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ABSTRACT
Background: Sacubitril/valsartan is a compound preparation commonly used for
treating chronic heart failure with reduced ejection fraction. In clinical practice, it is
also administered to patients with newly diagnosed acute heart failure. However,
limited research exists on its benefits during hospitalization in this patient
population.
Aim: To investigate the impact of in-hospital use of sacubitril/valsartan on the
6-month readmission rate in patients with newly diagnosed acute heart failure.
Method: A retrospective study was conducted involving 176 patients admitted for
the first time with acute heart failure at Xiaoshan Hospital Affiliated to Hangzhou
Normal University. Patients were divided into two groups based on whether they
received sacubitril/valsartan during hospitalization: a treatment group and a control
group. Clinical data were collected, and propensity score matching (PSM) was used
to balance baseline characteristics. Logistic regression analysis was performed to
evaluate the effect of sacubitril/valsartan on 6-month readmission.
Results: After PSM, 53 matched pairs were obtained, with balanced covariates
between the two groups. Before matching, the readmission rate was 10.47% in the
treatment group and 25.56% in the control group. Multivariate logistic regression
indicated that sacubitril/valsartan was associated with a reduced risk of readmission
(OR = 0.339, 95% CI [0.116–0.994], P = 0.049). However, after matching, the
readmission rate was 13.21% in the treatment group and 20.75% in the control group.
Logistic regression analysis post-matching showed no statistically significant
reduction in readmission risk (OR = 0.728, 95% CI [0.212–2.496], P = 0.252).
Conclusions: In-hospital use of sacubitril/valsartan does not significantly reduce the
risk of 6-month readmission in patients with newly diagnosed acute heart failure.

Subjects Cardiology, Pharmacology, Statistics
Keywords Acute heart failure, Readmission rate, Propensity score matching, Retrospective study,
Sacubitril/valsartan

INTRODUCTION
Sacubitril/valsartan, also known as sacubitril valsartan sodium tablets, contains two
components: sacubitril and valsartan. Sacubitril is an enkephalin inhibitor that can inhibit
the degradation of natriuretic peptide to increase the natriuretic peptide in the body, thus
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promoting natriuretic diuresis. Valsartan is an angiotensin II receptor antagonist that
lowers blood pressure, inhibits myocardial remodeling, and improves myocardial function.
Sacubitril/valsartan is approved for chronic heart failure with reduced ejection fraction,
reducing the risk of cardiovascular death and hospitalization due to heart failure. However,
in clinical practice sacubitril/valsartan is also used in newly diagnosed acute heart failure
(AHF) in addition to chronic heart failure. There is little research on the benefit of
sacubitril/valsartan used in newly diagnosed AHF during hospitalization (Senni et al.,
2020). We conducted a retrospective observational study to determine whether AHF could
benefit from sacubitril/valsartan. The impact of using sacubitril/valsartan during
hospitalization on the readmission rate in patients with AHF was evaluated. As an
observational study bias and other issues are inevitable, which can affect the accuracy of
the results. Therefore, the propensity score matching (PSM) method was involved in the
study to minimize bias.

PSM method is a statistical method first proposed in 1983, mainly used for subgroup
analysis of observational clinical studies or clinical trials (Deb et al., 2016). PSM method
can effectively reduce the influence of bias and confounding variables in subgroup analysis
of observational clinical studies and RCT studies, in order to make more reasonable
comparisons between the observation group and the control group similar to randomized
controlled trials (Deb et al., 2016). The advantage of PSM is to transform the control of
confounding factors into the control of tendency value, so as to achieve the purpose of
dimensionality reduction and control of confounding bias, and to solve the
multi-dimensional problem of multiple non-study factors and the potential collinearity
problem of independent variables (Zakrison, Austin & Mccredie, 2018). PSM is generally
applicable to two types (Deb et al., 2016). First, in observational studies, the number of
directly comparable individuals in the control group and the experimental group is small.
Second, picking a subset from the control group that is same or similar to the experimental
group in all parameters for comparison is very difficult because there are many parameters
to measure individual characteristics. In the first type, the intersection between the
experimental and control groups is small. For example, the healthiest (10%) in the
treatment group is similar to the least healthy subgroup (10%) in the non-treatment group.
When comparing these two overlapping subsets it leads to a very biased conclusion. PSM
can be achieved by various statistical software, which is simple and convenient, does not
increase the difficulty of matching, and can match multiple confounding factors at the
same time (Benedetto et al., 2018; Kuss, Blettner & Börgermann, 2016). PSM method is
increasingly being applied in the medical field as an effective and ideal statistical tool.

METHODS
Study design
We conducted a retrospective observational study involving patients with first-time AHF
admissions at the Xiaoshan Hospital Affiliated to Hangzhou Normal University between
January 2018 and December 2023. Based on whether or not receiving sacubitril/valsartan
during hospitalization, two groups were set up: the treatment group and the control group.
Patients in the treatment group received sacubitril/valsartan within 24 h of confirmed AHF
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diagnosis. The inclusion criteria for participants were: a. age ≥ 18 years; b. AHF diagnosed
according to 2021 ESC Guidelines for the Diagnosis and Treatment of Acute and Chronic
Heart Failure (ESC Scientific Document Group, 2021), with the cardiac function of grade II
to IV. The exclusion criteria were: a. patients with severe trauma or history of major
surgical operations on admission; b. patients with severe liver disease, infectious diseases,
severe tuberculosis, or malignant tumors; c. patients who were not hospitalized for the first
time; d. patients with incomplete clinical information. The clinical data of patients who
met the inclusion criteria were collected, including age, gender, BMI, complications,
etiological classification, main therapeutic drugs, and laboratory indicators which included
brain natriuretic peptide (BNP), creatinine (Cr), alanine transaminase (ALT), aspartate
transaminase (AST), high density lipoprotein (HDL), low density lipoprotein (LDL),
triglyceride (TG), etc. The endpoint event of the study was whether the patient was
readmitted within 6 months after discharge. The study protocol was approved by the
Medical Ethics Committee of Xiaoshan Hospital Affiliated to Hangzhou Normal
University (Approval number: K2023008). The study has obtained a waiver of the need for
informed consent from participants.

Statistical methods
The statistical analysis was completed in the SPSS 22.0 software package (IBM Corp.,
Armonk, NY, USA). The normally distributed measurement data were expressed as mean
± standard deviations (SD) and the independent samples t-test was used for inter group
comparison. The normality was verified using Kolmogorov-Smirnov. The skewed
distributed count data were represented by median and quartile, and the Mann-Whitney U
test was used for inter group comparison. The count data were expressed by the number of
cases and percentages, and the inter group comparison was conducted using the χ2 test.
The PSM process was performed using the PSM extension program of the SPSS 22.0. With
using sacubitril/valsartan as the dependent variable and each covariate as the independent
variable, propensity score values were estimated through logistic regression. The covariates
included age, sex, comorbidities (hypertension, diabetes, chronic obstructive pulmonary
disease), smoking status, medications, body mass index (BMI), and laboratory parameters
(BNP, ALT, AST, Cr, LDL, etc.). Patients with AHF of either ischemic or non-ischemic
etiology were included in the study. A retrospective review of the patient’s diagnostic and
therapeutic course revealed that sacubitril/valsartan may be appropriately administered to
patients with either ischemic or non-ischemic AHF. Thus, etiological classification was not
incorporated as a covariate in the analysis. A 1:1 nearest neighbor matching method was
performed for matching. This process ensured the quality of the matching results by using
a caliper value of 0.2 (R language). Then the changes in the standard deviation of covariates
between two groups before and after matching were compared. The closer the standard
deviation after matching was to 0, the more satisfactory the matching result was. When the
absolute value of the standard deviation was less than 0.1, it was considered that the
balance of inter-group variables was good. Logistic regression analysis was conducted to
investigate the effect of using sacubitril/valsartan on the readmission rate within 6 months
in patients with AHF.
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RESULTS
Baseline conditions before matching of two groups
A total of 176 patients with AHF were enrolled in our study, comprised of 143 (81.3%)
with ischemic etiology and 33 (18.7%) with non-ischemic causes. Ischemic heart failure
(IHF) is defined as myocardial dysfunction resulting from coronary artery disease (CAD)-
induced ischemia or infarction, whereas non-ischemic heart failure (NIHF) encompasses
etiologies independent of CAD, including cardiomyopathies, inflammatory/infectious
processes, and metabolic disorders. In this study, both IHF and NIHF diagnoses were
physician-adjudicated through comprehensive clinical evaluation. Among them, 86 cases
received treatment with sacubitril/valsartan during the acute stage (the treatment group)
and 90 cases did not receive sacubitril/valsartan (the control group). The baseline clinical
characteristics of the cohorts prior to PSM were shown in Table 1. Compared with the
control group, the proportion of β-receptor blockers used in the treatment group was
significantly higher, while the proportion of diuretics and ACEIs was lower, with
statistically significant differences.

Baseline conditions after matching of two groups
Matching was performed using a 1:1 nearest neighbor approach with the caliper value set
to 0.2 (R language). The treatment group was used as the baselined group for matching. A
total of 53 pairs between the two groups were successfully matched. The imbalanced
covariates between the two groups reached equilibrium after matching (Figs. 1, 2). The
equilibrium of each covariate had been significantly improved through PSM method
(P > 0.05), as shown in Table 2.

Impact of sacubitril/valsartan on readmission within 6 months
Before matching, 32 of 176 patients (18.18%) were readmitted to hospital due to heart
failure, including nine patients in the treatment group (10.47%) and 23 patients in the
control group (25.56%). Using whether readmission as the dependent variable and
whether to use sacubitril/valsartan as the independent variable, logistic regression analysis
was performed. The result of univariate logistic regression analysis showed that the risk of
readmission within 6 months in the treatment group was only 34% of that in the control
group (OR = 0. 34, 95% CI [0.147–0.787], P = 0.012). After adjusting for age, sex,
biochemical examination, clinical medication, etc., the risk of readmission within 6 months
in the treatment group was 33.9% of that in the control group (OR = 0.339, 95% CI
[0.116–0.994], P = 0.049). These results indicated that the use of sacubitril/valsartan in
AHF could reduce the risk of readmission, which was a protective factor. See Table 3 for
details.

After PSM matching, 18 of 106 patients (53 patients in each group) were readmitted to
hospital, including seven patients in the treatment group (13.21%) and 11 patients in the
control group (20.75%). The readmission rate in the treatment group was lower than that
in the control group, with no significant statistical difference between the two groups.
Using whether to use sacubitril/valsartan as the independent variable and whether
readmission as the dependent variable, univariate logistic regression and multivariate
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logistic regression were performed. The results of univariate logistic regression
(OR = 0.699, 95% CI [0.267–1.831], P = 0.466) and multivariate logistic regression
(OR = 0.728, 95% CI [0.212–2.496], P = 0.252) showed no statistical significance,
suggesting that the use of sacubitril/valsartan in AHF did not reduce the risk of
readmission and was not a protective factor. The results were shown in Table 4.

DISCUSSION
As an observational study, it is obvious that random grouping cannot be achieved at the
initial stage, and confounding factors inevitably existed in the study, which affected the
accuracy of the results. Therefore, the PSMmethod was involved in this study to reduce the
bias brought by samples. However, although the PSMmethod can control the confounding
factors between groups to make the balance comparable, it will also lead to sample size
reduction (Johnson et al., 2018). A total of 176 patients were initially included in this study,
and the readmission rate within 6 months was 18.18%, which was consistent with the
results of previous studies (Chioncel et al., 2017). After PSM matching, the sample size was
obviously reduced. A total of 53 matched pairs (n = 106) were successfully generated

Table 1 Clinical features of patients in two groups before matching. A total of 86 cases (48.86%) were treated with sacubitril/valsartan during the
acute stage (the treatment group) and 90 cases were not received sacubitril/valsartan (the control group).

General information Total Control group (n = 90) Treatment
group (n = 86)

Inspection method P-value

Age (year) 75.5 (64–84) 78 (66–86) 74 (60.5–82) Whitney U 0.074

Male [n (%)] 91 (51.70) 46 (51.11) 45 (52.33) χ2 test 0.872

Ischemic type [n (%)] 143 (81.25) 71 (78.89) 72 (83.72) χ2 test 0.412

Hypertension [n (%)] 117 (66.48) 55 (61.11) 62 (72.09) χ2 test 0.123

Diabetes [n (%)] 37 (21.02) 16 (17.78) 21 (24.42) χ2 test 0.280

COPD [n (%)] 23 (13.07) 10 (11.11) 13 (15.12) χ2 test 0.431

Smoking [n (%)] 65 (36.93) 31 (34.44) 34 (39.53) χ2 test 0.484

Diuretic [n (%)] 170 (96.59) 84 (93.33) 86 (100.00) Fisher 0.029

ACEI [n (%)] 25 (14.20) 20 (22.22) 5 (5.81) χ2 test 0.002

ARB [n (%)] 46 (26.14) 27 (30.00) 19 (22.09) χ2 test 0.233

CCB [n (%)] 47 (26.70) 26 (28.89) 21 (24.42) χ2 test 0.503

β-receptor blocker
[n (%)]

57 (32.39) 23 (25.56) 34 (39.53) χ2 test 0.048

BMI (kg/m2) 22.89 (20.83–26.41) 22.83 (20.26–24.26) 23.22 (20.89–27.16) Whitney U 0.086

BNP (pg/mL) 891.6 (580.83–1530.1) 854.8 (600.13–1411.1) 947 (530.25–1638.75) Whitney U 0.657

Cr (µmol/L) 89.79 (71.38–112.8) 91.35 (70.28–117.63) 88.65 (72.1–111.13) Whitney U 0.775

ALT (U/L) 21.9 (16.1–36.7) 20.65 (15.43–40.33) 23 (16.25–34.15) Whitney U 0.438

AST (U/L) 27.35 (21–36.83) 27.95 (21.83–36.73) 26.7 (19.6–37.03) Whitney U 0.484

TG (mmol/L) 0.95 (0.69–1.27) 0.95 (0.69–1.25) 0.95 (0.69–1.27) Whitney U 0.77

HDL (mmol/L) 1.12 ± 0.3 1.12 ± 0.34 1.12 ± 0.25 t-test 0.921

LDL (mmol/L) 2.18 (1.68–2.74) 2.09 (1.67–2.65) 2.33 (1.69–2.97) Whitney U 0.154

Cases of readmission within 6 months 32 (18.18) 23 (25.56) 9 (10.47) χ2 test 0.009

Note:
COPD, chronic obstructive pulmonary disease; ACEI, angiotensin-converting enzyme inhibitor; ARB, Angiotensin receptor antagonist; CCB, Calcium channel blocker.
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through PSM. The reduced sample size following matching may limit the statistical power
and generalizability of our findings, potentially increasing the risk of Type II errors.
Among the 176 enrolled patients, all were clinically evaluated by physicians as eligible for
sacubitril/valsartan therapy with no documented contraindications. Treatment allocation
was ultimately determined by non-medical factors in control group participants. In the
initial phase of the study, our hospital had not yet formally introduced sacubitril/valsartan.
During the latter half of the study, after sacubitril/valsartan was officially made available in
the hospital, patients with AHF without contraindications were treated with this
medication.

Figure 1 Distribution histogram of the standard deviations before and after matching. The imbal-
anced covariates between the two groups reached equilibrium after matching.

Full-size DOI: 10.7717/peerj.20055/fig-1
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Figure 2 Scatter plot of standardized mean differences before and after matching. The imbalanced
covariates between the two groups reached equilibrium after matching.

Full-size DOI: 10.7717/peerj.20055/fig-2

Table 2 Clinical features of patients in two groups after matching. A total of 53 pairs between the two groups were successfully matched.

General information Total Control group (n = 53) Treatment
group (n = 53)

Inspection method P-value

Age (year) 74.5 (64–84.25) 74 (66.5–85.5) 75 (62.5–84) Whitney U 0.857

Male [n (%)] 57 (53.77) 28 (52.83) 29 (54.72) χ2 test 0.846

Ischemic type [n (%)] 86 (81.13) 41 (77.36) 45 (84.91) χ2 test 0.321

Hypertension [n (%)] 73 (68.87) 37 (69.81) 36 (67.92) χ2 test 0.834

Diabetes [n (%)] 23 (21.70) 12 (22.64) 11 (20.75) χ2 test 0.814

COPD [n (%)] 14 (13.21) 7 (13.21) 7 (13.21) χ2 test 1

Smoking [n (%)] 42 (39.62) 20 (37.74) 22 (41.51) χ2 test 0.691

Diuretic [n (%)] 106 (100) 53 (100) 53 (100) – –

ACEI [n (%)] 12 (11.32) 7 (13.21) 5 (9.43) χ2 test 0.54

ARB [n (%)] 30 (28.30) 17 (32.08) 13 (24.53) χ2 test 0.388

CCB [n (%)] 25 (23.58) 14 (26.42) 11 (20.75) χ2 test 0.492

β-receptor blocker [n (%)] 36 (33.96) 20 (37.74) 16 (30.19) χ2 test 0.412

BMI (kg/m2) 23.16 (20.99–26.65) 23.18 (22.04–26.62) 22.22 (20.56–26.66) Whitney U 0.194

BNP (pg/mL) 880.1 (528.15–1411.1) 821.4 (546.3–1235.1) 998.8 (519.2–1588.05) Whitney U 0.229

Cr (µmol/L) 84.15 (68.75–110.95) 82.9 (68.65–111.85) 89.5 (74.8–113.85) Whitney U 0.153

ALT (U/L) 20.45 (15.78–29.45) 20 (15.35–29) 20.8 (16.2–30.2) Whitney U 0.645

AST (U/L) 26.15 (20.6–34.9) 24.8 (19.45–33.6) 26.8 (20.95–36.6) Whitney U 0.281

(Continued)
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While the crude analysis suggested a potential benefit of sacubitril/valsartan on
6-month readmissions, the propensity-matched comparison failed to confirm this effect,
indicating possible residual confounding in the initial observational data. Prior to
matching, both univariate and multivariate binary logistic regression showed that
sacubitril/valsartan was a protective factor for reducing readmission to the hospital after
initial diagnosis of AHF. After matching, neither univariate logistic regression analysis nor
multivariate logistic regression analysis showed that sacubitril/valsartan used during
hospitalization was a protective factor for reducing readmission of patients. Although the
treatment group exhibited a lower readmission rate, no statistically significant difference
was observed between the two groups for the endpoint event.

Presently, there are few studies on the use of sacubitril/valsartan for AHF. In the
PIONEER-HF study (McMurray et al., 2014; Morrow et al., 2019; Berg et al., 2021;
Velazquez et al., 2018; Devore et al., 2020), heart failure with reduced ejection fraction
(HFrEF) patients hospitalized for new heart failure or acute decompensated heart failure
(ADHF) were randomly given sacubitril/valsartan or enalapril after stabilization. A greater
reduction in N-terminal pro-B-type natriuretic peptide (NT-proBNP) was observed at 4
and 8 weeks in the treatment group, with fewer adverse events related to heart failure,
providing evidence for the effectiveness of in-hospital use of sacubitril/valsartan. In the

Table 2 (continued)

General information Total Control group (n = 53) Treatment
group (n = 53)

Inspection method P-value

TG (mmol/L) 0.94 (0.68–1.22) 0.93 (0.72–1.21) 0.94 (0.68–1.26) Whitney U 0.783

HDL (mmol/L) 0.14 ± 0.30 1.14 ± 0.34 1.14 ± 0.26 t- test 0.897

LDL (mmol/L) 2.13 (1.66–2.83) 2.12 (1.64–2.74) 2.15 (1.64–2.97) Whitney U 0.714

Cases of readmission
within 6 months

18 (16.98) 11 (20.75) 7 (13.21) χ2 test 0.301

Note:
COPD, chronic obstructive pulmonary disease; ACEI, angiotensin-converting enzyme inhibitor; ARB, Angiotensin receptor antagonist; CCB, Calcium channel blocker.

Table 3 Results of univariate and multivariate logistic regression analysis before matching. The
result of univariate logistic regression analysis showed that the risk of readmission within 6 months in the
treatment group was only 34% of that in the control group (OR = 0. 34, 95% CI [0.147–0.787], P = 0.012).

Model OR P-value

Univariate logistic regression 0.34 (0.147–0.787) 0.012

Multivariate logistic regression 0.339 (0.116–0.994) 0.049

Table 4 Results of univariate and multivariate logistic regression analysis after PSM matching. The
readmission rate in the treatment group was lower than that in the control group, with no significant
statistical difference between the two groups.

Model OR P-value

Univariate logistic regression 0.699 (0.267–1.831) 0.466

Multivariate logistic regression 0.728 (0.212–2.496) 0.252
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open-label TRANSITION study (Pascual-Figal et al., 2018; Wachter et al., 2019), more
than 1,000 HFrEF patients hospitalized with ADHF were randomly assigned to early
in-hospital medication group (sacubitril/valsartan used after 24 h of hemodynamic
stabilization) or post-discharge medication group (sacubitril/valsartan used within 14 days
of discharge). The use of sacubitril/valsartan at different stages showed the same security.
Another study in newly diagnosed patients with AHF suggested that early intervention
with sacubitril/valsartan is thought to delay disease progression in patients with neonatal
HFrEF (Senni et al., 2020).

However, the results of our study are inconsistent with the above studies. We speculate
that there are two possible reasons. First, the primary endpoint of our study is the
readmission rate. Currently, clinical studies related to sacubitril/valsartan have not yet
used readmission rates as an indicator of drug efficacy. Second, this study is a retrospective
observational study in the real world without any intervention. PMS allows for the
comparison of patients under relatively equitable conditions, providing more reference
value than general regression studies. Therefore, we can assume that the matched results
are more reliable. The use of sacubitril/valsartan in AHF may not be a protective factor for
reducing readmission in patients. Notably, ejection fraction data were largely missing for
the majority of patients. This unavoidable limitation may affect the generalizability of our
findings.

CONCLUSIONS
In conclusion, the results of this study suggest that the use of sacubitril/valsartan during
hospitalization in newly diagnosed AHF does not reduce the risk of readmissions.
However, there are certain limitations in the study, more clinical studies are needed to
support this conclusion. As a retrospective study, some clinical indicators such as BNP,
ejection fraction, etc., are missing, leading to no comparison of the indicators before and
after 6 months. In addition, the study is a single-center study with a small sample size. The
admission status of patients in other medical institutions cannot be obtained. The
follow-up multi-center observation studies should be conducted for further discussion. For
similar observational studies, PSM method can greatly reduce the bias of retrospectively
collected data, thus obtaining more reliable results.

ACKNOWLEDGEMENTS
The authors used letsenhance.io to enlarge Fig. 1; no AI was used to generate the data or
figure.

ADDITIONAL INFORMATION AND DECLARATIONS

Funding
This work was supported by the Hangzhou Pharmaceutical Association Hospital
Pharmaceutical Innovation Research Fund Project (Grant/Award Number: N/A). The
funders had no role in study design, data collection and analysis, decision to publish, or
preparation of the manuscript.

Zhang et al. (2025), PeerJ, DOI 10.7717/peerj.20055 9/11

https://url.us.m.mimecastprotect.com/s/MFJxCo2vOqfPOpyV7s1fltp2pzt?domain=letsenhance.io
http://dx.doi.org/10.7717/peerj.20055
https://peerj.com/


Grant Disclosures
The following grant information was disclosed by the authors:
Hangzhou Pharmaceutical Association Hospital Pharmaceutical Innovation Research
Fund.

Competing Interests
The authors declare that they have no competing interests.

Author Contributions
. Lingdi Zhang performed the experiments, prepared figures and/or tables, and approved
the final draft.

. Qinglian Chen analyzed the data, authored or reviewed drafts of the article, and
approved the final draft.

. Guofei Ren conceived and designed the experiments, authored or reviewed drafts of the
article, and approved the final draft.

Human Ethics
The following information was supplied relating to ethical approvals (i.e., approving body
and any reference numbers):

The Medical Ethics Committee of Xiaoshan Hospital Affiliated to Hangzhou Normal
University (Approval number: K2023008).

Data Availability
The following information was supplied regarding data availability:

The raw measurements are available in the Supplemental File.

Supplemental Information
Supplemental information for this article can be found online at http://dx.doi.org/10.7717/
peerj.20055#supplemental-information.

REFERENCES
Benedetto U, Head SJ, Angelini GD, Blackstone EH. 2018. Statistical primer: propensity score

matching and its alternatives. European Journal of Cardio-Thoracic Surgery 53(6):1112–1117
DOI 10.1093/ejcts/ezy167.

Berg DD, Samsky MD, Velazquez EJ, Duffy CI, Devore AD. 2021. Efficacy and safety of
sacubitril/valsartan in high-risk patients in the PIONEER-HF trial. Circulation: Heart Failure
14(2):e007034 DOI 10.1161/CIRCHEARTFAILURE.120.007034.

Chioncel O, Mebazaa A, Harjola VP, Coats AJ, Maggioni Aldo P. 2017. Clinical phenotypes and
outcome of patients hospitalized for acute heart failure: the ESC heart failure long-term registry.
European Journal of Heart Failure 19(10):1242–1254 DOI 10.1002/ejhf.890.

Deb S, Austin PC, Tu JV, Ko DT, Mazer CD, Kiss A, Fremes SE. 2016. A review of
propensity-score methods and their use in cardiovascular research. Canadian Journal of
Cardiology 32(2):259–265 DOI 10.1016/j.cjca.2015.05.015.

Devore AD, Braunwald E, Morrow DA, Duffy CI, Velazquez EJ. 2020. Initiation of
angiotensin-neprilysin inhibition after acute decompensated heart failure: secondary analysis of

Zhang et al. (2025), PeerJ, DOI 10.7717/peerj.20055 10/11

http://dx.doi.org/10.7717/peerj.20055#supplemental-information
http://dx.doi.org/10.7717/peerj.20055#supplemental-information
http://dx.doi.org/10.7717/peerj.20055#supplemental-information
http://dx.doi.org/10.1093/ejcts/ezy167
http://dx.doi.org/10.1161/CIRCHEARTFAILURE.120.007034
http://dx.doi.org/10.1002/ejhf.890
http://dx.doi.org/10.1016/j.cjca.2015.05.015
http://dx.doi.org/10.7717/peerj.20055
https://peerj.com/


the open-label extension of the PIONEER-HF trial. JAMA Cardiology 5(2):202–207
DOI 10.1001/jamacardio.2019.4665.

ESC Scientific Document Group. 2021. 2021 ESC Guidelines for the diagnosis and treatment of
acute and chronic heart failure. European Heart Journal 42(36):3599–3726
DOI 10.1093/eurheartj/ehab368.

Johnson SR, Tomlinson GA, Hawker GA, Granton JT, Feldman BM. 2018. Propensity score
methods for bias reduction in observational studies of treatment effect. Rheumatic Disease
Clinics of North America 44(2):203–213 DOI 10.1016/j.rdc.2018.01.002.

Kuss O, Blettner M, Börgermann J. 2016. Propensity score: an alternative method of analyzing
treatment effects. Deutsches Ärzteblatt International 113:597–603
DOI 10.3238/arztebl.2016.0597.

McMurray JJ, Packer M, Desai AS, Gong J, Lefkowitz MP, Rizkala AR, Rouleau JL, Shi VC,
Solomon SD, Swedberg K, Zile MR. 2014. PARADIGM-HF investigators and committees.
Angiotensin-neprilysin inhibition versus enalapril in heart failure. New England Journal of
Medicine 371(11):993–1004 DOI 10.1056/NEJMoa1409077.

Morrow DA, Velazquez EJ, DeVore AD, Desai AS, Duffy CI, Ambrosy AP, Gurmu Y,
McCague K, Rocha R, Braunwald E. 2019. Clinical outcomes in patients with acute
decompensated heart failure randomly assigned to sacubitril/valsartan or enalapril in the
PIONEER-HF trial. Circulation 139(19):2285–2288
DOI 10.1161/CIRCULATIONAHA.118.039331.

Pascual-Figal D, Wachter R, Senni M, Belohlavek J, Butylin D. 2018. Rationale and design of
TRANSITION: a randomized trial of pre-discharge vs. post-discharge initiation of sacubitril/
valsartan. ESC Heart Fail 5:327–336 DOI 10.1002/ehf2.12246.

Senni M, Wachter R, Witte KK, Straburzynska-Migaj E, Belohlavek J, Fonseca C, Mueller C,
Lonn E, Chakrabarti A, Bao W. 2020. Initiation of sacubitril/valsartan shortly after
hospitalisation for acutely decompensated heart failure in patients with newly diagnosed (de
novo) heart failure: a subgroup analysis of the TRANSITION study. European Journal of Heart
Failure 22(2):303–312 DOI 10.1002/ejhf.1670.

Velazquez EJ, Morrow DA, DeVore AD, Ambrosy AP, Duffy CI, McCague K, Hernandez AF,
Rocha RA, Braunwald E. 2018. Rationale and design of the comparison of sacubitril/valsartan
versus Enalapril on effect on nt-pRo-bnp in patients stabilized from an acute Heart Failure
episode (PIONEER-HF) trial. American Heart Journal 198(5):145–151
DOI 10.1016/j.ahj.2018.01.004.

Wachter R, Senni M, Belohlavek J, Straburzynska-Migaj E, Witte KK, Kobalava Z, Fonseca C,
Goncalvesova E, Cavusoglu Y, Fernandez A, Chaaban S, Bohmer E, Pouleur AC, Mueller C,
Tribouilloy C, Lonn E, Buraiki JA, Gniot J, Mozheiko M, Lelonek M, Noe A, Schwende H,
Bao W, Butylin D, Pascual-Figal D. 2019. Initiation of sacubitril/valsartan in
haemodynamically stabilized heart failure patients in hospital or early after discharge: primary
results of the randomised TRANSITION study. European Journal of Heart Failure
21(8):998–1007 DOI 10.1002/ejhf.1498.

Zakrison TL, Austin PC, Mccredie VA. 2018. A systematic review of propensity score methods in
the acute care surgery literature: avoiding the pitfalls and proposing a set of reporting guidelines.
European Journal of Trauma and Emergency Surgery 44(3):385–395
DOI 10.1007/s00068-017-0786-6.

Zhang et al. (2025), PeerJ, DOI 10.7717/peerj.20055 11/11

http://dx.doi.org/10.1001/jamacardio.2019.4665
http://dx.doi.org/10.1093/eurheartj/ehab368
http://dx.doi.org/10.1016/j.rdc.2018.01.002
http://dx.doi.org/10.3238/arztebl.2016.0597
http://dx.doi.org/10.1056/NEJMoa1409077
http://dx.doi.org/10.1161/CIRCULATIONAHA.118.039331
http://dx.doi.org/10.1002/ehf2.12246
http://dx.doi.org/10.1002/ejhf.1670
http://dx.doi.org/10.1016/j.ahj.2018.01.004
http://dx.doi.org/10.1002/ejhf.1498
http://dx.doi.org/10.1007/s00068-017-0786-6
http://dx.doi.org/10.7717/peerj.20055
https://peerj.com/

	A propensity score-matched retrospective study on sacubitril/valsartan use and 6-month readmission rates in patients with acute heart failure ...
	Introduction
	Methods
	Results
	Discussion
	Conclusions
	flink6
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile (None)
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Average
  /ColorImageResolution 300
  /ColorImageDepth 8
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /FlateEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Average
  /GrayImageResolution 300
  /GrayImageDepth 8
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /FlateEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Average
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


