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Objective: This study aimed to evaluate the association between red blood cell distribution width (RDW) changes and major adverse 
cardiovascular event (MACE) occurrences during sacubitril/valsartan treatment in patients with heart failure with reduced ejection 
fraction (HFrEF).
Methods: This study retrospectively analyzed the medical records of patients with HFrEF hospitalized from April 2018 to 
February 2021. The patients were divided into two groups according to the inclusion of sacubitril/valsartan in the personal drug 
treatment regimen, the traditional and the sacubitril/valsartan group. RDW values before and after sacubitril/valsartan treatment were 
recorded respectively as RDW1 and RDW2. ΔRDW was defined as the difference between RDW2 and RDW1. The patients in the 
sacubitril/valsartan group were divided into two subgroups according to ΔRDW >0 or ≤0. MACEs, such as readmission for HF, acute 
myocardial infarction, ischemic stroke, and malignant arrhythmia and death, were recorded during the 1-year follow-up period in each 
group.
Results: MACE development was lower in patients treated with sacubitril/valsartan than those treated with conventional therapy (log- 
rank, P<0.001). The incidence of cardiac events during the follow-up period was greater in the group with ΔRDW >0 than in the group 
with ΔRDW ≤0 (Breslow, P<0.001). Increased RDW was associated with a higher likelihood of developing MACE than decreased 
RDW (odds ratio [OR] =2.055, 95% confidence interval [CI]:1.301–3.246), and the risk of developing MACE increased by 22.1% for 
each unit increase in RDW (OR=1.221, 95% CI:1.074–1.389).
Conclusion: Sacubitril/valsartan treatment is effective in reducing the risk of MACEs in HFrEF. Additionally, RDW changes are 
predictors of MACEs after sacubitril/valsartan treatment.
Keywords: red blood cell distribution width, heart failure, sacubitril/valsartan, major adverse cardiovascular events

Introduction
Heart failure (HF) is a complex clinical syndrome caused by ventricular overfilling, impaired ejection capacity, or both. 
HF has affected up to 23 million people worldwide, with HF with reduced ejection fraction (HFrEF) accounting for 
approximately 50%.1

Red blood cell distribution width (RDW) is a routine laboratory marker that reflects the degree of peripheral red blood 
cell volume heterogeneity. RDW abnormalities are seen in the nervous, respiratory, hematologic, and cardiovascular 
circulatory systems, and are elevated in tumors and novel coronavirus pneumonia.2 RDW has the same research value as 
N-terminal pro-b-type natriuretic peptide (NT-proBNP) in predicting early clinical HF outcomes.3 However, a single RDW 
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measurement does not reflect dynamic changes in disease status, especially similar diseases to recurrent HF episodes, have 
a long disease duration, and are at high risk of death. A valid indicator is needed to reflect the treatment effect at different 
stages, and longitudinal RDW assessment over time may be a more effective indicator than baseline values.

A new concept, ΔRDW, has recently been proposed to reflect dynamic changes in RDW. It is used either to record the 
difference between RDW values at baseline and at various time points after clinical treatment or name unit changes in RDW in 
the study population by the investigator. ΔRDW has aroused the attention of some researchers in predicting the risk of 
infection in particular people,4 early postoperative morbidity,5 disease survival outcomes,6,7 and risk stratification of patients.8

The current study did not address dynamic RDW changes after sacubitril-valsartan treatment in patients with HF. 
Additionally, the association between RDW and major adverse cardiovascular events (MACEs)remained unknown.

Therefore, this study aimed to investigate the use of RDW changes as predictors of risk stratification and long-term 
prognosis in patients with cardiovascular disease.

Materials and Methods
Participant Selection
Retrospective analyses were performed on the medical records of patients hospitalized for HF from April 2018 to 
February 2021. Eligible patients were aged≥18 years and diagnosed with HFrEF. This study has been approved by the 
Ethics Committee of the Second Affiliated Hospital of Shandong First Medical University. The investigation conformed 
to the principles outlined in the Declaration of Helsinki and the informed written consent was given prior to the inclusion 
of subjects in the study (See Figure 1).

General Clinical Data
The electronic medical record system of JiaheMeikang in Beijing was retrospectively reviewed. Additionally, sex, age, 
and history of hypertension, diabetes, previous smoking, alcohol consumption, and medication were collected. Specific 
medication history included: cardiac glycosides, β-blockers, thrombin inhibitors, lipid-lowering drugs, antiplatelet drugs, 
calcium channel blockers (CCBs), angiotensin-converting enzyme inhibitors (ACEIs), and angiotensin receptor blockers 
(ARBs). MACE was defined as readmission due to HF, acute myocardial infarction, malignant arrhythmia, ischemic 
stroke, and death.

Data Collection
Test results of platelet count (PLT), D-dimer, white blood cell count, low-density lipoprotein, hemoglobin, triglyceride, 
neutrophil percentage, RDW, fasting blood glucose, alanine aminotransferase, hematocrit, aspartate aminotransferase, 
blood urea nitrogen, serum potassium, total cholesterol, creatinine, and homocysteine were collected by the Remex 
laboratory management system. Left ventricular ejection fraction (LVEF) was obtained from a cardiac ultrasound report.

Methods of Measurement
RDW values of blood parameters measured at initial admission were recorded as RDW1 for patients in the sacubitril- 
valsartan treatment group. ΔRDW was defined as the difference between the last and first values (ie, ΔRDW = RDW2 − 
RDW1). The 1-year incidence of MACE was ascertained by examining medical records and by telephone after discharge.

Statistical Analysis
Data were expressed as means±standard deviations. Baseline characteristics were compared between the traditional and 
sacubitril/valsartan groups. Continuous variables were analyzed using Student’s t-test or Mann–Whitney U-test, and 
categorical variables were analyzed using the chi-square test. Multivariable Cox proportional hazards regression models 
were performed to identify independent risk factors associated with a 1-year incidence of MACE. Kaplan-Meier survival 
analysis was performed according to ΔRDW. All statistical analyses were performed using Statistical Package for the 
Social Sciences version 26 (IBM released in 2019; IBM SPSS Statistics for Windows, Version 26.0. Amenck, NY: IBM), 
and P-values of <0.05 was considered statistically significant.
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Results
Comparison of MACE Between the Sacubitril/Valsartan and Traditional Groups
Baseline Characteristics
The sacubitril/valsartan group included 205 patients, ages 64.70±13.93 years, 76.1%were male, with a mean LVEF of 
32.47% ±5.70%, and fewer patients (14.1%) had comorbid hypertension, as shown in Table 1. Significant differences 
were found in gender, LVEF values, systolic blood pressure, and diastolic blood pressure between the two groups, with 

Figure 1 Study flow chart.
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Table 1 Baseline Data of Sacubitril/Valsartan Group and Traditional Group

Variable Sacubitril/Valsartan  
Group (n = 205)

Traditional  
Group (n = 219)

F/Z/X2 P

Age (years) 64.70±13.93 66.97±13.61 2.892 0.09
Male (%) 156 (76.1) 144 (65.8) 5.475 0.019

Smoking history/(n,%) 105 (51.2) 92 (42.0) 3.611 0.057

Alcohol history/(n,%) 107 (52.2) 105 (47.9) 0.765 0.382
LVEF (%) 32.47±5.70 34.03±4.60 9.524 0.002

Systolic blood pressure (mmHg) 127.75±24.93 133.47±23.98 5.799 0.016

Diastolic Blood Pressure (mmHg) 80.68±17.72 84.16±13.73 5.067 0.025
MACE/(n,%) 98 (47.8%) 154 (70.3%) 22.262 0.000

Comorbidities

DM/(n,%) 40 (19.5) 60 (27.4) 3.653 0.056
Hypertension/(n,%) 29 (14.1) 83 (37.9) 30.735 0.000

Cardiac glycosides/(n,%) 66 (32.2) 42 (19.2) 9.461 0.002

Beta blockers/(n,%) 168 (82.0) 159 (72.6) 5.245 0.022
Thrombin inhibitors/(n,%) 47 (22.9) 26 (11.9) 9.079 0.003

Lipid-lowering drugs/(n,%) 154 (75.1) 151 (69.0) 1.998 0.158

Antiplatelet drugs/(n,%) 148 (72.2) 174 (79.5) 3.052 0.081
CCB/(n,%) 13 (6.3) 24 (11.0) 2.834 0.092

ACEI/(n,%) 14 (6.8) 46 (21.0) 17.514 0.000
ARB/(n,%) 7 (3.4) 22 (10.0) 7.307 0.007

Beta blockers/(n,%) 168 (82.0) 159 (72.6) 5.245 0.022

Thrombin inhibitors/(n,%) 47 (22.9) 26 (11.9) 9.079 0.003
Lipid-lowering drugs/(n,%) 154 (75.1) 151 (69.0) 1.998 0.158

Laboratory data

NT-proBNP (ng/mL) 3763 (1732–7815) 4536 (1281–10,228) −0.834 0.404
PLT (×10 9/L) 194.27±57.08 209.81±67.32 6.505 0.011

Laboratory data

WBC (×10 9/L) 7.29±2.28 7.67±2.42 2.832 0.093
NEUT (%) 68.4 (61.8–74.2) 70.05 (63–77.8) −1.557 0.199

Hb (g/L) 132.75±16.71 133.37±17.02 0.138 0.710

Baseline RDW (%) 13.99±1.90 13.37±1.60 13.175 0.000
RDW 2 (%) 13.45±1.41 13.69±1.64 2.502 0.114

ΔRDW (%) (−0.40 (−1.45–0.70)) 0.30 (−0.60–1.20) −4.795 0.000

HCT 0.40 ± 0.06 0.39 ± 0.06 0.155 0.694
ALT (U/L) 26 (16–46) 29 (17–55) −1.147 0.251

AST (U/L) 25 (20–36) 30 (22–51) −3.568 0.000

BUN (mmol/L) 7.84 (6.192–9.83) 6.96 (5.4–8.72) 3.005 0.003
Cr (umol/L) 86.1 (70.1–107.1) 74.7 (63.0–88.9) 4.631 0.000

HCY (umol/L) 17.8 (14.7–23.35) 15.75 (13.1–20.2) 2.564 0.010

K+ (mmol/L) 4.05 ± 0.54 4.07 ± 0.59 0.104 0.747
GLU (mmol/L) 5.68 (4.9–7.13) 5.73 (4.96–7.93) −1.263 0.207

TC (mmol/L) 4.13 (3.0–4.72) 4.36 (3.74–5.14) −3.296 0.001

LDL (mmol/L) 2.3 (1.735–2.81) 2.42 (1.88–3.01) −2.367 0.018
TG (mmol/L) 0.94 (0.785–1.205) 1.06 (0.76–1.44) −1.742 0.082

D-D (mg/L) 0.69 (0.29–1.41) 0.65 (0.33–1.65) −0.768 0.443

Abbreviations: LVEF, left ventricular ejection fraction; DM, Diabetes Mellitus; CCB, Calcium channel blocker; ACEI, angiotensin- 
converting enzyme inhibitors; ARB, angiotensin receptor blockers; PLT, platelet count; WBC, white blood cell count; NEUT, neutrophil 
percentage; Hb, hemoglobin; HCT, hematocrit; ALT, alanine aminotransferase; AST, aspartate aminotransferase; BUN, blood urea 
nitrogen; Cr, creatinine; HCY, homocysteine; GLU, fasting blood glucose; TC, total cholesterol; LDL, low-density lipoprotein; TG, 
triglyceride; D-D, D-dimer.
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statistical significance (P<0.05). RDW significantly decreased more in the sacubitril/valsartan than in the traditional 
groups (−0.40 [−1.45–0.70] vs 0.30 [−0.60–1.20], P<0.05). Both groups had a history of long-term smoking (51.2%vs 
42.0%, P = 0.057) and alcohol consumption (52.2%vs 47.9%, P=0.382). NT-proBNP levels were above the normal range 
in both groups, with no significant difference (P>0.05).

Sacubitril/Valsartan versus Traditional Cox Analysis
The dependent variable was assigned (MACE=1, no MACE =0), and covariates were assigned a medical history of 
hypertension (yes=1, no=0), gender (male=1, female=0), cardiac glycosides (yes=1, no=0), beta drugs (yes=1, no=0), 
thrombin inhibitors (yes=1, no=0), and treatment regimen (sacubitril/valsartan treatment=1, traditional=0). Continuous 
numerical variables are not assigned values. The impact ofMACEs in both groups was only related to sacubitril 
treatment, as shown in Table 2. Pharmacological treatment with sacubitril/valsartan is a protective factor for MACE 
events in patients with HFrEF.

Kaplan-Meier Curve Analysis by Treatment Regimen
During the 1-year follow-up period, 98 and 154 MACEs occurred in the sacubitril/valsartan and traditional treatment 
groups, with 47.8% and 70.3% incidence of cardiac events, respectively (P<0.05). The mean time to MACE was compared 
between the two groups in Table 3. Mean event periods were lower in the conventional group than in the sacubitril/valsartan 
group. Kaplan-Meier analysis revealed a higher incidence of cardiac events during the observation period (log-rank, 
P<0.001), which occurred earlier in the conventional group than in the sacubitril/valsartan group (Figure 2).

Table 2 Multivariate COX Analysis of Two Treatment Regimens

Variable B value P value OR (95% CI)

Gender 0.845 1.033 (0.744–1.435)

LVEF 0.836 1.003 (0.972–1.036)
Systolic blood pressure 0.205 1.006 (0.997–1.015)

Diastolic 0.742 0.998 (0.984–1.011)

Hypertension 0.374 0.738 (0.378–1.441)
Cardiac Glycosides 0.376 0.838 (0.567–1.239)

Beta blockers 0.61 0.911 (0.636–1.304)

Thrombin inhibitors 0.073 1.449 (0.966–2.173)
ACEI 0.301 1.482 (0.703–3.125)

ARB 0.321 1.522 (0.663–3.493)

PLT 0.537 0.999 (0.997–1.002)
RDW 0.404 1.044 (0.944–1.155)

AST 0.323 1.000 (0.999–1.000)

BUN 0.468 1.018 (0.971–1.066)
Cr 0.972 1.000 (0.998–1.002)

HCY 0.427 1.004 (0.994–1.015)

TC 0.961 1.000 (0.995–1.005)
Sacubitril/Valsartan −0.665 0.000 0.514 (0.371–0.714)

Table 3 Mean Time to Cardiac Event in Sacubitril/Valsartan versus Traditional Arm

Estimate Criteria Error 95% Confidence Interval

Lower Limit Upper Limit

Traditional Group 8.606 0.228 8.159 9.052

Sacubitril-Valsartan Group 9.073 0.270 8.545 9.601
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Comparison of Positive and Negative Changes in ΔRDW MACEs in the Sacubitril/ 
Valsartan Group
General Data of Positive and Negative Change Grouping of ΔRDW
The effect of sacubitril/valsartan drugs on treatment outcomes was separately analyzed based only on considering the 
actual difference in RDW before and after sacubitril/valsartan treatment.

Of 205 patients treated with sacubitril/valsartan having ΔRDW of ≤0, 123 and 82 were classified as negative and positive 
ΔRDW, respectively. The baseline clinical characteristics of patients are shown in Table 4. No significant differences were 
found between the groups with ΔRDWof >0 and ≤0 in terms of age, gender, smoking history, drinking history, hypertension, 

Figure 2 Survival analysis of sacubitril-valsartan group versus traditional group.

Table 4 General Data of Positive and Negative Change Grouping of ΔRDW

Variable ΔRDW≤0 ΔRDW>0 F/Z/X2 P

Sample Size 123 82 – –
Age (years) 64.48±13.53 65.02±14.60 0.075 0.785

Male (%) 91 (73.98%) 65 (79.27%) 0.755 0.385

Smoking history/(n,%) 61 (49.59%) 44 (53.66%) 0.325 0.568
Alcohol history/(n,%) 59 (47.97%) 48 (58.54%) 2.203 0.138

LVEF (%) 33.14±5.49 31.48±5.895 4.252 0.040

Systolic blood pressure (mmHg) 125.92±25.42 130.49±24.06 1.658 0.199
Diastolic Blood Pressure (mmHg) 80.26±19.08 81.30±15.54 0.170 0.680

MACE/(n,%) 56 (45.53%) 42 (51.22%) 0.639 0.424

Comorbidities
Diabetes mellitus/(n,%) 27 (21.95%) 13 (15.85%) 1.165 0.280

Hypertension/(n,%) 13 (10.57%) 16 (19.51%) 3.240 0.072

Cardiac glycosides/(n,%) 45 (36.58%) 21 (25.61%) 2.715 0.099
Beta blockers/(n,%) 99 (80.49%) 69 (84.15%) 0.445 0.505

Thrombin inhibitors/(n,%) 34 (27.64%) 13 (15.85%) 3.869 0.049

(Continued)
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and diabetes. Echocardiographic findings revealed no difference in LVEF between the two groups. Among the laboratory 
parameters, the group with ≤0 ΔRDW had lower leukocyte counts and higher urea and creatinine levels.

Correlation Between RDW and Multivariate
Correlation analysis in Table 5 shows a positively correlated baseline RDW and ΔRDW change rate, NT-proBNP, and 
urea (R=0.589, P<0.001; R=0.400, P<0.001; R=0.237, P=0.001, respectively).

Kaplan-Meier Curve Analysis of RDW Change and the Occurrence of MACEs
The observation period revealed 98 (47.8%) cardiac events, including readmission for HF (n=92), acute myocardial 
infarction (n=1), ischemic stroke (n=1), malignant arrhythmia (n=3), and sudden cardiac death due to HF (n=1), as shown 
in Table 6. The incidence of cardiac events was 51.22% and 45.53% in the ΔRDW of >0 and ≤0 groups, respectively. 

Table 4 (Continued). 

Variable ΔRDW≤0 ΔRDW>0 F/Z/X2 P

Lipid-lowering drugs/(n,%) 90 (73.17%) 64 (78.05%) 0.626 0.429

Antiplatelet/(n,%) 86 (69.92%) 62 (75.61%) 0.794 0.373
CCB/(n,%) 5 (4.1%) 8 (9.8%) 2.683 0.101

ACEI/(n,%) 7 (5.7%) 7 (8.5%) 0.626 0.429

ARB/(n,%) 2 (1.6%) 5 (6.1%) 2.983 0.084
Laboratory data

NT-proBNP (ng/mL) 4167 (2062–10,586) 3132.50 (1172.25–6548.25) −1.829 0.067

PLT (×10 9/L) 191.83±59.01 197.99±54.17 0.567 0.452
WBC (×10 9/L) 7.20 (6.08–8.54) 6.90 (5.64–7.66) −2.131 0.033

NEUT (%) 68.34±10.88 68.11±9.39 0.026 0.873

Hb (g/L) 132.80±17.52 132.68±15.50 0.003 0.958
Baseline RDW (%) 14.66±1.97 12.98±1.21 57.130 0.000

RDW 2 (%) 12.95±1.19 14.21±1.37 46.607 0.000

HCT 0.40 ± 0.07 0.39 ± 0.05 0.627 0.429
ALT (U/L) 24 (16–46) 28 (18–48.25) −0.579 0.563

AST (U/L) 25 (19.50–36.00) 26 (20–36.00) −0.373 0.709

BUN (mmol/L) 8.28 (6.49–10.68) 7.47 (5.85–9.21) −2.086 0.037
Cr (umol/L) 90.3 (75.45–108.78) 76.7 (65.55–102.70) −2.217 0.027

HCY (umol/L) 18.30 (15.00–23.80) 16.30 (13.90–22.1) −1.780 0.075
K (mmol/L) 4.08±0.60 4.01±0.42 1.002 0.318

GLU (mmol/L) 5.79 (4.61–7.16) 5.53 (5.10–6.92) −0.944 0.345

TC (mmol/L) 4.13 (3.09–4.70) 4.18 (3.34–4.89) −0.745 0.456
LDL (mmol/L) 2.33 (1.70–2.79) 2.25 (1.76–2.83) −0.300 0.764

TG (mmol/L) 0.91 (0.78–1.19) 0.97 (0.79–1.27) −0.179 0.858

D-D (mg/L) 0.72 (0.33–1.66) 0.64 (0.28–1.28) −0.815 0.415

Table 5 Pearson Correlation Analysis Between RDW 
and Continuous Numerical Variables

Baseline RDW P value

ΔRDW rate of change 0.589 0.000

Age −0.070 0.316
LVEF −0.008 0.908

NT-proBNP 0.400 0.000

PLT −0.133 0.059
WBC 0.087 0.213

NEUT 0.040 0.569

(Continued)
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Kaplan-Meier analysis of positive and negative RDW changes revealed higher cardiac event incidences during the 
observation period in the group with >0ΔRDWthan in the group with ≤0ΔRDW (Breslow, P<0.001) (Figure 3).

The mean survival time in the group with ≤0 ΔRDWwas 9.981 months (95% confidence interval [CI]: 9.467–10.496), which 
was significantly higher than that in the group with >0 ΔRDW (mean=8.307, 95% CI: 7.297–9.316), as shown in Table 7.

Table 5 (Continued). 

Baseline RDW P value

HB −0.023 0.739

ALT −0.043 0.548
HCT 0.005 0.944

AST −0.033 0.647

BUN 0.237 0.001
Cr 0.129 0.065

HCY 0.108 0.164

K 0.057 0.423
GLU −0.11 0.142

TC 0.061 0.416

TG −0.058 0.441
LDL 0.103 0.169

D-D 0.095 0.198

Table 6 Distribution Table for MACE Events

Heart 
Failure  
Readmission

Acute 
Myocardial  
Infarction

Ischemic  
Stroke

Malignant 
Arrhythmia

Death

ΔRDW≤0 53 0 0 2 1
ΔRDW>0 39 1 1 1 0

Figure 3 Survival analysis Plot for Positive and Negative RDW Changes.
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Multivariate Cox Risk Regression Analysis
Dependent variables were assigned (MACE =1, no MACE =0), covariates were assigned: ΔRDW group (group with >0 
ΔRDW=1, group with ≤0 ΔRDW =0), history of hypertension (yes=1, no=0), history of diabetes (yes=1, no=0), history 
of smoking (yes=1, no=0), history of alcohol consumption (yes=1, no=0), sex (male=1, female=0), age (≥65 years=1, 
<65 years=0), cardiac glycosides (yes=1, no=0), beta drugs (yes=1, no=0), thrombin inhibitors (yes=1, no=0), lipid- 
lowering drugs (yes=1, no=0), antiplatelets (yes=1, no=0), CCB drugs (yes=1, no=0), ACEI drugs (yes=1, no=0), no=0), 
and ARB medications (yes=1, no=0). Continuous numerical variables are not assigned values.

This study performed univariate and multivariate Cox proportional hazards model analyses to investigate the 
relationship between forward ΔRDW and MACEs. Univariate analysis showed a significant association between forward 
ΔRDW levels and cardiac events, with a hazard ratio of 2.061 (95% CI: 1.312–3.253, P<0.05) (Table 8). A multivariate 
model adjusted for possible confounders (ie, smoking, thrombin inhibitors, PLT, RDW, and diabetes) revealed 
a significant association between the forward ΔRDW level and cardiac events, with a hazard ratio of 2.055 (95% CI: 
1.301–3.246, P=0.002). Smokers and patients with diabetes were 1.919 (95% CI: 1.270–2.901, P=0.002) and 1.825 (95% 
CI: 1.136–2.931, P =0.013) times more likely to have a MACE, respectively, and each unit increase in RDW was 
associated with a 22.1% increased risk of a MACE (95% CI: 1.074–1.389, P=0.002), as shown in Table 9.

Table 7 Mean Time to MACE for Positive and Negative RDW Changes

Estimate Criteria Error 95% Confidence Interval

Lower Limit Upper Limit

ΔRDW ≤ 0 9.981 0.263 9.467 10.496

ΔRDW > 0 8.307 0.515 7.297 9.316

Table 8 ΔRDW versus MACE Event Univariate Cox 
Proportional Hazard Regression Model

Variable P value OR (95% CI)

Age 0.506 1.144 (0.770–1.700)

Gender 0.595 1.138 (0.706–1.835)

Smoking 0.002 1.917 (1.262–2.914)
Alcohol consumption 0.388 1.196 (0.797–1.795)

LVEF 0.481 0.987 (0.951–1.024)

NT-proBNP 0.193 1.000 (1.000–1.000)
PLT 0.04 0.995 (0.991–0.998)

WBC 0.479 0.968 (0.885–1.059)

NEUT 0.812 1.003 (0.984–1.021)
HB 0.341 1.006 (0.994–1.018)

RDW 0.009 1.131 (1.079–1.267)

HCT 0.625 2.382 (0.074–77.144)
ALT 0.464 1.000 (0.999–1.000)

AST 0.41 1.000 (0.999–1.000)

BUN 0.697 1.010 (0.961–1.061)
Cr 0.877 1.000 (0.996–1.005)

HCY 0.657 1.003 (0.990–1.016)

K 0.256 0.805 (0.553–1.171)
GLU 0.176 1.064 (0.972–1.164)

TC 0.646 0.957 (0.793–1.155)

LDL 0.694 0.949 (0.731–1.232)
TG 0.623 0.888 (0.553–1.425)

(Continued)
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Discussion
This study revealed several significant findings. First, the risk of cardiac events in patients with HFrEF varies between 
treatment regimens. The sacubitril/valsartan drug regimen is a protective factor for MACEdevelopment, with RDW 
showing a more pronounced decrease in this group. Second, the Kaplan-Meier analysis for the sacubitril-valsartan group 
revealed more frequent cardiac events in the positive ΔRDW group (ΔRDW of >0) compared to the negative ΔRDW 
group (ΔRDW of ≤0). These results suggest that RDWchanges are associated with prognosis in patients with HFrEF 
treated with sacubitril-valsartan drugs.

Ventricular remodeling is involved in the disease progression of HF and is an essential process of its pathological 
changes. Renin, angiotensin, and aldosterone system hyperexcitability is an essential physiological mechanism that leads 
to ventricular structural changes and disease progression.9 At present, angiotensin receptor-neprilysin inhibitor is often 
used as the drug of choice in the clinical treatment of HF. Enkephalinase is a necessary endonuclease to hydrolyze several 
endogenous vasoactive peptides, including vasodilators, such as natriuretic peptide and bradykinin, and vasoconstrictors, 
such as angiotensin.10 The natriuretic peptide level increases correspondingly as neprilysin is inhibited, but the 
degradation of vasoconstrictors, such as angiotensin, simultaneously decreases. Enkephalin inhibitors alone may be 
less effective in treating HF because vasodilation and vasoconstriction are mutually antagonistic. Concomitant use with 
angiotensin antagonists may compensate for the disadvantages of antagonism between relaxation and contraction.11 

Sacubitril and valsartan sodium tablets can selectively act on angiotensin II type 1 receptor (AT1R), thereby blocking 
angiotensin II to achieve the treatment purpose,12 and can inhibit myocardial fibrosis and myocardial hypertrophy, 
thereby improving hemodynamics and cardiac function in patients with cardiomyopathy. It inhibits vascular factors and 
norepinephrine, increases renal blood flow, and reduces aldosterone secretion, thereby lowering blood pressure and 

Table 8 (Continued). 

Variable P value OR (95% CI)

D-D 0.353 0.945 (0.838–1.065)

Cardiac Glycosides 0.779 1.063 (0.694–1.627)
Beta drugs 0.261 1.371 (0.791–2.376)

Thrombin inhibitors 0.018 1.688 (1.093–2.607)

Lipid-lowering agent 0.51 1.173 (0.730–1.885)
Antiplatelet 0.721 1.040 (0.837–1.292)

CCB Drug 0.046 0.240 (0.059–0.974)

ACEI drugs 0.198 1.570 (0.790–3.118)
ARB Drug 0.999 1.000 (0.368–2.722)

Hypertension 0.564 1.171 (0.684–2.006)

Diabetes 0.012 1.789 (1.138–2.812)
ΔRDW > 0 0.031 2.061 (1.312–3.253)

Table 9 ΔRDW versus MACE Event Multivariate Cox Proportional Hazard Regression Model

Variable P value OR (95% CI) P value OR (95% CI) B P value OR (95% CI)

Smoking 0.030 1.611 (1.048–2.478) 0.050 1.822 (1.194–2.781) 0.652 0.002 1.919 (1.270–2.901)

PLT 0.035 0.996 (0.992–1.000) 0.055 0.996 (0.993–1.000)

RDW 0.014 1.176 (1.033–1.339) 0.009 1.190 (1.044–1.356) 0.200 0.002 1.221 (1.074–1.389)
Thrombin inhibitors 0.282 1.278 (0.812–2.039)

CCB 0.053 0.245 (0.059–1.017)

Diabetes 0.040 1.665 (1.025–2.707) 0.017 1.783 (1.109–2.865) 0.602 0.013 1.825 (1.136–2.931)
ΔRDW > 0 0.001 2.268 (1.410–3.649) 0.002 2.086 (1.309–3.324) 0.720 0.002 2.055 (1.301–3.246)
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reducing the burden on the patient’s heart. It can have a long-term stable therapeutic effect and is more suitable for long- 
term application.13

Related studies revealed that sacubitril-valsartan reduces the risk of HF rehospitalization by 21% compared with 
traditional treatment modalities.14 Notably, both groups significantly revealed that older males are at high risk for HF.

RDW independently predicted 1-year mortality in patients with acute and chronic HF.15 This study revealed that each 
unit increase in RDW was associated with a 22.1% (95% CI: 1.074–1.389, P = 0.002) increased risk of a MACE. The 
mechanism of RDW abnormalities in cardiovascular disease is not precisely explained. Chronic inflammation, oxidative 
stress, and neurohormonal activation play an essential role among many potential factors. Previous studies revealed that 
inflammation causes bone marrow suppression, decreases renal erythropoietin synthesis, and triggers apoptosis of 
erythroid precursors in the bone marrow, resulting in differences in RBC volume and size, with increased RDW values 
in laboratory results.16 This study revealed that RDW showed some negative relationship with hemoglobin and a positive 
relationship with NT-proBNP.

The role of RDW in HF continues to be explored, and this observation is based on a single RDW measure; however, 
no studies were reported on the effect of RDW changes before and after HF treatment on assessing the prognosis of 
patients due to the lack of attention and in-depth studies. A new concept, ΔRDW, has recently been proposed to reflect 
dynamic changes in RDW. It can be used either to record the difference between RDW values at baseline and at various 
time points after clinical treatment or to name unit changes in RDW in the study population by the investigator. Turcato 
et al17 revealed that ΔRDW was low and stable in patients who survived within 30 days, and negative changes in RDW 
better reflected the treatment effect. Our study followed the MACE occurrence in patients with HFrEF treated with 
sacubitril/valsartan over 1 year. Kaplan-Meier analysis showed that the increased ΔRDW group was more likely to have 
a significant adverse cardiac event than the decreased ΔRDW group during the observation period. Univariate analysis 
showed a significant association between forward ΔRDW levels and cardiac events with a hazard ratio of 2.061 (95% CI: 
1.312–3.253, P<0.05). A multivariate model adjusted for possible confounders (ie, smoking, thrombin inhibitors, PLT, 
RDW, diabetes) revealed a significant association between the forward ΔRDW level and cardiac events with a hazard 
ratio of 2.055 (95% CI: 1.301–3.246, P=0.002). Deaths occurred in the negative ΔRDW group in this study although they 
had a better prognosis than the positive ΔRDW group. Retrospective data revealed that this case had ΔRDW of −6.0, 
10weeks reexamination period. The time to patient death was 3 months; thus, it was proposed that the incidence of 
cardiac events increased when considerably RDW changed, whether increased or decreased, and further validation was 
required.

Patients in the traditional group had significantly higher blood pressure than those in the sacubitril/valsartan group, 
which was related to the fact that patients also produced some antihypertensive effect during the sacubitril/valsartan 
treatment for HF in this study. The association between hypertension and HF is well-known and left ventricular 
hypertrophy, arteriosclerosis, and renal impairment are all likely to contribute to the development of this syndrome.18 

In terms of treatment, diuretics are often required to control sodium and water retention in HF, making them first-line 
therapy for comorbid hypertension.

Blood pressure control remained significantly lower than expected in patients in the traditional group, and blood 
pressure was not well controlled in more than one-third of patients although three different classes of blood pressure 
lowering drugs, including ARBs or ACEIs, CCBs, and diuretics, were used during treatment. Enkephalin inhibition 
reduced the number of patients with hypertension and blood pressure in patients who still had hypertension in the 
sacubitril/valsartan group. Table 1 shows that sacubitril/valsartan is not used in a large and combined manner in 
antihypertensive drugs because patients have reached their maximum personal tolerance when treated with sacubitril/ 
valsartan, and increasing the dose can cause hypotensive discomfort, affected by blood pressure. Elderly patients are less 
likely to receive target doses or HF drug combinations. A related analysis of the PIONEER-HF trial19 revealed that the 
therapeutic efficacy and safety of sacubitril/valsartan were generally consistent across dose levels. The results broadly 
support the continued use of sacubitril/valsartan at the start of the first admission and after discharge. Additionally, they 
include patients who may not tolerate up-titration to the target dose and maximum dose in the early stages.

Enkephalin inhibition may be an effective and safe antihypertensive therapy in HFrEF and is a valuable supplement to 
antihypertensive treatment for patients.
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The laboratory parameters urea and creatinine slightly increased within the normal range in the sacubitril/valsartan 
group without significantly declining renal function compared with the conventional group, which is particularly 
important in patients simultaneously taking ARBs and MRAs, thereby reducing the risk of renal function decline and 
hyperkalemia.20 Relevant studies have confirmed that sacubitril/valsartan treatment is feasible, safe, and beneficial in 
patients with severe HF receiving hemodialysis.21 Sacubitril-valsartan, in addition to more effective blood pressure 
lowering drugs, reduces the degree of arteriosclerosis and left ventricular mass more than ARBs,22 and switching from 
ACEIs or ARBs to sacubitril/valsartan may provide a new, safe, and valuable method for controlling refractory 
hypertension in patients with HFrEF.

This study revealed that patients with long-standing diabetes and inadequate glycemic control are 1.789 times more 
likely to have cardiac events (95% CI: 1.138–2.812, P=0.012), and the hazard ratio increased to 1.825 (95% CI: 1.136– 
2.931, P=0.013) considering the combined effect of ΔRDW. Therefore, the prevalence of diabetes should also be 
considered when evaluating the prognosis of patients with HFrEF.

HF and type 2 diabetes mellitus (T2DM) frequently co-exist, and T2DM is prevalent in approximately 30–50% of 
patients with HF.23 Glucose and lipid metabolism dysregulation in T2DM triggers oxidative stress, activates various 
inflammatory pathways, and disrupts the normal regulation of cardiomyocyte proliferation and hypertrophy, leading to 
pathological myocardial remodeling, reflected on the one hand by progressive left ventricular dilation, and on the other 
hand, by reduced systolic function. Cardiac remodeling is a crucial mechanism in HF development and progression in 
patients with T2DM and is associated with mortality and HF hospitalization.24

Our findings suggest that reverse cardiac remodeling is similar in patients with HFrEF with or without T2DM 
following sacubitril/valsartan use. This can be explained by several factors. First, the mechanism of action of sacubitril/ 
valsartan sodium tablets is to inhibit neprilysin, which is responsible for various vasoactive peptide degradation.25 Thus, 
sacubitril/valsartan increases vasoactive peptide concentrations, such as glucagon-like peptide 1, which is an integral part 
of insulin sensitivity and metabolism. This contributes to better glycemic control and enhances lipid mobilization from 
adipose tissue, muscle oxidative capacity, and adiponectin release, all of which improve pathological cardiac remodeling 
and play a significant role in delaying diabetic cardiomyopathy progression.26 The PARADIGM-HF study revealed14 that 
sacubitril-valsartan could improve insulin resistance by regulating the endocrine system in patients with diabetes and 
positively affect patients with HF with DM. Second, sacubitril/valsartan increases cyclic guanosine monophosphate 
levels, which is essential to prevent the loss of the protective effect of protein kinase G on cardiomyocyte stiffness and 
hypertrophy.24 Additionally, aldosterone levels may be elevated in T2DM, which inhibits nitric oxide synthase, promotes 
inflammation and fibrosis, and have direct deleterious effects on cardiomyocytes.27

This study revealed that regular sacubitril/valsartan sodium tablet use could effectively improve cardiac function and 
reduce readmission rate in patients with HFrEF and DM compared with traditional treatment regimens, with 98 and 154 
readmissions in the sacubitril/valsartan and traditional groups, respectively.

Epidemiological studies have identified several risk factors associated with the development of cardiac events in HF. Smoking, 
dyslipidemia, etc., have also been implicated as potential factors for the risk of cardiac events, in addition to age and gender.28,29

The human heart has a sustained high energy demand. However, the failing heart does not consistently generate 
sufficient energy requirements. Lipids, among the underlying molecular mechanisms, are critical for cardiac metabolic 
flexibility, and lipotoxic compounds may be critical factors linking metabolic stress to sustained myocardial tissue 
injury.30 Plasma lipidomics profiles reflect alterations in cardiac lipid metabolism predisposing to HFin animal models.31 

Additionally, lipid metabolism disorders are indirectly associated with HF through common comorbidities, including 
coronary artery disease (CAD)32 and T2DM.33 This study revealed no correlation between age, gender, blood lipid levels, 
and cardiac events. The results may be related to the small sample size or deviations caused by the use of drugs and diet 
control in patients during long-term follow-up.

Smoking may be another critical factor independent of traditional risk factors for HF.34 Smoking may have other 
effects that lead to cardiac dysfunction and HFalthough smoking increases the risk of CAD, the leading cause of HF. For 
example, smoking acutely increases systolic and diastolic blood pressure, total systemic vascular resistance, pulmonary 
arterial pressure, and pulmonary vascular resistance, which are known risk factors for HF.35 Additionally, smoking is 
associated with carbon monoxide exposure, which has been reported to increase oxidative stress and lead to impaired 
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mitochondrial function, inflammation, endothelial function, and renal function deterioration, all of which are implicated 
in HF pathophysiology.29 This study revealed that MACE incidence was 1.917 times higher in smokers than in 
nonsmokers (95% CI: 1.262–2.914, P = 0.002) by univariate analysis, and the hazard ratio was 1.919 (95% CI: 
1.270–2.901, P = 0.002) after accounting for RDW, ΔRDW, and diabetes. Therefore, smoking should also be included 
in assessing risk factors for MACEs in patients with HFrEF treated with sacubitril-valsartan.

Limitations
The results showed that RDW changes were significantly correlated with MACEs before and after sacubitril-valsartan 
treatment in patients with HFrEF. The decrease in RDW was a protective factor for MACEs. The specificity of this 
indicator was unsatisfactory although stable changes in RDW were found beneficial to patients and a cut-off value was 
calculated. Additionally, further verification of the validity of this value is needed. Two consecutive laboratory test 
reports should be used in selecting participants because this is a retrospective study. The review time range is defined as 
3–6 months (according to the literature, the red blood cell life span of patients with HF is lower than that of the average 
population); thus, most patients are excluded, resulting in a small sample size. Therefore, we look forward to a more 
extensive study to further verify the relationship between the two and more fully understand the relationship between 
RDW changes and the long-term prognosis and risk stratification of patients with HFrEF.

Conclusions
Sacubitril/valsartan treatment is effective in reducing the risk of MACEs in HFrEF. Additionally, RDW changes are 
predictors of MACEs after sacubitril/valsartan treatment.
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