure (HF) [1]. HF and AF are often coexisting, because they share common risk factors

and pathophysiologic mechanisms [2]. The structural and neurohormonal changes in HF

increase the risk for the development of AF, both in HF with reduced ejection fraction

(HFrEF) and preserved ejection fraction (HFpEF) [2, 3]. AF is both a consequence and cause

of HF, with complex interactions leading to impairment of cardiac function [2]. Regardless of

which comes first, patients with concomitant HF and AF have a significant worse prognosis

[4].

Drugs that are used to treat HF and might also impact AF. Angiotensin converting enzyme

inhibitors (ACEIs) and angiotensin receptor blockers (ARBs) are the cornerstone of HFrEF

therapy [5]. Previous meta-analysis demonstrated that ACEIs/ARBs can reduce the risk of

incident AF in patients with HF [6]. Sacubitril/valsartan is an angiotensin receptor neprilysin

inhibitor (ARNI). In the PARADIGM-HF trial, sacubitril/valsartan was superior to enalapril

in reducing the risk of cardiovascular death and of hospitalization for HF [7]. Given its advan-

tages, ARNI therapy is recommended as a replacement for patients with HFrEF who have

been previously exposed to ACEIs or ARBs [5, 8, 9]. However, it is not known whether ARNI

therapy will reduce AF occurrence in patients with HF. Thus, we performed this systematic

review and meta-analysis to assess the effect of sacubitril/valsartan on the occurrence of AF in

patients with HF.

2. Methods

2.1 Search strategy

We conducted a systematic search using Embase and PubMed from their inception to June

2021. No language restriction was applied. The search terms used were “sacubitril”, “sacubi-

tril-valsartan”, “LCZ696”, “neprilysin”, “heart failure”, “randomized controlled trial”, “rando-

mised controlled trial”, “randomly” and “trial”. We also manually screened the reference lists

of all included trials and relevant reviews to identify other potentially eligible articles. This

meta-analysis was conducted according to the Preferred Reporting items for Systematic

Reviews and Meta-analysis (PRISMA) statement [10].

2.2 Study selection

Studies were included if they met all of the following criteria: 1) randomized controlled trial;

2) comparing sacubitril/valsartan with ACEI/ARB/placebo; 3) enrolling patients with HF; 4)

reporting data on AF occurrence during follow-up. The exclusion criteria were as follow: 1)

articles related to the same trial; 2) observational studies, case reports, abstracts, and reviews.

2.3 Data extraction and quality assessment

Data extraction was performed independently by two reviewers. We extracted the following

information from each included study: first author, publication year, demographic characteris-

tics, number of patients, number of events, and follow-up duration. When duplicate reports of

the same trial were found, data from the most complete dataset were extracted for analysis.

Disagreements were resolved by consensus.

The outcome of interest was the occurrence of AF during follow-up. However, AF was not

a pre-specified endpoint in all of the included trials. The number of AF occurrence in each

trial was extracted according to adverse event data in ClinicalTrials.gov. In addition, the occur-

rence of atrial flutter in each trial was also extracted.
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The methodological quality of included trials was assessed by using the Cochrane Collabo-

ration Risk of Bias Tool (Reviews Manager 5.4).

2.4 Statistical analysis

For dichotomous data, we calculated relative risks (RRs) with 95% confidence intervals (CIs).

We pooled outcome data using random-effects models regardless of heterogeneity. Heteroge-

neity across studies was assessed by using the I2 statistic [11]. An I2 value greater than 50%

indicates significant heterogeneity. Subgroup analyses were conducted to examine the influ-

ence of various factors on the overall pooled estimate. Publication bias was assessed by using

funnel plot. A two-sided P-value < 0.05 was considered statistical significance. All analyses

were performed using Review Manager software (RevMan version 5.4; The Nordic Cochrane

Centre, Cochrane Collaboration).

3. Results

3.1 Study search

Our initial search yielded a total of 953 studies, of which 285 were duplicates. After screening

the titles and abstracts, 24 studies were considered potentially eligible. After reviewing the full

text and the adverse event data in ClinicalTrails.gov, six trials [7, 12–16] were included in our

meta-analysis. The study selection process is showed in Fig 1.

3.2 Study characteristics and quality assessment

The baseline characteristics of the six included RCTs are summarized in Table 1. All trials

were randomized, double-blind, and active-control. The trials were published between 2012

and 2019. A total of 7,756 patients received sacubitril/valsartan, 5,208 patients received enala-

pril, and 2,554 patients received valsartan. Four trials [7, 13, 15, 16] used enalapril as a compar-

ator, the other trials [12, 14] used valsartan as a comparator. Three trials [7, 13, 16]

randomized a total of 9,525 patients with HFrEF, two trials [12, 14] randomized 5,123 patients

with HFpEF, and one [15] randomized 881 patients with acute decompensated HF. The sam-

ple size ranged from 301 to 8,442. The follow-up duration ranged from 8 weeks to 35 months.

All included trials did not describe the definition of AF and the methods used to document

AF.

All included trials had a low risk of random sequence generation, allocation concealment,

incomplete outcome data, selective reporting bias, except for unclear other bias (Fig 2).

3.3 Effect of sacubitril/valsartan on the occurrence of AF

AF occurred in 694 of 7750 (9.0%) patients who were on sacubitril/valsartan and 650 of 7762

(8.4%) patients among those in the control group. The risk of AF occurrence between the sacu-

bitril/valsartan group and the control group did not show statistical significance (RR 1.07; 95%

CI: 0.95–1.19; P = 0.26; Fig 3). There was no heterogeneity across the studies (I2 = 4%,

P = 0.39). Publication bias analysis was not conducted because the number of trials was too

small (<10) to detect an asymmetric funnel.

Three trials [7, 14, 15] reported the number of atrial flutter during follow-up. Atrial flutter

occurred in 44 of 7,061 (0.6%) patients who were on sacubitril/valsartan and 42 of 7,067

(0.6%) patients among those in the control group. There was no significant difference in the

pooled occurrence of atrial flutter (RR 1.01; 95% CI: 0.55–1.86; P = 0.97; I2 = 34%). In addition,

no significant difference was observed in preventing AF and atrial flutter between the sacubi-

tril/valsartan and the control group (RR 1.07; 95% CI: 0.97–1.18; P = 0.84; I2 = 0%).
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Subgroup analyses were performed according to HF phenotype (HFrEF vs. HFpEF), com-

parator (enalapril vs. valsartan), and follow-up duration (<1 year vs.>1 year). The HF pheno-

type, comparator, and duration of follow-up did not appear to influence the effect of therapy

(Table 2).

4. Discussion

In this meta-analysis of six RCTs, we evaluated the effect of sacubitril/valsartan in the preven-

tion of AF occurrence in patients with HF. The pooled effects demonstrate that sacubitril/

Fig 1. Flow diagram of search strategy.

https://doi.org/10.1371/journal.pone.0263131.g001
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valsartan is similar to either enalapril or valsartan in the prevention of AF occurrence in

patients with HF.

It is well known that HF patients are at increased risk of AF [17]. Activation of renin-angio-

tensin-aldosterone system (RAAS) and neurohormonal pathways have been widely explored

in HF, and the majority of drug therapies target these mechanisms [2]. Previous studies

showed that ACEIs and ARBs could reduce the risk of AF occurrence when compared with

placebo, with RR of 0.79 (95% CI: 0.62–1.00) and 0.78 (95%CI: 0.66–0.92), respectively [6, 18].

A post-hoc analysis of the Val-HeFT (Valsartan Heart Failure Trial) showed that adding

Table 1. Characteristics of included studies.

Study, year Sample

size

Type of

HF

NYHA

class

Mean age

(years)

Female

(%)

Mean

LVEF

Follow-

up

Comparator History of AF Occurrence

of AF

S/V Control S/V Control

PARAMOUNT, 2012

[12]

301 HFpEF I-III 71.1 170 (56.5) 58% 36 weeks Valsartan 40 45 3 9

PARADIGM-HF, 2014

[7]

8442 HFrEF I-IV 63.8 1,832

(21.7)

29.5% 27

months

Enalapril 1517 1574 267 250

EVALUATE-HF, 2019

[13]

464 HFrEF I-III 67.3 109 (23.5) 33.5% 12 weeks Enalapril NA NA 2 0

PARAGON-HF, 2019

[14]

4822 HFpEF I-IV 72.8 2479

(51.4)

57.6% 35

months

Valsartan 775 777 410 384

PIONEER-HF, 2019 [15] 881 ADHF I-IV 62 246 (55.8) 25% 8 weeks Enalapril NA NA 4 3

OUTSTEP-HF, 2020

[16]

619 HFrEF II-IV 66.9 132 (21.3) NA 12 weeks Enalapril 147 122 8 4

AF, atrial fibrillation; HF, heart failure; HFrEF, heart failure with reduced ejection fraction; HFpEF, heart failure with preserved ejection fraction; LVEF, left ventricular

ejection fraction; NA, data not available; NYHA, New York Heart Association; S/V, sacubitril/valsarta

https://doi.org/10.1371/journal.pone.0263131.t001

Fig 2. Methodological quality of included studies.

https://doi.org/10.1371/journal.pone.0263131.g002
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valsartan to prescribed therapy for HF reduces the incidence of AF by 37% [19]. Data from the

CHARM (Candesartan in Heart Failure-Assessment of Reduction in Mortality and morbidity

program) demonstrated that candesartan could reduce the risk of new-onset AF in patients

with HF [20]. A retrospective study of SOLVD including 391 patients with mean left ventricu-

lar ejection fraction < 30%, those receiving enalapril treatment markedly reduce the risk of

development of AF during a mean follow-up of 2.9 years [1]. In the PARADIGM-HF trial [7],

new-onset AF developed in 84 patients (3.1%) in the LCZ696 group and 83 patients (3.1%) in

the enalapril group (P = 0.84). Sacubitril/valsartan has proven to be superior to ACEI/ARB in

reducing cardiovascular death and hospitalization for HFrEF [8]. Given its advantages, current

HF guidelines have incorporated sacubitril/valsartan into their recommendations for HFrEF

[5, 8, 9]. Cross-trial comparisons are inherently limited because of differences in the trial

designs and trial participants; however, the magnitude of benefit, relative to sacubitril/valsar-

tan, appears to be at least as well as ACEIs/ARBs, all of which have been associated with a

reduction in the risk of AF occurrence.

There are several mechanisms that sacubitril/valsartan may impact the development or

occurrence of AF. Left atrial enlargement and cardiac hypertrophy are strongly associated with

the initiation and maintenance of AF. In PARAMOUNT trial, sacubitril/valsartan significantly

reduced left atrial volume [12]. A meta-analysis showed that sacubitril/valsartan significantly

improved hypertrophy compared with ACEIs/ARBs in HFrEF [21]. Fibrosis is an important

pathophysiological basis of cardiac remodelling [17]. The activation of RAAS results in the

stimulation of fibrosis [22]. Therefore, RAAS inhibitors are involved in the upstream treat-

ment of AF. Von Lueder et al. reported that sacubitril/valsartan attenuated cardiac remodelling

and dysfunction after MI due to the inhibition of cardiac fibrosis and cardiac hypertrophy

[23]. Suematsu et al. showed that LCZ696 was superior to valsartan with regard to the

Fig 3. Forest of AF occurrence comparison: Sacubitril/valsartan group vs. control group.

https://doi.org/10.1371/journal.pone.0263131.g003

Table 2. The pooled effects of sacubitril/valsartan in different patient populations.

Categorical data RR (95%CI) Heterogeneity test (I2, P)

Type of chronic HF HFrEF [7, 13, 16] 1.10 (0.90, 1.34) 1%, P = 0.36

HFpEF [12, 14] 0.72 (0.25, 2.08) 66%, P = 0.08

Control group Enalapril [7, 13, 15, 16] 1.10 (0.93, 1.29) 0%, P = 0.56

Valsartan [12, 14] 0.72 (0.25, 2.08) 66%, P = 0.08

Follow-up duration > 1 years [7, 14] 1.07 (0.96, 1.18) 0%, P = 0.90

< 1 years [12, 13, 15, 16] 1.14 (0.41, 3.14) 42%, P = 0.16

HF, heart failure; HFrEF, heart failure with reduced ejection fraction; HFpEF, heart failure with preserved ejection fraction; CI: confidence interval; RR, relative risks

https://doi.org/10.1371/journal.pone.0263131.t002
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inhibition of cardiac fibrosis against HFrEF with a diabetes model [24]. Neprilysin degrades

biologically active natriuretic peptides, which have been proven to inhibit fibrotic responses to

prevent structural and electrical remodelling [25]. In animal models, it have been reported that

sacubitril/valsartan reduce AF susceptibility by inhibiting atrial fibrosis [22, 25, 26]. All the

above studies suggest that the anti-arrhythmic actions of sacubitril/valsartan might be medi-

ated by reversing cardiac remodelling.

Because of the worse clinical outcomes of HF patients who develop AF, an effective man-

agement of upstream may prevent or delay the development of AF [17]. According to our

study, it is premature to recommend sacubitril/valsartan solely for the prevention of AF, but

our findings raise the possibility of an added benefit in HF patients receiving ARNI therapy.

There are several limitations in our meta-analysis that should be noted. First, AF was not a

pre-specified endpoint in all included trials. The definition of AF and the methods used to doc-

ument AF were not reported. The AF occurrence was calculated by reported adverse events. It

is difficult to exclude the fact that some of the patients had asymptomatic AF that converted

spontaneously. Secondly, there are some differences among the study designs, patient popula-

tions, and control drugs in the six trials that may affect the pooled effects. Thirdly, unpublished

data were not included. Finally, all included trials were sponsored by Novartis. This might

introduce high risk of bias as drug studies sponsored by manufacturing companies have more

favorable efficacy results and conclusions than studies sponsored by other sources [27]. These

limitations should be considered when interpreting the results.

5. Conclusions

Sacubitril/valsartan was similar to either ACEI or ARB in preventing the occurrence of AF for

HF. Yet the PARADIGM-HF and PARAGON trials were not designed to show an impact on

the occurrence of AF and further trials are required to assess the efficacy whether sacubitril/

valsartan might impact the occurrence or development of AF.

Supporting information

S1 Checklist. PRISMA 2009 checklist.

(DOC)

Author Contributions

Conceptualization: Xuehui Liu, Hongjun Liu, Lijun Wang, Lei Zhang, Qiang Xu.

Data curation: Xuehui Liu, Hongjun Liu.

Formal analysis: Xuehui Liu.

Methodology: Xuehui Liu, Hongjun Liu.

Software: Xuehui Liu, Hongjun Liu.

Supervision: Qiang Xu.

Validation: Xuehui Liu.

Writing – original draft: Xuehui Liu.

References
1. Vermes E, Tardif JC, Bourassa MG, Racine N, Levesque S, White M, et al. Enalapril decreases the inci-

dence of atrial fibrillation in patients with left ventricular dysfunction: insight from the Studies Of Left

PLOS ONE Role of sacubitril-valsartan in the prevention of AF in patients with HF

PLOS ONE | https://doi.org/10.1371/journal.pone.0263131 January 26, 2022 7 / 9

http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0263131.s001
https://doi.org/10.1371/journal.pone.0263131


Ventricular Dysfunction (SOLVD) trials. Circulation. 2003; 107(23): 2926–2931. https://doi.org/10.1161/

01.CIR.0000072793.81076.D4 PMID: 12771010.

2. Kotecha D, Piccini JP. Atrial fibrillation in heart failure: what should we do? Eur Heart J. 2015; 36(46):

3250–3257. https://doi.org/10.1093/eurheartj/ehv513 PMID: 26419625.

3. Farmakis D, Chrysohoou C, Giamouzis G, Giannakoulas G, Hamilos M, Naka K, et al. The manage-

ment of atrial fibrillation in heart failure: an expert panel consensus. Heart Fail Rev. 2020. https://doi.

org/10.1007/s10741-020-09978-0 PMID: 32468277.

4. Wang TJ, Larson MG, Levy D, Vasan RS, Leip EP, Wolf PA, et al. Temporal relations of atrial fibrillation

and congestive heart failure and their joint influence on mortality: the Framingham Heart Study. Circula-

tion. 2003; 107(23): 2920–2925. https://doi.org/10.1161/01.CIR.0000072767.89944.6E PMID:

12771006.

5. Ponikowski P, Voors AA, Anker SD, Bueno H, Cleland JG, Coats AJ, et al. 2016 ESC Guidelines for the

diagnosis and treatment of acute and chronic heart failure: The Task Force for the diagnosis and treat-

ment of acute and chronic heart failure of the European Society of Cardiology (ESC). Developed with

the special contribution of the Heart Failure Association (HFA) of the ESC. Eur J Heart Fail. 2016; 18(8):

891–975. https://doi.org/10.1002/ejhf.592 PMID: 27207191.

6. Schneider MP, Hua TA, Bohm M, Wachtell K, Kjeldsen SE, Schmieder RE. Prevention of atrial fibrilla-

tion by Renin-Angiotensin system inhibition a meta-analysis. J Am Coll Cardiol. 2010; 55(21): 2299–

2307. https://doi.org/10.1016/j.jacc.2010.01.043 PMID: 20488299.

7. McMurray JJ, Packer M, Desai AS, Gong J, Lefkowitz MP, Rizkala AR, et al. Angiotensin-neprilysin inhi-

bition versus enalapril in heart failure. N Engl J Med. 2014; 371(11): 993–1004. https://doi.org/10.1056/

NEJMoa1409077 PMID: 25176015.

8. McDonald M, Virani S, Chan M, Ducharme A, Ezekowitz JA, Giannetti N, et al. CCS/CHFS Heart Fail-

ure Guidelines Update: Defining a New Pharmacologic Standard of Care for Heart Failure With

Reduced Ejection Fraction. Can J Cardiol. 2021; 37(4): 531–546. https://doi.org/10.1016/j.cjca.2021.

01.017 PMID: 33827756.

9. Yancy CW, Jessup M, Bozkurt B, Butler J, Casey DE Jr, Colvin MM, et al. 2016 ACC/AHA/HFSA

Focused Update on New Pharmacological Therapy for Heart Failure: An Update of the 2013 ACCF/

AHA Guideline for the Management of Heart Failure: A Report of the American College of Cardiology/

American Heart Association Task Force on Clinical Practice Guidelines and the Heart Failure Society of

America. Circulation. 2016; 134(13): e282–293. https://doi.org/10.1161/CIR.0000000000000435

PMID: 27208050.

10. Liberati A, Altman DG, Tetzlaff J, Mulrow C, Gotzsche PC, Ioannidis JP, et al. The PRISMA statement

for reporting systematic reviews and meta-analyses of studies that evaluate health care interventions:

explanation and elaboration. PLoS Med. 2009; 6(7): e1000100. https://doi.org/10.1371/journal.pmed.

1000100 PMID: 19621070.

11. Higgins JP, Thompson SG. Quantifying heterogeneity in a meta-analysis. Stat Med. 2002; 21(11):

1539–1558. https://doi.org/10.1002/sim.1186 PMID: 12111919.

12. Solomon SD, Zile M, Pieske B, Voors A, Shah A, Kraigher-Krainer E, et al. The angiotensin receptor

neprilysin inhibitor LCZ696 in heart failure with preserved ejection fraction: a phase 2 double-blind ran-

domised controlled trial. Lancet. 2012; 380(9851): 1387–1395. https://doi.org/10.1016/S0140-6736(12)

61227-6 PMID: 22932717.

13. Desai AS, Solomon SD, Shah AM, Claggett BL, Fang JC, Izzo J, et al. Effect of Sacubitril-Valsartan vs

Enalapril on Aortic Stiffness in Patients With Heart Failure and Reduced Ejection Fraction: A Random-

ized Clinical Trial. JAMA. 2019; 322(11): 1077–1084. https://doi.org/10.1001/jama.2019.12843 PMID:

31475296.

14. Solomon SD, McMurray JJV, Anand IS, Ge J, Lam CSP, Maggioni AP, et al. Angiotensin-Neprilysin

Inhibition in Heart Failure with Preserved Ejection Fraction. N Engl J Med. 2019; 381(17): 1609–1620.

https://doi.org/10.1056/NEJMoa1908655 PMID: 31475794.

15. Velazquez EJ, Morrow DA, DeVore AD, Duffy CI, Ambrosy AP, McCague K, et al. Angiotensin-Neprily-

sin Inhibition in Acute Decompensated Heart Failure. N Engl J Med. 2019; 380(6): 539–548. https://doi.

org/10.1056/NEJMoa1812851 PMID: 30415601.

16. Piepoli MF, Hussain RI, Comin-Colet J, Dosantos R, Ferber P, Jaarsma T, et al. OUTSTEP-HF: rando-

mised controlled trial comparing short-term effects of sacubitril/valsartan versus enalapril on daily physi-

cal activity in patients with chronic heart failure with reduced ejection fraction. Eur J Heart Fail. 2021; 23

(1): 127–135. https://doi.org/10.1002/ejhf.2076 PMID: 33314487.

17. Al-Khatib SM, Benjamin EJ, Albert CM, Alonso A, Chauhan C, Chen PS, et al. Advancing Research on

the Complex Interrelations Between Atrial Fibrillation and Heart Failure: A Report From a US National

Heart, Lung, and Blood Institute Virtual Workshop. Circulation. 2020; 141(23): 1915–1926. https://doi.

org/10.1161/CIRCULATIONAHA.119.045204 PMID: 32511001.

PLOS ONE Role of sacubitril-valsartan in the prevention of AF in patients with HF

PLOS ONE | https://doi.org/10.1371/journal.pone.0263131 January 26, 2022 8 / 9

https://doi.org/10.1161/01.CIR.0000072793.81076.D4
https://doi.org/10.1161/01.CIR.0000072793.81076.D4
http://www.ncbi.nlm.nih.gov/pubmed/12771010
https://doi.org/10.1093/eurheartj/ehv513
http://www.ncbi.nlm.nih.gov/pubmed/26419625
https://doi.org/10.1007/s10741-020-09978-0
https://doi.org/10.1007/s10741-020-09978-0
http://www.ncbi.nlm.nih.gov/pubmed/32468277
https://doi.org/10.1161/01.CIR.0000072767.89944.6E
http://www.ncbi.nlm.nih.gov/pubmed/12771006
https://doi.org/10.1002/ejhf.592
http://www.ncbi.nlm.nih.gov/pubmed/27207191
https://doi.org/10.1016/j.jacc.2010.01.043
http://www.ncbi.nlm.nih.gov/pubmed/20488299
https://doi.org/10.1056/NEJMoa1409077
https://doi.org/10.1056/NEJMoa1409077
http://www.ncbi.nlm.nih.gov/pubmed/25176015
https://doi.org/10.1016/j.cjca.2021.01.017
https://doi.org/10.1016/j.cjca.2021.01.017
http://www.ncbi.nlm.nih.gov/pubmed/33827756
https://doi.org/10.1161/CIR.0000000000000435
http://www.ncbi.nlm.nih.gov/pubmed/27208050
https://doi.org/10.1371/journal.pmed.1000100
https://doi.org/10.1371/journal.pmed.1000100
http://www.ncbi.nlm.nih.gov/pubmed/19621070
https://doi.org/10.1002/sim.1186
http://www.ncbi.nlm.nih.gov/pubmed/12111919
https://doi.org/10.1016/S0140-6736%2812%2961227-6
https://doi.org/10.1016/S0140-6736%2812%2961227-6
http://www.ncbi.nlm.nih.gov/pubmed/22932717
https://doi.org/10.1001/jama.2019.12843
http://www.ncbi.nlm.nih.gov/pubmed/31475296
https://doi.org/10.1056/NEJMoa1908655
http://www.ncbi.nlm.nih.gov/pubmed/31475794
https://doi.org/10.1056/NEJMoa1812851
https://doi.org/10.1056/NEJMoa1812851
http://www.ncbi.nlm.nih.gov/pubmed/30415601
https://doi.org/10.1002/ejhf.2076
http://www.ncbi.nlm.nih.gov/pubmed/33314487
https://doi.org/10.1161/CIRCULATIONAHA.119.045204
https://doi.org/10.1161/CIRCULATIONAHA.119.045204
http://www.ncbi.nlm.nih.gov/pubmed/32511001
https://doi.org/10.1371/journal.pone.0263131


18. Khatib R, Joseph P, Briel M, Yusuf S, Healey J. Blockade of the renin-angiotensin-aldosterone system

(RAAS) for primary prevention of non-valvular atrial fibrillation: a systematic review and meta analysis

of randomized controlled trials. Int J Cardiol. 2013; 165(1): 17–24. https://doi.org/10.1016/j.ijcard.2012.

02.009 PMID: 22421406.

19. Maggioni AP, Latini R, Carson PE, Singh SN, Barlera S, Glazer R, et al. Valsartan reduces the inci-

dence of atrial fibrillation in patients with heart failure: results from the Valsartan Heart Failure Trial (Val-

HeFT). Am Heart J. 2005; 149(3): 548–557. https://doi.org/10.1016/j.ahj.2004.09.033 PMID:

15864246.

20. Ducharme A, Swedberg K, Pfeffer MA, Cohen-Solal A, Granger CB, Maggioni AP, et al. Prevention of

atrial fibrillation in patients with symptomatic chronic heart failure by candesartan in the Candesartan in

Heart failure: Assessment of Reduction in Mortality and morbidity (CHARM) program. Am Heart J.

2006; 152(1): 86–92. https://doi.org/10.1016/j.ahj.2005.06.036 PMID: 16838426.

21. Wang Y, Zhou R, Lu C, Chen Q, Xu T, Li D. Effects of the Angiotensin-Receptor Neprilysin Inhibitor on

Cardiac Reverse Remodeling: Meta-Analysis. J Am Heart Assoc. 2019; 8(13): e012272. https://doi.org/

10.1161/JAHA.119.012272 PMID: 31240976.

22. Suo Y, Yuan M, Li H, Zhang Y, Li Y, Fu H, et al. Sacubitril/Valsartan Improves Left Atrial and Left Atrial

Appendage Function in Patients With Atrial Fibrillation and in Pressure Overload-Induced Mice. Front

Pharmacol. 2019; 10: 1285. https://doi.org/10.3389/fphar.2019.01285 PMID: 31736759.

23. von Lueder TG, Wang BH, Kompa AR, Huang L, Webb R, Jordaan P, et al. Angiotensin receptor nepri-

lysin inhibitor LCZ696 attenuates cardiac remodeling and dysfunction after myocardial infarction by

reducing cardiac fibrosis and hypertrophy. Circ Heart Fail. 2015; 8(1): 71–78. https://doi.org/10.1161/

CIRCHEARTFAILURE.114.001785 PMID: 25362207.

24. Suematsu Y, Miura S, Goto M, Matsuo Y, Arimura T, Kuwano T, et al. LCZ696, an angiotensin recep-

tor-neprilysin inhibitor, improves cardiac function with the attenuation of fibrosis in heart failure with

reduced ejection fraction in streptozotocin-induced diabetic mice. Eur J Heart Fail. 2016; 18(4): 386–

393. https://doi.org/10.1002/ejhf.474 PMID: 26749570.

25. Li SN, Zhang JR, Zhou L, Xi H, Li CY, Zhao L. Sacubitril/Valsartan Decreases Atrial Fibrillation Suscep-

tibility by Inhibiting Angiotensin II-Induced Atrial Fibrosis Through p-Smad2/3, p-JNK, and p-p38 Signal-

ing Pathways. J Cardiovasc Transl Res. 2021. https://doi.org/10.1007/s12265-021-10137-5 PMID:

34075552.

26. Li LY, Lou Q, Liu GZ, Lv JC, Yun FX, Li TK, et al. Sacubitril/valsartan attenuates atrial electrical and

structural remodelling in a rabbit model of atrial fibrillation. Eur J Pharmacol. 2020; 881: 173120. https://

doi.org/10.1016/j.ejphar.2020.173120 PMID: 32325147.

27. Lundh A, Lexchin J, Mintzes B, Schroll JB, Bero L. Industry sponsorship and research outcome: sys-

tematic review with meta-analysis. Intensive Care Med. 2018; 44(10): 1603–1612. https://doi.org/10.

1007/s00134-018-5293-7 PMID: 30132025.

PLOS ONE Role of sacubitril-valsartan in the prevention of AF in patients with HF

PLOS ONE | https://doi.org/10.1371/journal.pone.0263131 January 26, 2022 9 / 9

https://doi.org/10.1016/j.ijcard.2012.02.009
https://doi.org/10.1016/j.ijcard.2012.02.009
http://www.ncbi.nlm.nih.gov/pubmed/22421406
https://doi.org/10.1016/j.ahj.2004.09.033
http://www.ncbi.nlm.nih.gov/pubmed/15864246
https://doi.org/10.1016/j.ahj.2005.06.036
http://www.ncbi.nlm.nih.gov/pubmed/16838426
https://doi.org/10.1161/JAHA.119.012272
https://doi.org/10.1161/JAHA.119.012272
http://www.ncbi.nlm.nih.gov/pubmed/31240976
https://doi.org/10.3389/fphar.2019.01285
http://www.ncbi.nlm.nih.gov/pubmed/31736759
https://doi.org/10.1161/CIRCHEARTFAILURE.114.001785
https://doi.org/10.1161/CIRCHEARTFAILURE.114.001785
http://www.ncbi.nlm.nih.gov/pubmed/25362207
https://doi.org/10.1002/ejhf.474
http://www.ncbi.nlm.nih.gov/pubmed/26749570
https://doi.org/10.1007/s12265-021-10137-5
http://www.ncbi.nlm.nih.gov/pubmed/34075552
https://doi.org/10.1016/j.ejphar.2020.173120
https://doi.org/10.1016/j.ejphar.2020.173120
http://www.ncbi.nlm.nih.gov/pubmed/32325147
https://doi.org/10.1007/s00134-018-5293-7
https://doi.org/10.1007/s00134-018-5293-7
http://www.ncbi.nlm.nih.gov/pubmed/30132025
https://doi.org/10.1371/journal.pone.0263131

