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Abstract

Aims We aim to investigate the correlation between high levels of the systemic immune-inflammation index (SII) and
long-term mortality and major cardiovascular adverse events in advanced chronic heart failure patients with renal dysfunction.
Methods and results Seven hundred seventeen advanced chronic heart failure patients with renal dysfunction, who visited
the First affiliated hospital of Zhengzhou University from September 2019 to December 2020, were included. All-cause
mortalities (ACM) were selected as primary endpoints and major cardiovascular adverse events (MACEs) as the secondary end-
points. Based on the receiver operating characteristic (ROC) curve and the Youden index, the optimal cut-off values of SlI for
ACM and MACEs were 1228 and 1406. In the group where ACM were the primary endpoint, patients were categorized into the
low-SII group (n = 479) and the high-Sll group (n = 238). Patients in the group using MACEs as the secondary endpoint were
also categorized into the low-SIl groups (n = 514) and the high-SII groups (n = 203). Univariate and multivariate COX regression
were used to screen the independent predictors for ACM and MACEs, revealing the relationship between Sl levels and end-
points. According to the univariate COX analysis, SIl was the risk factor (hazard ratio [HR] = 2.144, 95% confidence interval [CI]:
1.565-2.938, P < 0.001) for the ACM subgroup. It was also the risk factor (HR = 1.625, Cl: 1.261-2.905, P < 0.001) for the
MACEs subgroup. Multivariate COX regression analysis indicated that the occurrence of ACM and MACEs in high-level Sl
and low-level Sl patients had statistical differences. The incidence of ACM increased by 70.3% (HR = 1.703; 95% CI: 1.200—
2.337; P = 0.002) in patients of the high SII level group, the incidence of MACEs increased by 58.3% (HR = 1.583, 95% Cl:
1.213-2.065, P = 0.001). Kaplan—Meier (K-M) survival analysis further suggested that patients with a high SlI level had an in-
creased risk of having ACM (log-rank P < 0.001) and MACEs (log-rank P < 0.001) within 30 months. SlI could be considered as
a novel predictor of the occurrence of ACM and MACEs for patients with advanced chronic heart failure and renal dysfunction.
Conclusions This study suggested that Sll is a novel independent predictor of mortality in advanced chronic heart failure pa-
tients with renal dysfunction, and it should be considered in current clinical management.
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Introduction Recent studies indicate that renal function and cardiac func-

tion interact with each other. More importantly, the renal
Chronic heart failure (CHF) is the end-stage manifestation of function in patients with chronic heart failure is usually
many cardiovascular diseases, leading to premature death. associated with increased readmission rate and mortality,
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resulting in a poor prognosis.’™ The progression of heart fail-
ure often accelerates the decline of renal function, which in
turn affects cardiac function, forming a vicious cycle. There-
fore, renal dysfunction is recognized as a higher risk factor
for CHF patients.*”

In CHF, the activation of the immune cells and responses
results in the secretion of proinflammatory cytokines, activa-
tion of the complement system, the production of autoanti-
bodies, and the upregulated expression of adhesion mole-
cules, further enhancing the inflammatory state.® In fact,
the inflammatory response is now considered as one of the
main contributors to the development of chronic heart fail-
ure in addition to the original hypothesis that insufficient cir-
culation volume and the insufficient organ perfusion caused
by the reduced cardiac output are the main causes of CHF.
Furthermore, because tubular epithelial cells are sensitive
to reactive oxygen species, inflammatory responses and
immune-induced oxidative damage may contribute to renal
dysfunction, which has been observed in tubular cell injury.”
Taken together, immune responses may play an important
role in the poor prognosis of CHF patients with renal dysfunc-
tion. Hence, biomarkers that reflect the immune response
would benefit clinical diagnostic purposes. Given that the sys-
temic immune-inflammation index (Sll) is a comprehensive
inflammatory index that reflects three kinds of important im-
mune cells, including neutrophils, lymphocytes, and platelets,
indicating the local immune response and systemic inflamma-
tion. Therefore, SIl would be considered as a biomarker.®®
However, limited study has explored the correlation between
Sl and the prognosis and mortality of CHF patients with renal
dysfunction.

Herein, in this study, we investigated the correlation be-
tween Sl and the prognosis and occurrence of mortality in
CHF patients with renal dysfunction, shining a light on a bio-
marker that can potentially contribute to the current clinical
management.

Method
Data source

Patients with chronic heart failure who were admitted to the
First Affiliated Hospital of Zhengzhou University from Sep-
tember 2019 to December 2020 were selected for this study,
and the inclusion and exclusion criteria were as follows:
Inclusion criteria were as follows: (1) have an advanced
heart failure by diagnosis, and the diagnostic criteria refer
to the 2021 ESC advanced heart failure diagnostic criteria.*°
To be more specific about the CHF definition, at least two
of the following four criteria must be met despite the treat-
ment: (a) Severe and persistent heart failure symptoms
(grade NYHA Il or IV). (b) Severe cardiac insufficiency was de-

fined by at least one of the following: (i) LEVF ejection frac-
tion of 30%; (ii) isolated right heart insufficiency; (iii) inoper-
able severe valvular anomalies, inoperable severe congenital
anomalies. (iv) persistent high BNP or NT-proBNP values; (v)
severe LV diastolic dysfunction or structural abnormalities
(according to the HFpEF definition). (c) Pulmonary or sys-
temic congestion episodes requiring high intravenous dose
diuretics or low output paroxysmal HF requiring positive
inotropes or vasoactive drugs or malignant arrhythmia
resulting in >1 unscheduled visit or hospitalization in the
past 12 months. (d) Impaired exercise capacity for cardiac
causes, inability to exercise or a 6-min walking test with low
distance (<300 m) or peak oxygen consumption <12 mL/
kg/min or <50% predictive value; (2) was diagnosed with re-
nal insufficiency, and with eGFR < 90 mL/(min/1.73 m?). (3)
Adult patients were over 18 years old; (4) Patients were hos-
pitalized for heart failure twice.

Exclusion criteria were as follows: (1) first onset of acute
heart failure; (2) with primary renal disease; (3) with infec-
tious disease or malignant tumour; (4) glomerular filtration
rate <15 mL/(min/1.73 m?) or receiving renal dialysis treat-
ment; (5) hospitalization time <2 days; (6) incomplete clinical
case data.

According to the above criteria, a total of 815 patients
were selected, 98 patients were lost contact during the fol-
low-up, and 717 patients were included. The flow chart dem-
onstrated the general information and laboratory data of
these patients were collected. The general information in-
cluded age, sex, hypertension history, diabetes history. Mean-
while, the laboratory data included blood routine, blood and
biochemical indicators, and markers of myocardial injury,
such as white blood cell count (WBC), lymphocyte count
(LY), neutrophil count (NEUT), serum creatinine (Scr), blood
urea nitrogen (BUN), serum albumin (ALB), fasting blood glu-
cose (FPG), amino-terminal brain sodium peptide precursor
(N terminal pro B type natriuretic peptide, NT-proBNP), tro-
ponin and so on.

Diagnostic criteria and definitions

According to European Society of Cardiology (ESC) recom-
mendations, the criteria for the diagnosis of hypertension®*
are a clear history of hypertension and active antihyperten-
sive medication, or a systolic blood pressure >140 mmHg
and/or a diastolic blood pressure >90 mmHg at least three
remeasurements during at least two separate occasions.
The diagnostic criteria for diabetes'? were the presence of
typical diabetic symptoms, arbitrary blood glucose
>11.1 mmol/L, or FPG >7.0 mmol/L, or being treated with
hypoglycaemic drugs. Smoking status was one of the follow-
ing conditions: current smokers or previous smokers. Drink-
ing status was defined as any consumption of alcohol in the
previous 6 months.
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Endpoints

The primary endpoint event was all-cause mortality (ACM),
which was further categorized as cardiac death and
non-cardiac death, where cardiac death was caused by heart
failure, myocardial infarction or malignant arrhythmia. Sec-
ondary endpoints were major adverse cardiovascular events
(MACEs), defined as the combination of cardiac death,
non-cardiac death, readmitted for heart failure, the use of
mechanical circulatory support and implementation of heart
transplantation.

Follow-up

The follow-up methods mainly include extracting case system
records, outpatient records, and telephone interviews. The fi-
nal follow-up time of this study is in March 2022. Among the
815 patients who met the inclusion criteria, 717 patients
were contacted, and 98 were lost contact during the
follow-up period, with a loss rate of 12.0%. The median
follow-up time was 21.58 (17.98-25.39) months. Overall, a
total of 156 patients died and 244 patients had MACEs
events. To specific, 133 patients had cardiac deaths, and
111 had recurrent heart failure admissions (Figure 1).

Figure 1 Flow chart of patient inclusion.

Statistical analysis

SPSS version 26.0 (IBM Corp., Armonk, NY, USA) was used to
analyse data. The ROC curves were drawn with the two end-
point events as state variables (Figures 2 and 3), and the cor-
responding Youden index was obtained, thus finding the
cut-off value of each endpoint event to divide the patients
into low SIl and high Sl groups. The best cut-off value with
all-cause death as the status variable was 1228
(AUC = 0.740, P < 0.001), and the best cut-off value with sec-
ondary key MACEs events as the status variable was 1406
(AUC 0.728, P < 0.001). Continuous variables were
expressed as mean * standard deviation (SD) or median (in-
terquartile range). A t-test was used if the continuous vari-
ables met both a normal distribution and homogeneity of
variance, and a Mann—Whitney U-test was applied if a normal
distribution or homogeneity of variance was not satisfied.
Categorical variables were presented as the number of cases
(percentage) and analysed using the Xz test (or Fisher’s exact
method). Furthermore, Kaplan—Meier analysis was employed
to calculate the cumulative incidence of long-term outcomes
and used the log-rank test, which visually demonstrated the
correlation between Sl and patient survival and MACEs event
incidence on Kaplan—Meier (K-M) curves. Two multivariate
COX regression models were constructed with two different
endpoint events: first using univariate COX regression to
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Figure 2 ROC curve of Sll predicting long-term mortality in patients with
advanced chronic heart failure with renal insufficiency.
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Figure 3 The ROC curve of Sl predicting the incidence of long-term
MACEs events in patients with advanced chronic heart failure and renal
insufficiency.
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screen for covariates, including statistically significant
variables with univariate COX regression into multivariate
COX regression equations, and using backward stepwise

regression to screen for independent predictors of HF out-
come. P < 0.05 was considered to be statistically significant.
GraphPad Prism8 was used to draw the forest map to intui-
tively demonstrate the relationship between Sl and various
independent influencing factors and CHF mortality and
MACEs in the COX regression model.

Results
Baseline characteristics

Based on the inclusion criteria, exclusion criteria and
follow-up data, 717 patients were included. In the subgroups
with ACM as the primary endpoint, sensitivity and specificity
were 78.2% and 60.5%, respectively, and Youden’s index was
0.177. The area under the curve (AUC) was 0.740, and the
cut-off value was 1228 (Figure 2). Participants were catego-
rized into the low-SIl group (SIl < 1228, n = 479) and the
high-SIl group (SIl > 1228, n = 238). All of the baseline data
are shown in Table 1. Statistical differences in WBC, RBC,
platelets, neutrophils, lymphocytes, BNP and CRP (P<0.05)
were observed the between two groups. Interestingly, the
insignificant differences in age and sex were identified
(P> 0.05).

Similarly, in the subgroups with MACEs as the secondary
endpoint, sensitivity and specificity were 87.7% and 63.9%,
respectively, and Youden’s index was 0.238. The area under
the curve (AUC) was 0.728 (P < 0.001), and the cut-off value
was 1406 (Figure 3). Participants were divided into the low-SlI
group (SIl < 1406, n = 514) and the high-SII group (SIl > 1406,
n = 203). All of the baseline data were included in Table 2.
Factors including age, WBC, RBC, platelets, neutrophils,
lymphocytes, BUN, BNP, and CRP were statistically significant
between the two groups (P < 0.05), but not in other factors
(P >0.05).

The relationship between Sll and all-cause
mortality (ACM)

In the subgroups with ACM as the primary endpoint, we cre-
ated a univariate COX model (Table 3) for each of the predic-
tor variables and entered these variables that were significant
(P < 0.05) in the univariate COX models into multivariate COX
regression analysis (Figure 4). The univariate COX analysis re-
sults showed that age > 60 years, gender, history of coronary
artery disease, hypertension and arrhythmia, WBC, neutro-
phils, total cholesterol, NT-pro BNP, eGFR, troponin, CRP,
Sll, use of digoxin and antiplatelet agents were risk factors
for ACM in CHF patients with renal dysfunction (P < 0.05),
and the haemoglobin, use of Entresto and calcium channel
blockers were protective factors (P < 0.05).
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Table 1 Clinical and laboratory characteristics according to the SIl (mortality)
Characteristics SIl < 1228 (n = 479) SIl > 1228 (n = 238) Xz/t/z P
Demographics
Age, years 57.88 = 16.55 60.01 = 16.63 —1.744 0.082
Male, n (%) 301 (62.8) 135 (56.7) 2.496 0.067
Smoke, n (%) 135 (28.2) 63 (26.5) 0.426 0.514
Alcohol, n (%) 83(17.3) 44 (18.5) 0.147 0.702
Co-morbidities, n (%)
Hypertension 335 (69.9) 161 (67.6) 7.723 0.052
Diabetes mellitus 160 (33.4) 88 (37.0) 2.814 0.093
Arrhythmia 141 (29.4) 81 (36.5) 1.527 0.210
PVD 71 (14.8) 36 (15.1) 0.993 0.334
Thyroid disease 102 (21.3) 43 (18.1) 1.026 0.311
CvD 80 (16.7) 49 (20.6) 1.628 0.202
Laboratory £Parameters
WBC, 107/L 6.03 (4.92-7.33) 9.00 (6.73-12.67) 12.560 <0.001
RBC, 10°/L 3.61 +£0.93 3.44 = 0.91 2.200 0.028
PLT, 10%L 177 =72 232 = 103 -7.110 <0.001
Neut, 10%/L 4.09 (3.25-4.10) 7.62 (5.45-10.74) 15.821 <0.001
Lymph, 10%L 1.15 (0.85-1.59) 0.81 (0.57-1.17) -8.764 <0.001
BUN, mmol/L 15.4 (7.6-24.8) 17.7 (10.1-27.1) 1.900 0.057
Creatinine, umol/L 334 (101-734) 232 (99-657) —1.439 0.150
TC, mmol/L 5.55 (4.47-6.36) 5.68 (4.72-6.36) 1.572 0.116
TG, mmol/L 2.80 (1.92-3.64) 2.55 (1.84-3.16) —1.052 0.293
HDL-C, mmol/L 1.45 (1.17-1.70) 1.55 (1.30-1.76) 0.846 0.397
LDL-C, mmol/L 3.53 (2.72-4.19) 3.72 (2.95-4.38) 1.223 0.221
NT-proBNP, ng/ml 7932 (2018-28753) 12 297 (3678-33857) 2.808 0.005
eGFR, mL/(min/1.73 mz) 52.962 (31.183-72.146) 47.214 (29.225-66.068) 2.072 0.043
CRP, mg/L 7.10 (2.42-17.89) 22.08 (8.41-63.34) 9.428 <0.001
LVEF, % 52 (47-55) 51 (40-54) 2.023 0.039
LVD, mm 51.17 £10.18 50.44 = 10.68 0.982 0.327
Medication, n (%)
Antiplatelet drugs 193 (40.3) 42 (17.6) 0.770 0.401
ARNI 119 (24.8) 64 (26.9) 0.351 0.554
ACEI 212 (44.3) 103 (43.3) 0.062 0.803
Beta-blocker 270 (56.4) 130 (54.6) 0.196 0.658
Statin 206 (43.0) 119 (50.0) 2.175 0.140
Calcium channel blocker 142 (29.6) 96 (40.3) 0.022 0.936
Digoxin 31 (13.0) 51 (10.6) 0.784 0.376
Diuretics 191 (39.9) 111 (46.6) 2.984 0.084

Abbreviations: PVD, peripheral vascular disease; CVD, cerebro-vascular disease; WBC, white blood cell; Neut, neutrophils; Lymph, lympho-
cyte; PLT, platelet; TC, total cholesterol; TG, triglyceride; HDL-C, high density lipoprotein cholesterol; LDL-C, low-density lipoprotein cho-
lesterol; CRP, C-reactive protein; LVD, left ventricle diameter; ACEIl, angiotensin-converting enzyme inhibitors; BUN, blood urea nitrogen.

In the multivariate COX regression analysis, using the back-
ward stepwise regression method with a justification of tradi-
tional clinical prognostic factors including male, age, history
of hypertension, total cholesterol, NT-pro BNP, eGFR, tropo-
nin and CRP, high-level Sll indicated a poor clinical outcome
(P < 0.05), were the independent risk factors for ACM, and
the male, HB were the protect factors. However, after justifi-
cation in multivariate Cox regression analysis, insignificant
differences in the risk factors of history of arrhythmia was ob-
served between the two groups. During long-term follow-up,
the risk of ACM in high SII group increased (Figure 4) by
70.3% (hazard ratio [HR] = 1.703; 95% confidence interval
[C1], 1.200-2.337; P = 0.002).

The relationship between SIl and MACEs events

When MACEs were selected as the secondary endpoint, a
univariate COX model (Table 4) for each of the predictor

variables were created. and entered The significant variables
(P < 0.05) in the univariate Cox models were recorded the
multivariate Cox regression analysis (Figure 5). The univariate
COX analysis results showed that age > 60 years, male,
history of coronary artery disease, hypertension and
arrhythmia, WBC, neutrophils, troponin, CRP, SllI, use of
digoxin and antiplatelet agents were risk factors for MACE
in CHF patients with renal dysfunction (P < 0.05), and the
use of ARNI and calcium channel blockers were protective
factors (P < 0.05).

In the multivariate Cox regression analysis, using the back-
ward stepwise regression method with the justification of tra-
ditional clinical prognostic factors including male, age, history
of hypertension and CHD, haemoglobin, NT-pro BNP, tropo-
nin and use of digoxin, ARNI and calcium channel blockers
and antiplatelet agents, Sll level could predict poor clinical
outcomes (P < 0.05), where male, age > 60 years, history
of coronary heart disease, haemoglobin, NT-proBNP, tropo-
nin, use of anti-platelet agents and calcium channel blockers
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Table 2 Clinical and laboratory characteristics according to the SIl (MACEs)
Characteristics SIl < 1406 (n = 514) SIl > 1406 (n = 203) Xz/t/z P
Demographics
Age, years 57.84 = 16.59 60.45 + 16.53 0.314 0.037
Male, n (%) 323 (62.8) 113 (55.7) 3.144 0.076
Smoke, n (%) 145 (28.2) 53 (26.1) 0.322 0.571
Alcohol, n (%) 90 (17.5) 37 (18.2) 0.051 0.821
Co-morbidities, n (%)
CHD 233 (45.3) 107 (52.7) 3.178 0.075
Hypertension 356 (69.2) 140 (69.0) 4.182 0.242
Diabetes mellitus 172 (33.5) 76 (37.4) 1.017 0.313
Arrhythmia 154 (30.0) 68 (33.5) 0.851 0.356
PVD 76 (14.8) 31 (15.3) 0.027 0.87
Thyroid disease 109 (21.2) 36 (17.7) 1.088 0.297
CvD 86 (16.7) 43 (21.2) 1.954 0.162
Laboratory Joarameters
WBC, 10°/L 6.05 (4.99-7.50) 9.39 (7.03-12.85) 12.388 <0.001
RBC, 109/L 3.61 = 0.93 3.43 = 0.96 0.157 0.024
PLT, 109/L 181 =76 231 £ 104 17.605 <0.001
Neut, 109/L 4.15 (3.27-5.29) 7.81 (5.75-11.00) 15.528 <0.001
Lymph, 10%L 1.15 (0.85-1.57) 0.77 (0.53-1.07) —9.021 <0.001
BUN, mmol/L 15.3 (8.5-24.7) 17.7 (10.3-27.2) 2.387 0.017
Creatinine, umol/L 331 (101-716) 257 (98-690) —1.024 0.306
TC, mmol/L 3.63 (2.99-2.50) 3.78 (3.07-4.71) 0.904 0.366
TG, mmol/L 1.34 (0.86-1.92) 1.20 (0.83-1.84) -1.490 0.136
HDL-C, mmol/L 0.97 (0.78-1.18) 0.99 (0.79-1.31) 1.286 0.199
LDL-C, mmol/L 2.12 (1.60-2.79) 2.19 (1.46-2.92) 0.369 0.712
NT-proBNP, ng/mL 7723 (1946-28 218) 13 487 (4735-35 000) 2.667 <0.001
eGFR, mL/(min/1.73 m?) 53.422 (32.931-71.567) 44.769 (26.840-65.456) 1.973 0.049
CRP, mg/L 7.20 (2.44-19.65) 23.76 (8.70-64.10) 8.994 <0.001
LVEF, % 52 (45-55) 51 (40-54) 2.473 0.014
LVD, mm 51.18 = 10.27 50.37 = 10.78 0.103 0.348
Medication, n (%)
Antiplatelet drugs 81 (15.8) 42 (20.7) 2.490 0.115
ARNI 130 (25.2) 53 (26.7) 0.051 0.821
ACEI 230 (44.7) 85 (41.9) 0.488 0.485
Beta-blocker 294 (57.2) 106 (52.2) 1.646 0.226
Statin 225 (43.8) 100 (49.3) 1.768 0.184
Calcium channel blocker 209 (40.7) 83 (40.9) 0.003 0.956
Digoxin 58 (11.3) 24 (11.8) 0.042 0.838
Diuretics 207 (40.3) 95 (46.8) 2.524 0.111

Abbreviations: Sll, systemic immune-inflammation index; PVD, peripheral vascular disease; CVD, cerebro-vascular disease; WBC, white
blood cell; Neut, neutrophils; Lymph, lymphocyte; PLT, platelet; TC, total cholesterol; TG, triglyceride; HDL-C, high density lipoprotein cho-
lesterol; LDL-C, low-density lipoprotein cholesterol; CRP, C-reactive protein; LVD, left ventricle diameter; ACEl, angiotensin-converting en-

zyme inhibitors; BUN, blood urea nitrogen.

and SII were independent risk factors for ACM. Meanwhile,
the risk factors of history of hypertension, RBC and ARNI
drugs were insignificant between the two groups. More
importantly, the risk of MACEs in high SIl group increased
(Figure 5) by 58.3% (HR = 1.583, 95% Cl: 1.213-2.065,
P = 0.001).

Kaplan—Meier survival analysis

The Kaplan—Meier survival analysis was shown in Figure 6.
The cumulative long-term ACM rate after discharge in the
patients of the high SIl group was significantly higher
than that in the low SIlI group (log rank P < 0.001). In
addition, the incidence of MACEs was also higher in the high
SII group.

Discussion

This study assessed the prognostic value of Sll in patients
with CHF combined renal dysfunction, concluding the poten-
tial of Sll as an independent risk factor for ACM and MACEs.
ACM increased by 70.3% (HR = 1.703; 95% Cl, 1.200-2.337;
P =0.002) in high SlI group. The incidence of events in MACEs
also increased by 58.3% (HR = 1.583, 95% Cl: 1.213-2.065,
P =0.001) in the high SlI level group. This study pioneeringly
explored the relationship between Sl and the prognosis of
CHF patients with renal dysfunction.

Bidirectional pathway between heart and kidney

Previous study’® has shown that approximately 40%-50% of
patients with HF have chronic renal dysfunction. Even a slight
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Table 3 Univariate COX regression analysis results for ACM

Univariate analysis

Variables B SE Wald XZ Crude HR (95% Cl) Crude P-value
Age 1.123 0.181 38.596 3.075 (2.157-4.383) <0.001
Gender -0.484 0.161 9.072 0.616 (0.450-0.844) 0.003
CHD 0.638 0.165 15.039 1.893 (1.371-2.613) <0.001
Hypertension 0.831 0.172 23.326 1.436 (1.311-1.610) <0.001
Arrhythmia 0.712 0.162 19.434 2.039 (1.485-2.799) <0.001
Diabetes mellitus 0.015 0.169 0.008 0.985 (0.707-1.373) 0.929
CVvD 0.222 0.199 1.255 1.249 (0.846-1.843) 0.263
PVD 0.066 0.230 0.082 1.608 (0.680-1.677) 0.775
Thyroid disease 0.447 0.230 3.779 0.639 (0.407-1.004) 0.052
Smoke 0.087 0.182 0.229 0.916 (0.641-1.310) 0.632
Alcohol 0.119 0.218 0.296 0.888 (0.579-1.362) 0.586
WBC 0.618 0.161 14.801 0.539 (0.393-0.738) <0.001
RBC -0.236 0.172 1.887 1.266 (0.904-1.773) 0.169
HB -0.335 0.166 4.076 1.398 (1.010-1.936) 0.043
PLT —0.307 0.215 2.041 0.736 (0.483-1.121) 0.153
Neut 0.732 0.173 17.96 2.080 (1.482-2.918) <0.001
Lymph -0.296 0.507 0.341 0.744 (0.276-2.008) 0.559
TC 0.397 0.171 5.385 0.672 (0.481-0.940) 0.020
TG 0.345 0.177 3.804 0.708 (0.501-1.002) 0.050
NT-proBNP 0.819 0.192 18.149 2.268(1.556-3.305) <0.001
eGFR, mL/(min/1.73 mz) 0.705 0.187 14.214 2.033 (1.403-2.918) <0.001
Troponin 0.864 0.162 28.433 2.372 (1.727-3.258) <0.001
CRP 1.038 0.167 38.452 2.822 (1.033-3.918) <0.001
SlI 0.763 0.161 22.513 2.144 (1.565-2.938) <0.001
ARNI -0.393 0.206 3.632 0.675 (0.450-1.011) 0.07
Beta-blocker -0.297 0.161 3.414 0.743 (0.542-1.018) 0.065
Digoxin 0.539 0.212 6.479 1.715 (1.132-2.597) 0.011
Calcium channel blocker -0.872 0.189 21.385 0.418 (0.289-0.605) <0.001
Antiplatelet drugs 0.628 0.184 11.667 1.873 (1.307-2.685) 0.001

Abbreviations: PVD, peripheral vascular disease; CVD, cerebro-vascular disease; WBC, white blood cell; Neut, neutrophils; Lymph, lympho-
cyte; PLT, platelet; TC, total cholesterol; TG, triglyceride; S, systemic immune-inflammation index; HDL-C, high density lipoprotein choles-
terol; LDL-C, low-density lipoprotein cholesterol; CRP, C-reactive protein; BUN, blood urea nitrogen; ACEI, angiotensin-converting enzyme

inhibitors.

Figure 4 Multivariate Cox regression analysis results for ACM.

Multivariate analysis

Variubles Adjusted P-value Adjusted HR(95%CI)  Adjusted HR(95%CI)
Gender 0.004 0.616(0.443-0.855) =T
Age P<0.001 2.574(1.792-3.699) 't ——
Hypertension P<0.001 2.183(1.532-3.109) e
eGFR P<0.001 2.091(1.428-3.060) P ——
Haemoglobin 0.020 0.665(0.472-0.938) o
Total cholesterol  0.041 1.441(1.016-2.046) ——t
NT-proBNP P<0.001 2.007(1.350-2.984) P —
Troponin 0.005 1.625(1.156-2.283) (==
CRP 0.002 1.738(1.227-2.460) e
SII 0.002 1.703(1.220-2.377) | ——i
1 1 1 1 1
0 1 2 3 4

reduction in eGFR can significantly affect ACM in patients
with HF. Cardiac and renal diseases interact in a complex bi-
directional and interdependent manner acutely and chroni-

cally, resulting in high mortality. In HF patients (LEVF < 40)
with dialysis-dependent and CKD stage 5, kidney transplanta-
tion can lead to a significant increase in mean LVEF and even
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Table 4 Univariate Cox regression analysis results for MACEs.

Univariate analysis

Variables B SE Wald ;(2 Crude HR (95% ClI) Crude P-value
Age 0.783 0.134 34.079 2.189 (1.683-2.847) <0.001
Gender —0.386 0.128 9.066 0.680 (0.529-0.874) 0.003
CHD 0.733 0.132 31.012 2.081 (1.608-2.694) <0.001
Hypertension 0.546 0.137 15.912 1.579 (1.443-1.758) <0.001
Arrhythmia 0.727 0.13 31.482 2.069 (1.605-2.667) <0.001
Diabetes mellitus 0.013 0.135 0.010 0.987 (0.757-1.286) 0.922
CVvD 0.122 0.162 0.561 1.129 (0.821-1.553) 0.454
PVD 0.067 0.181 0.136 0.936 (0.657-1.333) 0.712
Thyroid disease 0.336 0.175 3.688 0.715 (0.508-1.007) 0.055
Smoke 0.040 0.142 0.080 1.041 (0.7888-1.376) 0.777
Alcohol 0.001 0.17 0.000 0.999 (0.716-1.393) 0.995
WBC 0.469 0.129 13.265 1.699 (1.242-2.508) <0.001
RBC 0.37 0.14 7.000 1.448 (1.101-1.904) 0.008
HB 0.509 0.135 14.262 1.664 (1.278-2.167) <0.001
PLT -0.275 0.175 2.466 1.316 (0.934-1.854) 0.116
Neut 0.595 0.134 19.653 1.812 (1.393-2.357) <0.001
Lymph -0.296 0.507 0.341 0.744 (0.276-2.008) 0.559
TC 0.224 0.133 2.854 0.799 (0.616-1.037) 0.091
TG 0.244 0.138 3.310 0.784 (0.598-1.027) 0.077
NT-proBNP 0.281 0.136 4.274 1.325 (1.015-1.730) 0.039
Troponin 0.603 0.133 20.53 1.828 (1.408-2.373) <0.001
CRP 0.538 0.128 17.576 1.712 (1.332-2.201) <0.001
Sl 0.486 0.130 14.041 1.625 (1.261-2.905) <0.001
ARNI -0.329 0.163 4.072 0.720 (0.523-0.991) 0.044
Beta-blocker —-0.039 0.129 0.090 0.962 (0.747-1.239) 0.764
Digoxin 0.514 0.173 8.810 1.672 (1.191-2.347) 0.003
Calcium channel blocker —-0.734 0.144 26.050 0.480 (0.362-0.636) <0.001
Antiplatelet drugs 0.734 0.147 25.054 2.084 (1.563-2.777) <0.001

Abbreviations: PVD, peripheral vascular disease; CVD, cerebro-vascular disease; WBC, white blood cell; Neut, neutrophils; Lymph, lympho-
cyte; PLT, platelet; TC, total cholesterol; TG, triglyceride; HDL-C, high density lipoprotein cholesterol; LDL-C, low-density lipoprotein cho-
lesterol; CRP, C-reactive protein; BUN, blood urea nitrogen; SlI, systemic immune-inflammation index; ACEl, angiotensin-converting

enzyme inhibitors.

Figure 5 Multivariate Cox regression analysis results for MACEs.

Multivariate analysis

Variables Adjusted P-value Adjusted HR(95%CI) Adjusted HR(95%CI)
Age P<0.001 1.788(1.344-2.379) | ——i
Gender 0.007 0.702(0.543-0.909) o
Hypertension 0.058 0.749(0.556-1.010) :
CHD 0.002 1.575(1.182-2.099) I
RBC 0.083 0.658(0.409-1.057) !
Haemoglobin P<0.001 2.333(1.648-3.078) I —.—
NT-proBNP 0.008 1.474(1.108-1.962) j——i
SII 0.001 1.583(1.213-2.065) e
Troponin 0.001 1.610(1.206-2.149) | ——i
Antiplatelets 0.021 0.596(0.385-0.924) ro—)
ARNI 0.065 0.735(0.531-1.019) :
CCB 0.006 0.640(0.466-0.878) re-
1 I 1 |
0o 1 2 3

normalization of LVEF in a considerable number of patients.
This improvement in LVEF highlights the key role of renal dys-

function in cardiac remodelling.**

From the pathophysiology point of view, cardiac and renal
diseases share many common pathogeneses. Several
non-haemodynamic pathways can exacerbate cardiac and
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Figure 6 Cumulative Kaplan—Meier estimates of the time to the first adjudicated occurrence of ACM (A) and MACEs (B).
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renal injury in cardiac insufficiency, such as sympathetic ner-
vous system (SNS) activation, persistent renin-angiotensin-
aldosterone system activation, and inflammation-induced
tissue damage.’® Meanwhile, in haemodynamics, cardiac
output decreases due to ventricular systolic or diastolic dys-
function in CHF patients. A significant reduction in cardiac
output not only leads to tubular hypoxia and acute tubular
necrosis but also contributes to the reduction in renal perfu-
sion pressure, the increase in the glomerular hydrostatic
pressure, elevated intratubular pressure, and diminished
net filtration pressure,*®*’ resulting in increased circulatory
load. The subsequent progression of long-term renal hypo-
perfusion triggers baroreceptors, paragerular renin release
and rein-angiotensin-aldosterone-system (RAAS) activation,
which may lead to renal vasoconstriction impacting on glo-
merular and tubular reabsorption, and contributing to the
aggravation of the renal injury.*®* Among the common HF
medications, diuretics are fundamental in heart failure treat-
ment, given they are only category drugs than could control
fluid retention diuretics. However, when diuretics are used
to correct circulatory volume overload, the renal excretion
of sodium is significantly increased, which promotes the se-
cretion of renin, increases the activity of renin in the plasma,
and activates the RAAS system, resulting in the reduction of
renal function.'®?° Apart from RAAS system activation, heart
failure also induces arginine vasopressin (AVP) and other
hormones in the body. Elevated level of AVP induces free
water reabsorption, a mechanism that may further cause
water retention, leading to elevated systemic pressure and
aggravating the severity of heart failure. To this end, the pro-
gression of heart failure accelerates the decline of renal
function, which in turn affects the cardiac function, forming
a vicious circle, resulting in catastrophic consequence for
the patients.

Inflammatory response in heart failure combined
with renal dysfunction

Systemic chronic low-grade inflammation is the key trigger
for CHF and renal dysfunction,?* as chronic inflammation sig-
nificantly increases the general cardiovascular risk and infec-
tion rates in patients with CHF and renal dysfunction. In fact,
inflammation-induced cardiovascular disease is considered
the leading cause of death.*? Therefore, the degree of
chronic inflammation in chronic kidney diseases (CKD) and
CHF could predict MACEs and ACM.*3

There are a variety of mechanisms inducing chronic
low-grade inflammation of HF with renal dysfunction, includ-
ing sympathetic activation and other hormonal effects in-
duced by stress responses, visceral oedema due to water
and sodium retention and vasodilation, chronic activation of
the adaptive immune system, activation of endothelial cells
and oxidative stress factors, and so on.?* It has been
suggested that the innate and adaptive immune systems play
an important role in the bidirectional pathway between HF
and chronic renal dysfunction.?® Another study showed
that®® during the healing phase of myocardial necrosis
occurring CHF progression, the initiation of the innate im-
mune system leads to the activation of T lymphocytes and
antigen-presenting cells, together with the mobilization and
infiltration of proinflammatory monocytes and macrophages
into necrotic myocardial sites, promoting myocardial remod-
elling. Myocardial remodelling can lead to decreased cardiac
output, decreased heart function, and further decreased re-
nal function. Hence, chronic low-grade inflammation in HF
with renal dysfunction can activate a harmful immune re-
sponse to the body, resulting in cardiac and renal impairment.

In patients with co-morbidity of HF and renal,
angiotensinogen (Ang) Il level elevates, which increases the
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levels of reactive oxygen species by promoting the activity of
NADH and NADPH oxidase, resulting in the enhanced oxida-
tive damage response, thereby promoting oxidative damage
and endothelial dysfunction.?” Therefore, chronic inflamma-
tion and associated changes in cellular immunity play a key
role in driving vascular lesions and tissue remodelling in the
heart and kidney. In addition, the inflammatory responses
are also the key factors that accelerate the progression of
HF and renal dysfunction.

The manifestation of Sll in inflammation in CHF
patients with renal dysfunction

Sl could reflect the inflammatory responses and partially in-
dicate the overall immune system. Given the close correlation
between inflammatory response and heart failure with renal
dysfunction, and the Sl level indicating an enhanced inflam-
matory response and weakened immune response, the Sll
level could be used to predict the prognosis of heart failure
with renal dysfunction. Sll was calculated based on three pe-
ripheral blood cell counts: neutrophil, platelet and lympho-
cyte count, This ratio was first proposed by Hu et al.,”® who
pointed out that Sll is a strong predictor of poor prognosis
in patients with hepatocellular carcinoma (HCC) after liver re-
section, it has been widely used in coronary atherosclerosis,
and oesophageal cancer,?® non-small-cell lung cancer,*® oste-
osarcoma and other malignant tumours.®' Despite its
popularity as a biomarker, the correlation between SIl and
co-morbidity of CHF and renal insufficiency remains elusive.

As the Sll reflects the neutrophil, platelet and lymphocyte,
the elevated Sll indicates the increased number of neutro-
phils and platelets, as well as the reduced lymphocytes. In
fact, the infiltration of neutrophils has been observed in the
development of cardiac disease evidenced by the Physicians’
Health Study.>> A significant amount of neutrophils was
found in myocardial tissue in an animal model of HF.>*3% Nu-
merous studies, such as the Canakinumab Anti-inflammatory
Thrombosis Outcomes Study (CANTOS)®® trial, have shown
that elevated neutrophils are associated with cardiovascular
outcomes, leading to myocardial infarction and cardiac
death. Moreover, multiple studies have reported that in
CHF,*® myocarditis,®” and atrial fibrillation,® the serum levels
of calcium-binding proteins A8 and A9 (S100A8/S100A9)
derived from neutrophil-secreted are increased, indicating
the upregulation of neutrophil. More importantly, it has been
found that neutrophils contribute to tissue damage in the
heart and kidney,*>**° due to the release of damage-
associated molecular patterns (DAMPs) from necrotic cells
and inflammatory cells. Circulating neutrophils are recruited
to the site of injury, resulting in the elevation of neutrophil
levels and the formation of neutrophil extracellular traps
(NETs)* and expansion loops. At the same time, the neutro-
phil can also accelerate the aggregation of platelets and

promote thrombosis, causing coronary and renal vasospasm
to constrict, affecting myocardial contractility and renal func-
tion, leading to HF and renal dysfunction.*? In addition, the
study conducted by Nakazawa et al.*® demonstrated that
NETs induced damage to remote organs such as the heart
during renal ischemia/reperfusion injury (IRI). It has also been
shown that neutrophils can migrate outside the blood vessels
and then return to the bloodstream,**™*° an unexpected abil-
ity known as reverse migration or abluminal-to-luminal mi-
gration. This migration was first observed by intravital
microscopy during IRIl, which may also be a possibility for
elevated circulating neutrophils following cardiorenal
inflammation.

Apart from the upregulated neutrophils, the increased
amount of platelet is another contributor to the Sl elevation.
The activation and adhesion of platelets have been widely re-
ported in CVD patients. For example, Mehta et al.*® first re-
ported that patients with heart failure had significantly more
circulating platelet (PLT) aggregates than the normal popula-
tion in 1979. Elevated levels of PLT are associated with ath-
erosclerosis, coronary artery disease (CAD), cerebrovascular
disease (CD), and systemic inflammatory diseases,*”~*° which
play a key role in the pathophysiology of HF.>°™3 Studies
have shown that high activity of PLT can independently pre-
dict cardiac death and adverse cardiovascular events in pa-
tients with CAD,*° PDW levels, which reflect PLT activity,>*>°
and can predict the occurrence of cardiac death, coronary in-
farction recurrence, and repeat revascularization.® Apart
from the CADs, the upregulation of platelet is also identified
in the renal dysfunction patients. For instance, Xie et al.®’
found that patients with chronic kidney disease had elevated
levels of the platelet activity marker CD40L compared with
healthy controls. More studies have shown that the coagula-
tion curve of patients with renal dysfunction shows normal or
elevated levels of coagulation factors,*® suggesting that plate-
lets may be elevated in patients with renal insufficiency.

In addition, severe alterations induced by the HF also
contribute to the reduced lymphocytes, resulting in the
increased SlI level. Firstly, the elevated level of endogenous
cortisol hormone caused by CHD-induced inflammation
leads to the development of immune disorders such as
lymphopaenia. More importantly, chronic inflammation also
aggravates the apoptosis of lymphocytes.>® Both result in a
declined number of lymphocytes. For instance, a 36 month
follow-up study of 549 patients with ST-elevation myocardial
infarction showed patients with reduced lymphocytes within
96 h of admission had an increased risk of recurrence of ad-
verse cardiovascular events.®°

Taken together, SlI, as a biomarker, has an enhanced pre-
dictive value as compared to a single leukocyte sub-type
indicator, due to its capability to reflect two different and
complementary immune pathways in patients with
co-morbidity of CHF and renal insufficiency. It can indicate
the balance state of platelets and lymphocytes in the body
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together with coagulation function and systemic immune re-
sponse. More importantly, it is relatively consistent despite
the alteration in physiological conditions, making it a perfect
biomarker. The study successfully proved that Sll level was an
independent risk factor for mortality and MACEs events in
CHF patients with renal insufficiency, which would be benefi-
cial for clinical management. That being said, because this
study was a retrospective and single-centre study,
multi-centre studies are required for further validation.

Conclusions

In summary, we demonstrated that Sll levels are an indepen-
dent risk factor for mortality and MACEs events in advanced
CHF with renal dysfunction. More important, it is sensitive
and reliable with great clinical potential.
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