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Background: Inflammation and cardiac fibrosis are important pathogenic drivers of heart failure. The fibrosis-4 index (FIB-4) is
associated with a higher degree of fibrosis. The systemic immune inflammation index (SII) is associated with a higher degree of
systemic inflammation status. Previous studies have shown that they are associated with a poor prognosis for cardiovascular disease.
We sought to investigate the value of FIB-4 combined with the SII as a novel inflammation-fibrosis combined index (IFCI) in
predicting left ventricular reverse remodeling (LVRR) and prognosis among reduced ejection fraction heart failure (HFrEF) patients.
Methods: A total of 895 patients with HFrEF were continuously recruited. Receiver operating characteristic curves were drawn to
assess the abilities of inflammation-fibrosis indicators to predict LVRR. Multivariable Cox regression analysis was used to examine
independent predictors of composite cardiac events and all-cause death.

Results: After six months of follow-up, 344 (38.4%) patients experienced LVRR. The IFCI had the largest area under the curve (0.835,
P <0.001). In multivariate-adjusted logistic regression analyses, FIB-4, SII, and IFCI were predictive of LVRR (P value < 0.05). The IFCI was
associated with a 3.686-fold higher risk of non-LVRR (odds ratio [OR] = 3.686, P < 0.001). Moreover, an increased IFCI predicted a poor
prognosis in HFTEF patients. The highest risk of composite cardiac events (hazard ratio [HR] =2.716, P <0.001) was observed in the top IFCI-
tertile group, and similar results were found regarding independent risk indicators of all-cause death.

Conclusion: In summary, this study indicated that increased IFCI at admission offers good predictability regarding non-LVRR and
predicts the risk of all-cause mortality or composite cardiovascular events due to HFrEF patients and could be used as a novel marker.
Keywords: heart failure, left ventricular reverse remodeling, inflammation-fibrosis combined index, fibrosis-4 index, systemic
immune inflammation index, prognosis

Introduction

Heart failure (HF) is a shared serious or terminal phase in the progression of various cardiovascular diseases (CVDs) and
major causes of death.'? Mild dysfunction progresses to reduced ejection fraction HF (HFrEF, left ventricular ejection
fraction (LVEF) < 40%) because of progressive structural remodeling.** With significant advances in medical treatment,
the beneficial effects of optimal medical therapy based on guideline-directed (GDMT) and/or device therapy promote left
ventricular reverse remodeling (LVRR) and reduce the rate of readmission of HF patients, all-cause mortality, and sudden
cardiac death.>® Therefore, in HFTEF patients, it is essential to predict LVRR and distinguish prognosis, thereby helping
clinicians identify high-risk patients early.”® LVRR was defined as a LVEF increase of > 10% or a LVEF > 50% and
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a decrease in indexed left ventricular end-diastolic diameter (LVEDDI) of > 10% or LVEDDi of < 33 mm/m? at least 6
months after the initial increase.”'”

HF resulting from complex and multifactorial factors, including inflammation and cardiac fibrosis, is an important
pathogenic driver, eventually leading to cardiac dysfunction and patient death.!' In patients with HFrEF, inflammation and
cardiac fibrosis have been associated with a higher risk of cardiovascular events and are proposed to hinder LVRR, thereby
conferring persistent vulnerability to hospitalization for heart failure and mortality in patients.'> The systemic immune
inflammation index (SII) is an innovative biomarker and is an excellent indicator of the local immune response and systemic
inflammation that combines information regarding three significant immune cells represented by neutrophils, lymphocytes,
and platelets, defined as platelet x neutrophil/lymphocyte.'® SII has been shown to be associated with a poor prognosis of
cardiovascular disease and to be a better representation of the systemic inflammation status with greater stability.'*'> In
critical patients with congestive HF, the SII is positively correlated with short-term mortality, in-hospital mortality, and a poor
prognosis.'®!'” However, the SII has not been evaluated as a prognostic indicator of LVRR in patients with HFrEF.

The fibrosis-4 index (FIB-4) is a noninvasive, simple, and economical marker to evaluate liver fibrosis and the stage of
hepatic disease and is easy to obtain, calculated by age (years) x aspartate transaminase (U/L)/(platelet count (10°/L) x alanine

transaminase (U/L)"?).!8

The FIB-4 has been reported to predict mortality and HF readmission rates in patients with acute HF,
which is positively correlated with poor prognosis.'” In patients with HF with preserved ejection fraction, increased FIB-4
values are also an important predictor of cardiovascular events.° It was found that FIB-4 was independently associated with
both cardiac and noncardiac death after stratification of patients with HF according to LVEF value.*' There is no large sample
study evaluating the diagnostic and prognostic value of FIB-4 for LVRR in patients with HFrEF.

The level of systemic inflammation affects the level of myocardial fibrosis, and a high level of inflammation means
a high level of fibrosis, which in turn increases the risk of death during various diseases, including HFrEF.'>** We
integrated FIB4 and SII, two types of hematology indicators, as a novel inflammation-fibrosis combined index (IFCI),
which is composed of the fibrosis index and systemic inflammation level. It is better to combine fibrosis and inflamma-
tion indicators since both inflammation and fibrosis may be related to the disease status and prognosis in HFrEF patients.
Until now, the predictive effect of IFCI on LVRR has never been investigated in patients with HFrEF. Therefore, we
designed this study to determine whether IFCI could provide a new leverage to personalize the risk of LVRR and
prognosis. Targeted IFCI screening of individuals with HFfEF may pave the way for future personalized preventive
treatment. In view of this, the present study attempted to elucidate: first, whether FIB-4, SII and the IFCI predict LVRR
after 6 months in patients with HFrEF; second, whether these indices predict subsequent prognosis.

Methods

This study protocol was approved by the Medical Ethics Committee of the First Affiliated Hospital of Xinjiang Medical
University (Approval ID: 20170605-05) and conformed to the principles and guidelines of the Declaration of Helsinki.
This study was registered in the Chinese Clinical Registry Center (registration no. ChiCTR1900021055).

Study Population
In this retrospective cohort study, patients were consecutively enrolled from January 2017 to January 2021, and 2,436
consecutive patients were diagnosed with LVEF of <40% (HFrEF) at the Xinjiang Medical University First Affiliated Hospital.
The inclusion criteria were hospital admission for those who were first diagnosed prior to enrollment, LVEF < 40%,
New York Heart Association (NYHA) class II-TV heart failure, and optimal medical therapy based on guidelines (GDMT).'
The exclusion criteria were severe renal and hepatic insufficiency defined as serum creatinine > 221 umol/L, Child—
Pugh Class C, inoperable aortic valvular heart disease, life expectancy <1 year due to causes other than HF such as
advanced cancer, cardiac transplantation or revascularization indicated or expected within 6 months, severe obstructive or
restrictive pulmonary disease, coronary revascularization (PCI or CABG) within the previous 3 months, immune system
disease and acute, chronic infection diseases.”* Patients suffering from cardiomyopathy with possible spontaneous
LVRR, such as patients suffering from tachycardia-induced cardiomyopathy, perinatal cardiomyopathy, myocarditis,
and alcoholic dilated cardiomyopathy, were excluded.”> In the present study, we finally enrolled 895 patients. The
detailed recruitment protocol is shown in Figure 1.
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2,436 patients with HFrEF at the First Affiliated Hospital of
Xinjiang Medical University from 2017 to 2021
I Optimal medical therapy was not
| performed (n = 862)
1,574 consecutive patients performed GDMT

Exclusion criteria:

Inoperable aortic valvular heart disease (n = 15)

Life expectancy <1 year (n=31)

Severe obstructive or restrictive pulmonary disease (n = 8)
Cardiomyopathy with possible spontaneous LVRR (n = 85)
Immune system disease and infections diseases (n = 52)
Renal or hepatic insufficiency (n = 32)

Previous 3 months CABG or PCI (n = 55)

Lost to follow-up (n =275)

Missing important data (n = 126)

895 were consecutively included in this study

Figure | Flow chart of patient enrollment.

Clinical and Echocardiographic Variables

Baseline demographic, clinical, laboratory, and echocardiographic variables were evaluated. Clinical characteristics
comprised type of HF, relevant medical history, comorbidities, and HF medication. Echocardiography was performed
by a senior echocardiographer at admission and during the follow-up period and calculated according to established
American Society of Echocardiography protocols.*®

The indices used in this study are described as follows:

FIB — 4 = age(years) x aspartate transaminase(U/L)/ (platelet count(10°/L )x alanine transaminase(U/ L)Y 2) 27

SII = platelet x neutrophil /lymphocyte.*®
IFCI = —7.6229 + 0.5035 x FIB — 4 + 2.5863 * SII was calculated based on the multivariate logistic regression model.

Study Outcomes and Endpoints

LVRR was defined as LVEF > 50% or a > 10% increase and LVEDDI [LVEDD/(body surface area)] < 33 mm/m? or a >
10% decrease from baseline.*** The primary endpoints were composite cardiac events, including cardiac death, heart
transplantation, hospitalization due to worsening heart failure, and lethal arrhythmia (hospitalization for sustained
ventricular tachycardia or ventricular fibrillation). The secondary endpoint was all-cause mortality.

Statistical Analysis

The normality test was checked using the Shapiro—Wilk test for the continuous variables.Continuous variables were presented
as mean * standard deviations (SD) in cases of meeting the normality distribution or as median (quartiles Q1-Q3) in cases of
not meeting the normality distribution. The parametric Student’s ¢-test and the non-parametric Mann—Whitney U-test were
performed to compare the differences between the two groups. Classified data are presented as proportions and were evaluated
by the chi-square test. The levels of biomarkers such as FIB-4, SII, IFCI and NT-pro-BNP and serum creatine were logl0
transformed.

Receiver operating characteristic (ROC) curves were constructed, and the areas under the curves (AUC) were
measured to estimate the ability of the FIB-4, SII and IFCI to predict LVRR. Combined ROC analysis based on the
multivariate logistic regression model was conducted for the IFCI. Moreover, the comparisons of AUC values were
performed using the DeLong test. To test whether IFCI improved LVRR prediction of the other clinical parameters, we
used the continuous net reclassification index (NRI) and the integrated discrimination improvement (IDI).

Logistic regression analyses were performed to find the relationship between LVRR and FIB-4, SII and IFCI.
Potential nonlinear associations between the levels of IFCI and the incidence of LVRR were examined with restricted
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cubic splines. Then, the IFCI was categorized into three groups according to the tertile points. The comparison of
measurement data among tertiles of IFCI groups was based on one-way ANOVA.

Kaplan—Meier analysis was used to compare the probability of composite cardiac events and all-cause mortality with
HFrEF patients. Univariate and multivariable Cox regressions were used to analyze factors related to composite cardiac
events and all-cause death. To avoid model overfitting, only parameters significantly associated with outcome in the
univariate analyses were included in the multivariate Cox regression model performed using step-down procedures.

All statistical analyses were performed using SPSS version 26.0 (SPSS Inc., Chicago, IL, USA) and R software
(version 4.0.1). A P value < 0.05 was considered statistically significant.

Results

Comparison of Baseline Characteristics

A total of 895 patients were divided into 2 groups according to whether they had LVRR. By 6 months of GDMT
treatment, 344 (38.4%) patients were experiencing LVRR. An ischemic etiology of HF was present in 356 (39.8%)
patients, and more ischemic cases were present in the non-LVRR group (48.6% vs 25.6%). Compared to non-LVRR
patients, the prevalence rates of hypertension, coronary heart disease and diabetes mellitus were significantly higher in
LVRR patients with heart failure (P <0.05). Baseline laboratory results, including FIB-4 (2.30 [1.58, 6.41] vs 1.16 [0.62,
1.82], P<0.001), SII (678.71 [440.14, 985.33] vs 395.98 [216.05, 604.76], P<0.001) and NT-pro BNP (3320.00
[744.00, 5650.00] vs 813.00 [226.50, 3642.50], P<0.001), were higher in non-LVRR patients than in LVRR patients.
The available echocardiographic data at baseline and at the 6-month follow-up are included in Table 1. Compared to
LVRR, the mean LVEDDi at baseline was 36.11 + 5.43 mm/m? (35.54 + 5.37 vs 36.49 + 5.45 mm/m?, P = 0.038), with
a mean LVEF of 34.44 + 5.05% (33.66 + 4.65 vs 34.93 £ 5.24, P = 0.001).

Table | Baseline Characteristics of the Study Population

All Patients (n = 895) LVRR (n = 344) Non-LVRR (n = 551) P-value

Age (years) 61.25 + 12.12 61.41 + 12.02 6l1.14 £ 12.19 0.749
Men, n (%) 699 (78.1) 255 (74.1) 444 (80.6) 0.023
Type of Heart Failure

DCM 466 (52.1) 214 (62.2) 252 (45.7) <0.001

Ischemic 356 (39.8) 88 (25.6) 268 (48.6)

Hypertensive 43 (4.8) 29 (8.4) 14 (2.5)

Others 30 (3.4) 13 (3.8) 17 (3.1)
Symptom duration (months) 17.02 + 11.34 15.74 + 12.02 17.82 + 10.82 0.007
NYHA [lI-IV, n (%) 699 (78.1) 254 (73.8) 445 (80.8) 0.015
Baseline vital signs

Systolic blood pressure, mmHg 117.14 £ 19.02 118.81 + 20.60 116.09 + 17.91 0.037

Diastolic blood pressure, mm Hg 71.39 £ 13.70 73.01 = 14.00 70.37 + 13.43 0.005

Heart rate, beats/min 81.00 + 18.18 83.07 £ 19.13 79.70 + 17.45 0.007
Medical history, n (%)

Hypertension 503 (56.2) 209 (60.8) 294 (53.4) 0.03

Coronary heart disease 404 (45.3) 109 31.9) 295 (53.6) <0.001

Myocardial infarction 86 (9.6) 20 (5.8) 66 (12.0) 0.002

Diabetes mellitus 297 (33.2) 80 (23.3) 217 (39.4) <0.001

Atrial fibrillation 219 (24.5) 74 (21.5) 145(26.3) 0.104

CLBBB 457 (51.1) 192 (55.8) 265 (48.1) 0.015

(Continued)
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Table | (Continued).
All Patients (n = 895) LVRR (n = 344) Non-LVRR (n = 551) P-value
Baseline Echocardiography parameters
LVEF (%) 3444 + 5.05 33.66 + 4.65 3493 £ 5.24 0.001
LVEDD (mm) 68.43 + 8.46 67.49 + 6.27 69.01 +9.53 0.009
LVEDDI (mm/m?) 36.11 £543 35.54 + 5.37 36.49 + 545 0.038
LVESD (mm) 56.72 + 8.42 55.64 + 6.45 57.40 + 9.38 0.002
6-month follow-up Echocardiography parameters
LVEF (%) 38.94 +7.82 44.61 + 8.09 35.37 £ 5.07 <0.001
LVEDD (mm) 65.52 + 9.20 60.46 + 6.92 68.70 + 9.04 <0.001
LVEDDI (mm/m?) 3472 + 598 31.41+ 5.01 36.92+5.55 <0.001
LVESD (mm) 53.30 £ 9.38 4784 +7.73 56.72 + 8.68 <0.001
Baseline GDMT use, n (%)
ARNI 613 (68.5) 252 (73.3) 361 (65.5) 0.015
ACEI/ARB 282 (31.5) 92 (26.7) 190 (34.5) 0.015
B-Blocker 895 (100) 344 (100) 551 (100) >0.999
MRA 896 (100) 344 (100) 551 (100) >0.999
Diuretic 527 (58.9) 179 (52.0) 348 (63.2) 0.001
CRT-P/D 383 (42.8) 170 (49.4) 213 (38.7) 0.002
ICD/SICD 270 (30.2) 100 (29.1) 170 (30.9) 0.572
Baseline laboratory results
Neutrophil, 10°/L 5.194 + 1.699 4953 + 1.619 5.337 + 1.730 <0.001
Lymphocyte, 10%/L 1.896 + 0.769 1.915 £ 0.810 1.885 + 0.746 0.295
Platelet, 107/L 221.880 + 80.796 222.080 + 79.418 221.760 + 81.674 0.478
Aspartate transaminase (U/L) 34.213 £ 17.557 31.590 £ 17.692 35.798 £ 17.298 <0.001
Alanine transaminase (U/L) 30.380 £ 22.139 33.392 £ 25.408 28.587 + 19.748 0.003
SIl (median [IQR]) 534.10 [370.23, 813.22] 395.98 [216.05, 604.76] 678.71 [440.14, 985.33] <0.001
FIB-4 (median [IQR]) 1.76 [1.19, 3.45] 1.16 [0.62, 1.82] 2.30 [1.58, 6.41] <0.001
CRP, mg/L (median [IQR]) 11.10 [6.90, 24.30] 7.40 [6.50, 17.12] 12.10 [7.10, 25.20] <0.001
IL-6, pg/L (median [IQR]) 7.59 [4.23, 15.69] 5.57 [2.14, 9.10] 9.37 [5.04, 19.33] <0.001
eGFR, mL/min/1.73 m? 79.37 + 19.34 80.55 + 17.79 78.66 + 20.22 0.164
NT-pro BNP, pg/mL (median [IQR]) 2000.00 [509.00, 5603.00] | 813.00 [226.50, 3642.50] | 3320.00 [744.00, 5650.00] | <0.00l
cTnl, ug/L 0.05 (0.02, 0.14) 0.07 (0.02, 0.15) 0.04 (0.02, 0.14) 0.022

Notes: Values are presented as mean * SD, median (interquartile range), or n (%).
Abbreviations: LVRR, left ventricular reverse remodelling. DCM, dilated cardiomyopathy; NYHA, New York Heart Association; LVEDD, left ventricular end diastolic
diameter, LVEDDI, indexed left ventricular end-diastolic dimension; LVESD, left ventricular end systolic diameter; LVEF, left ventricular ejection fraction; NT-proBNP,
N-terminal prohormone of brain natriuretic peptide, ACEI, angiotensin-converting enzyme inhibitors; ARNI, angiotensin receptor-neprilysin inhibitor; ARB, angiotensin
receptor blocker; MRA, mineralocorticoid receptor antagonist; CRT, cardiac resynchronization therapy; ICD, internal cardioverter defibrillator; CRP, C-reactive protein;
eGFR, estimated glomerular filtration rate; SlI, Systemic immune inflammation index; FIB-4, fibrosis-4 index; GDMT, guideline-directed medical therapy.

The FIB-4, Sl and IFC| Were Able to Predict LVRR

The performance of the predictive indicators is shown in Table 2. According to the results obtained for ROC analysis
(Figure 2), the AUCs for FIB4, SII, NT-pro BNP and IFCI were 0.794 (95% CI: 0.764-0.824), 0.750 (95% CI: 0.718-
0.782), 0.658 (95% CI: 0.621-0.695) and 0.835 (95% CI: 0.809—0.860), respectively. The IFCI exhibited the largest AUC
of all the scores (both P values < 0.01). After the DeLong test, the predictive ability of the IFCI was confirmed as being
significantly higher than that of the other indicators, FIB4, SII and NT-pro BNP (Z value = 3.474, 7.715 and 7.597,
respectively). The AIC decreased in IFCI to FIB-4, SII and NT-proBNP (IFCI: 8§74.69 vs FIB4: 985.14 vs SI1:1016.56 vs
1155.88), which showed that IFCI improved the calibration of the predictive LVRR. Moreover, compared with NT-proBNP,
the IFCI, FIB4 and SII have better predictive ability (IDI = 0.265, 0.151 and 0.121, both P values < 0.01; NRI = 0.864,
0.653, and 0.456, both P values < 0.01).
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Table 2 The Predicting Ability of FIB-4, SIl and IFCI with the LVRR

NT-proBNP IFCI FIB4 Sl
Cut-off value 1210.2 47.94 1.308 437.22
AIC 1155.88 874.69 985.14 1016.56
AUC 0.658(0.621-0.695) | 0.836(0.810-0.862) | 0.794(0.764-0.824) | 0.750(0.718-0.782)
Sensitivity 0.662 0.684 0.874 0.791
Specificity 0.581 0.843 0.558 0.581
NRI Ref. 0.864(0.746-0.9829) | 0.653(0.534-0.772) | 0.456(0.328-0.584)
IDI Ref. 0.265(0.234-0.295) | 0.151(0.127-0.176) | 0.121(0.096-0.148)

Abbreviations: NT-proBNP, N-terminal prohormone of brain natriuretic peptide. Sll, Systemic immune inflammation
index; FIB-4, fibrosis-4 index; IFCI: inflammation-fibrosis combined index; AIC, Akaike information criteria; IDI, integrated
discrimination improvement; NRI, net reclassification improvement; AUC, area under curves.

Elevated FIB-4, Sll and IFCI are Independent Risk Indicators for Non-LVRR

After adjusting for several potential risk indicators, such as type of heart failure, symptom duration, medical history, and
baseline GDMT treatment, the SII (adjusted OR=1.003, 95% CI 1.002—-1.004, P < 0.001), FIB-4 (adjusted OR = 1.778,
95% CI 1.567-2.018, P < 0.001), IFCI (adjusted OR = 3.686, 95% CI 2.937-4.627, P < 0.001), and log-NT-pro BNP
(adjusted OR = 2.468, 95% CI 1.957-3.113, P < 0.001) remained independent risk indicators in the non-LVRR group
(Table 3).

To characterize the relationship between IFCI and the odds ratio for LVRR at the 6-month follow-up, a spline curve
was fitted in adjustment for a potential confounder model, which demonstrated there is significant relationship between
IFCI levels and LVRR and had linear association (Figure 3). The study population was stratified according to IFCI
tertiles: the baseline tertiles of the IFCI (group 1: <37.94, group 2: 37.94-59.03, group 3: >59.03). All participants were
categorized into 3 groups. The clinical characteristics of the 3 groups are shown in Table 4. Patients in the top IFCI
tertiles group had higher levels of age, symptom duration of HF, medical history of coronary heart disease, LVEDD,
LVEDDi, LVESD and NT-pro BNP and lower levels of LVEF; moreover, this group exhibited the highest incidence of

Sensitivity (TPR)

, IFCI (AUC = 0.836)
, — BNP (AUC = 0.658)
, — FIB4 (AUC = 0.794)

= SII (AUC = 0.750)
0.0 T T

0.0 0.2 0.4 0.6 0.8 1.0
1-Specificity (FPR)

Figure 2 Receiver operating characteristic curves for FIB-4, SIl, NT-proBNP and IFCI in predicting the incidence of LVRR.
Abbreviations: AUC, area under the curve. FPR: False positive rate; TPR, True positive rate; LVRR, left ventricular reverse remodeling; NT-proBNP, N-terminal
prohormone of brain natriuretic peptide; SlI, Systemic immune inflammation index; FIB-4, fibrosis-4 index.

3972 s Journal of Inflammation Research 2024:17

Dove!


https://www.dovepress.com
https://www.dovepress.com

Dove Shi et al

Table 3 Elevated Value of FIB-4, Sl and IFCI are Independent Risk Factors of Non-LVRR

Characteristic Univariable Analysis- Model A Muiltivariable Analysis-Model B Multivariable Analysis-Model C Muiltivariable Analysis-Model D
OR (95% CI) P-value | Adjusted OR (95% CI) | P-value | Adjusted OR (95% CI) | P-value | Adjusted OR (95% Cl) | P-value

Log-NT-pro BNP 2.378 (1.924-2.939) <0.001 2.373 (1.918-2.937) <0.001 2.343 (1.870-2.936) <0.001 2.468 (1.957-3.113) <0.001
NIl 1.003 (1.002-1.004) <0.001 1.003 (1.002-1.004) <0.001 1.003 (1.002-1.004) <0.001 1.003 (1.002-1.004) <0.001
FIB-4 1.846 (1.625-2.096) <0.001 1.841 (1.620-2.092) <0.001 1.785 (1.573-2.025) <0.001 1.778 (1.567-2.018) <0.001
IFCI 1.070 (1.059-1.081) <0.001 1.070 (1.058-1.082)) <0.001 1.070 (1.059-1.083) <0.001 1.073(1.061-1.085) <0.001
IFCI tertiles

Group | Ref. Ref. Ref. Ref.

Group 2 4.228 (2.999-5.959) <0.001 4.310 (3.026-6.141) <0.001 4.407 (3.102-6.262) <0.001 4.682 (3.251-6.741) <0.001

Group 3 27.689 (17.027-45.028) <0.001 28290 (17.143-46.687) <0.001 29.239 (17.788-46.062) <0.001 30.792 (18.346-51.356) <0.001

Notes: Model A: Unadjusted OR. Model B: adjusted for sex, Type of Heart Failure, Symptom duration. Model C: adjusted for sex, Type of Heart Failure, Symptom duration,
History of hypertension, Coronary heart disease, Atrial fibrillation. Model D: adjusted for sex, Type of Heart Failure, Symptom duration, History of hypertension, Coronary
heart disease, Atrial fibrillation, ARNI, Diuretic.

Abbreviations: OR, odds ratio; Cl, confidence interval. NT-proBNP, N-terminal prohormone of brain natriuretic peptide; ARNI, angiotensin receptor-neprilysin inhibitors;
SlI, Systemic immune inflammation index; FIB-4, fibrosis-4 index; IFCI, inflammation-fibrosis combined index.

composite cardiac events and mortality (all P values <0.05). Making the IFCI a categorical variable (tertiles analysis),
compared to the lower tertiles, the top tertile group exhibited the highest OR of incident non-LVRR [30.792 (18.346—
51.356), P < 0.001] after adjusting for potential risk indicators.

Increased IFCI Predicts Poor Prognosis in HFrEF Patients

During a median of 17 (Q1:9 ~ Q3:29) months of follow-up, 331 (37.0%) patients had composite cardiac events, and 160
(17.9%) died from any cause. By applying a cubic spline curve, we attempted to explore a potential association between
poor prognosis and IFCI. After conducting significance testing, it was determined that there is significant relationship
between the IFCI levels and poor prognosis, including composite cardiac events and all-cause death. In addition, it was
found that poor prognosis had a nonlinear association with IFCI levels. The Figure 4 illustrates the specific results.

P-overall <0.001

P-non-lincar = 0.093

Odds Ratio(95%CI)

10 80 120

IFCI

Figure 3 Spline curve plotting baseline IFCI against the odds ratio o of non-LVRR.
Abbreviation: IFCI, inflammation-fibrosis combined index.
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Table 4 Baseline Characteristics of Study Population According to Tertiles of Inflammation-Fibrosis
Combined Index

Variable IFCI
Group | Group 2 Group 3 P-value

Age (years) 5882+ 1158 | 63.849 + 11.36 | 61.05+ 12.89 | <0.00I
Men, n (%) 219 (73.72) 247 (82.3) 233 (78.2) 0.040
Type of Heart Failure, n (%)

DCM 212 (71.4) 138 (46.0) 116 (38.9) <0.001

Ischemic 57 (19.2) 139 (46.3) 160 (53.7)

Hypertensive 18 (6.1) 17 (5.7) 8 (2.7)

Others 10 (3.4) 6 (2.7) 14 (4.7)
Symptom duration (months) 16.34 £ |1.4] 16.35 £ 10.19 18.36 £ 12.23 0.043
NYHA IV, n (%) 225 (75.5) 228 (76.5) 246 (82.3) 0.097
LVRR, n (%) 210 (70.7) 110 (36.7) 24 (8.1) <0.001
Baseline vital signs

Systolic blood pressure, mmHg 11880 +21.46 | I15.61 £17.73 | 11699 £ 1757 | 0.118

Diastolic blood pressure, mmHg 73.08 £ 1458 | 70.49 + 13.10 | 70.60 + 13.28 | 0.034

Heart rate, beats/min 81.53 £ 1892 | 80.05 + 17.31 81.00 + 18.18 | 0.541
Medical history, n (%)

Hypertension 188 (63.3) 167 (55.7) 148 (49.7) 0.004

Coronary heart disease 59 (20.0) 167 (55.7) 182 (61.3) <0.001

Myocardial infarction 16 (5.4) 24 (8.0) 46 (15.4) <0.001

Diabetes mellitus 36 (12.1) 127 (42.3) 133 (44.6) <0.001

Atrial fibrillation 68 (22.9) 83 (27.7) 68 (22.8) 0.287

CLBBB 165 (55.6) 153 (51.0) 139 (46.6) 0.079
Baseline Echocardiography parameters

LVEF (%) 3424 £ 455 34.89 £ 472 3433 £ 575 0.232

LVEDD (mm) 6745 £7.10 68.10 £ 7.82 69.72 £ 10.03 | 0.047

LVEDDi (mm/m?) 35.07 £ 5.31 36.63 £ 522 36.70 £ 5.63 0.003

LVESD (mm) 55.75 £ 7.04 56.22 +7.68 5820 + 104 0.027
6-month follow-up Echocardiography parameters

LVEF (%) 40.86 + 8.64 38.54 + 6.87 36.19 + 6.67 <0.001

LVEDD (mm) 62.86 + 8.08 65.81 £ 873 68.42 + 9.87 <0.001

LVEDDi (mm/m?) 33.06 * 5.50 35.64 + 5.89 36.75+ 6.00 <0.001

LVESD (mm) 50.36 + 8.87 53.20 £ 851 56.34 £ 9.76 <0.001
Baseline GDMT use, n (%)

ARNI 196 (66.0) 210 (70.0) 207 (69.5) 0.521

ACEI/ARB 101 (34.0) 90 (30.0) 91 (30.5) 0.521

B-Blocker 296 (99.7) 298 (99.3) 291 (97.7) 0.050

MRA 294 (99.0) 297 (99.0) 293 (98.3) 0.690

Diuretic 164 (55.2) 174 (58.0) 189 (63.4) 0.118

CRT-P/D 160 (53.9) 133 (44.3) 90 (30.2) <0.001

ICD/SICD 88 (32.6) 79 (26.3) 103 (34.6) 0.088

(Continued)
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Table 4 (Continued).

Variable IFCI
Group | Group 2 Group 3 P-value
Baseline laboratory results
Log-SlI 249 £ 0.23 271 £0.17 2.98 £ 0.25 <0.001
FIB-4 1.10 £ 0.64 1.92 + 0.83 6.13 £ 3.64 <0.001
eGFR, mL/min/1.73 m? 80.08 £ 1820 | 79.92 + 1884 | 78.12 + 2091 0.906
Log-NT-pro BNP 295+ 0.71 3.23 £ 0.66 337 £ 0.6l <0.001
CRP, mg/L 13.59 + 12.89 17.12 £ 1520 | 20.64 + 16.27 | <0.001
IL-6, pg/L 842 + 051 11.02 + 0.55 14.77 + 0.63 <0.001
Endpoints
Composite cardiac events 71 (23.9) 117 (39.0) 143 (48.1) <0.001
All-cause mortality 36 (12.1) 51 (17.0) 73 (24.5) <0.001

Note: Values are presented as mean * SD or n (%).

Abbreviations: LVRR, left ventricular reverse remodelling. DCM, dilated cardiomyopathy; NYHA, New York Heart Association; LVEDD,
left ventricular end diastolic diameter; LVEDDI, indexed left ventricular end-diastolic dimension; LVESD, left ventricular end systolic
diameter; LVEF, left ventricular ejection fraction; NT-pro BNP, N-terminal prohormone of brain natriuretic peptide; ACEI, angiotensin-
converting enzyme inhibitor; ARNI, angiotensin receptor-neprilysin inhibitors; ARB, angiotensin receptor blocker; MRA, mineralocorticoid
receptor antagonist; CRT, cardiac resynchronization therapy; ICD, internal cardioverter defibrillator; eGFR, estimated glomerular filtration

rate; Sll, Systemic immune inflammation index; FIB-4, fibrosis-4 index; GDMT, guideline-directed medical therapy.

Patients in the top tertiles of the IFCI had a significantly increased risk of composite cardiac events compared with
other groups, as demonstrated in Figure 5 (log-rank ¥2 = 35.507, P <0.001) and an increased risk of all-cause mortality

(log-rank ¥2 = 17.148, P <0.001).

After adjusting for several potential risk indicators, such as type of heart failure, symptom duration, medical history,
and baseline GDMT treatment, the values of SII (adjusted HR=2.212, 95% CI 1.520-3.218, P < 0.001), FIB-4 (adjusted
HR =1.052, 95% CI 1.019-1.086, P = 0.002), IFCI (adjusted HR = 1.007, 95% CI 1.004-1.010, P < 0.001), and NT-pro
BNP (adjusted HR = 1.270, 95% CI 1.080-1.492, P = 0.004) remained independent risk indicators of composite cardiac

A

P-overall <0.001
P-non-lincar = 0.001

Composite cardiac events—Hazard Ratio(95%CI)

All-cause death —Hazard Ratio(95%CI)

P-overall <0.001
P-non-lincar = 0.001

10 80

IFCI

10

)

IFCI

Figure 4 Spline curve plotting baseline IFCI against the Hazard ratio odds ratio of poor prognosis, including composite cardiac events (A) and all-cause death (B).

Abbreviation: IFCI, inflammation-fibrosis combined index.
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Figure 5 Kaplan—Meier curves. Probability of a composite endpoint(A) and all causes of death (B) in the IFCI tertile groups.

events. When the IFCI was made a categorical variable (tertiles analysis), compared to the first tertiles, the top tertile
group exhibited the highest HR of incident composite cardiac events [2.716 (1.777-4.151), P < 0.001] after adjusting for
potential risk indicators, and similar results were seen regarding the independent risk indicators of all-cause death
(Table 5).

The performance of predicting 1-year prognostic ability, including composite cardiac events and all-cause death, of
NT-pro BNP, IFCI, FIB4 and SII is shown in Figure 6. According to the results obtained for the time-dependent ROC
curves, the IFCI exhibited the largest AUC of all the scores (both P values < 0.01). The AIC decreased in IFCI to FIB-4,
SII and NT-proBNP, which showed that IFCI improved the calibration of the 1-year prognosis, including composite
cardiac events and all-cause death. Moreover, compared with NT-proBNP, the IFCI has better predictive ability for the
1-year prognosis of the 1-year prognosis, including composite cardiac events and all-cause death. Compared with NT-pro
BNP, the predictive ability of FIB4 and SII was not significantly different (Table 6).

Table 5 Elevated Value of Inflammation-Fibrosis Combined Index are Independent Risk Factors of Poor Prognosis in HFrEF Patients

Characteristic Composite endpoint All Cause Death
Univariable Analysis Multivariable Analysis Univariable Analysis Multivariable Analysis
HR (95% CI) P Adjust HR (95% CI) P HR (95% CI) P Adjust HR (95% CI) P

Log-SlI 2.215 (1.544 - 3.177) | <0.001 2.212 (1.520 - 3.218) <0.001 | 2.658 (1.581 —4.467) | <0.001 2914 (1.663 — 5.107) <0.001
FIB—4 1.048 (1.017 — 1.080) 0.002 1.052 (1.019 — 1.086) 0.002 1.046 (1.002 - 1.092) 0.042 1.054 (1.007 — 1.104) 0.025
IFCI 1.007 (1.004 — 1.010) | <0.00l 1.007(1.004 — 1.010) <0.001 1.006 (1.002 — 1.011) 0.003 1.008 (1.003 — 1.012) <0.001
Log-NT—pro BNP | 1.326 (1.132 - 1.552) | <0.00l 1.270 (1.080 — 1.492) 0.004 1.433 (1.134 - 1.810) 0.003 1.354 (1.066 — 1.720) 0.013
IFCI tertiles

Group | Ref. Ref. Ref. Ref.

Group 2 1.974 (1.470 - 2.652) | <0.001 2.070 (1.520 — 2.819) <0.001 1.644 (1.072 - 2.520) 0.023 1.908 (1.223 — 2.976¢) 0.004

Group 3 2.263 (1.702 — 3.008) | <0.001 2.388 (1.761 — 3.226) <0.001 | 2.265 (1.519 —3.37¢) | <0.001 2.716 (1.777 — 4.151) <0.001

Notes: Adjusted for sex, Type of Heart Failure, Symptom duration, History of hypertension, Coronary heart disease, Diabetes mellitus, Atrial fibrillation, CRT D/P, ARNI, Diuretic.
Abbreviations: HR, Hazard Ratio; Cl, confidence interval; NT-proBNP, N-terminal prohormone of brain natriuretic peptide; CRT, cardiac resynchronization therapy; ICD,

internal cardioverter defibrillator; ARNI, angiotensin receptor-neprilysin inhibitors; S, Systemic immune inflammation index; FIB-4, fibrosis-4 index; IFCI, inflammation-
fibrosis combined index.
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100 100 — group 1

Log-rank = 35.507
P<0.0001 }

Log-rank = 17.148 — group2
P<0.0001 = group 3

Probability of all cause death

Probability of composite cardiac events

Follow-up time (months) Follow-up time (months)

Figure 6 Time-dependent ROC curves for FIB-4, Sll, NT-proBNP and IFCI in predicting the incidence of a composite endpoint (A) and all causes of death (B) in | year.

Discussion

To our knowledge, this is the first study to demonstrate that (1) the FIB-4, SII and IFCI at admission provided good
predictability of LVRR after 6 months of GDMT treatment. (2) Lower levels of FIB-4, SII and IFCI were also identified
as reduced independent risk indicators for non-LVRR, all-cause death and composite cardiac events. In addition, the IFCI
was the strongest predictor of non-LVRR, and an increased IFCI predicted poor prognosis. Furthermore, this study is the
first to report the association between the IFCI and LVRR in patients with HFrEF.

In general, LVRR involves restoring chamber geometry and improving chamber contractility, as well as beneficial
changes in molecular, metabolic, and extracellular matrix. Increased inflammation has been proposed as a predictor of
impaired LVRR because the activation of inflammatory cells and responses results in the secretion of proinflammatory
cytokines, further enhancing the inflammatory state in the progression of HF.>**! In this study, the SII could be used to
predict LVRR after 6 months of GDMT treatment. After adjusting for confounding factors, increased SII was also
identified as an independent risk factor for non-LVRR and was predictive of poor prognosis in patients with HF. The
mechanisms of the relationship between the SII and LVRR and adverse prognosis in HF patients remain unclear.
A substantial number of neutrophils were found in myocardial tissue in a model of HF, and elevated neutrophils were
associated with cardiovascular outcomes, leading to myocardial infarction and cardiac death.>>* Aside from increased
levels of neutrophils, increasing platelet levels also contribute to SII elevation. PLTs are related to atherosclerosis,
coronary artery disease, cerebrovascular disease, and systemic inflammatory disorders, all of which contribute to the
pathogenesis of HF.*>” Furthermore, significant abnormalities caused by HF lead to decreased levels of lymphocytes,
resulting in an elevated value of the SII. First, lymphocyte counts in patients with HF were found to be lower than those
in the normal population, and lymphopenia serves as an independent predictor of poor cardiovascular outcomes in
patients with chronic and advanced HF.***° A 36-month follow-up study of myocardial infarction found that patients
with low lymphocyte counts within 96 hours of admission had an elevated risk of serious cardiovascular events.***'
However, the role of the platelet count in the two formulas was the opposite. We therefore analyzed the correlation
between each of the components of the formula and the prognosis of HFrEF. We found that there was a significant
correlation and a consistent trend for neutrophil count, ALT and AST, while there was no significant correlation for
platelet count. Overall, the SII has a higher predictive value as a biomarker than a single leukocyte subtype indicator due
to its ability to reflect the balance of platelets and lymphocytes in the body as well as the overall immune response in
patients with HF. Regarding its role as a novel biomarker, using the SII is simple and fast, involving an inexpensive
routine blood examination for almost all hospitalized patients. Compared with NT-proBNP, the SII enables more
effective identification of high-risk patients as well as the prediction of prognosis without additional cost; it has broad
application prospects.
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Table 6 The Predicting Ability of FIB-4, SIl and IFCI with the |-Year Prognostic

Composite Cardiac Endpoint

All Cause Death

NT-proBNP IFCI FIB4 sl NT-proBNP IFCI FIB4 sl
Cut-off value 2000 39.131 2.033 451.71 2550 67.398 2.088 668.86
AIC 4091.911 4053446 4089.991 4090.182 2030.205 2008.563 2034.283 2030.009
AUC 0.583 0.645 0.603 0613 0.573 0.647 0.6 0.637
Sensitivity 0.645 0.839 0572 0.744 0.608 0514 0.55 0.601
Specificity 0.539 0.422 0.605 0471 0.571 0.738 0.623 0.658
NRI Ref. 0.231(0.035-0.529) | 0.094(-0.390-0.365) | —0.029(-0.385-0.319) Ref. 0.242(0.033-0.448) | —0.158(-0.404-0.381) | 0.092(~0.274-0.396)
IDI Ref. 0.150(0.045-0.254) | 0.080(-0.178-0.205) | 0.019(-0.127-0.184) Ref. 0.139(-0.091-0.305) | —0.114(~0.204-0.200) | 0.097(~0.095-0.282)

Abbreviations: NT-proBNP, N-terminal prohormone of brain natriuretic peptide; Sll, Systemic immune inflammation index; FIB-4, fibrosis-4 index; IFCI, inflammation-fibrosis combined index; AIC, Akaike information criteria; IDI,
integrated discrimination improvement; NRI, net reclassification improvement. AUC, area under curves.
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HF is caused by cardiac remodeling as a result of cardiac inflammation and fibrosis.** Both cardiac inflammation and
fibrosis could be targets of new heart failure therapies.** In patients with HF, the FIB-4 index increased with NT-pro-BNP
and right atrial pressure, and a high FIB-4 was associated with an increase in all-cause mortality in acute HE.***® Our
results indicate that FIB-4 is both a biomarker of LVRR and a predictor of cardiovascular events in HFrEF patients.
However, the possible mechanism by which FIB-4 is predictive of prognosis in HF patients has not been fully clarified.
Liver dysfunction and cardiac dysfunction are thought to interact mutually. HFrEF often causes liver dysfunction or
abnormal liver enzyme levels and leads to systemic venous congestion and arterial perfusion reduction, resulting in
cardiac cirrhosis and cardiogenic hypoxic hepatitis.*’ Dysfunction and fibrosis of the liver increase the risk of heart
failure and decrease prodrug transformation into active metabolites (eg, some ACE inhibitors and ARBs, enalapril,
fosinopril, and losartan).*® This is why some patients cannot tolerate medication treatment or why the effect of the
pharmaceutical is poor. A shortage of drug tolerance will result in center-of-gravity failure, triggering a vicious cycle.
Additionally, hepatic fibrosis is associated with CVD pathogenesis through different mechanisms, and increased plasma
inflammatory mediators play a substantial role. This is one reason why readily accessible markers for liver fibrosis might
also be used as indicators for cardiac fibrosis, which is why the evaluation of FIB-4 in this study was recommended.*’ At
the same time, calculating FIB-4 is quick and straightforward, and the FIB-4 results are available immediately.

In a large cohort of patients with HFrEF, this study indicated that an increased IFCI at admission offers good predictability
regarding non-LVRR and predicts the risk of all-cause mortality or composite cardiovascular events in patients with HFrEF. It
may be used as a promising biomarker. Therefore, the IFCI reflects key processes such as inflammation and cardiac
remodeling in patients with HFTEF and has been shown to have incremental prognostic value over NT-proBNP, the gold
standard biomarker in HF. This further denotes several different underlying pathophysiological pathways that contribute to HF
progression and suggests that the IFCI as a marker provides additional information compared with NT-proBNP.>® HF remains
a complex disease, but even though IFCI is representative of several pathological conditions, it enables us to elucidate the
disease status of HF and its impact on prognosis. Notably, the IFCI exhibits less intraindividual biological variation than NT-
proBNP. Therefore, applying a combination of biomarkers would more reliably predict risk at the individual patient level than
relying on a single marker.

Study Limitations

First, the single-center, retrospective cohort design was an inherent limitation. Second, after adjusting for well-
established predictive indicators, the remaining confounding factors cannot be entirely ruled out because the three
groups (low, medium, and high groups) had a wide range of baseline variations in characteristics. Therefore, large-scale
prospective randomized studies are needed to further determine the impact of these indices on the LVRR. At the time of
study conduction, SGLT2 inhibitor (SLGT2i) therapy and ARN inhibitor (ARNi) therapy were not part of standard
GDMT. Treatment of HFrEF with SGLT2i and ARNi has been associated with a reduction in sudden death and improved
LVEF and could therefore also affect our results.”' In the end, the study neglects to evaluate the burden of comorbidity

and thromboembolic risk for HFrEF patients.’*>*

Conclusion

In a large cohort of patients with HFTEF, this study indicated that an increased inflammation-fibrosis combined index at
admission offers good predictability regarding non-LVRR and predicts the risk of all-cause mortality or composite
cardiovascular events in patients with HFrEF. It may be used as a promising biomarker that may complement or even
outperform traditional markers, such as N-terminal pro-brain natriuretic peptide.
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