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Background: The associations of two novel inflammation biomarkers, systemic inflammation response index (SIRI) and systemic
immune inflammation index (SII), with mortality risk in patients with chronic heart failure (CHF) are not well-characterized.
Methods: This retrospective cohort study included patients with CHF in two medical centers of Chinese People’s Liberation Army
General Hospital, Beijing, China. The outcomes of this study included in-hospital mortality and long-term mortality. Associations of
SIRI and SII with mortality were assessed using multivariable regressions and receiver operating characteristic (ROC) analyses.
Results: A total of 6232 patients with CHF were included in the present study. We documented 97 cases of in-hospital mortality and
1738 cases of long-term mortality during an average 5.01-year follow-up. Compared with patients in the lowest quartile of SIRI, those
in the highest quartile exhibited 134% higher risk of in-hospital mortality (adjusted odds ratio, 2.34; 95% confidence interval [CI],
1.16—4.72) and 45% higher risk of long-term mortality (adjusted hazard ratio, 1.45; 95% CI, 1.25-1.67). Compared with patients in the
lowest quartile of SII, those in the highest quartile exhibited 27% higher risk of long-term mortality (adjusted hazard ratio, 1.27; 95%
CI, 1.11-1.46). In ROC analyses, SIRI showed better prognostic discrimination than C-reactive protein (area under the curve: 69.39 vs
60.91, P =0.01, for in-hospital mortality; 61.82 vs 58.67, P = 0.03, for 3-year mortality), whereas SII showed similar prognostic value
with C-reactive protein.

Conclusion: SIRI and SII were significantly associated with mortality risk in patients with CHF. SIRI may provide better prognostic
discrimination than C-reactive protein.

Keywords: systemic inflammation, systemic immune inflammation index, systemic inflammation response index, chronic heart

failure, mortality risk

Introduction
Heart failure (HF) is a complex clinical syndrome caused by abnormal changes in heart structure and/or ventricular
dysfunction,’ with high readmission rates, disability rates, and mortality rates. Approximately 1-2% of the population
had HF worldwide.? According to data from the China Hypertension Survey in 2012-2015, the prevalence of HF among
Chinese population aged 35 years or greater was 1.3%.> With the increase in societal aging and the increasing prevalence
of cardiovascular risk factors, HF will lead to a heavy burden on public health and socio-economic development.*
Therefore, early identification of risk factors for adverse outcomes in patients with HF are crucial for early intervention
and improving prognosis.

A number of evidences showed that chronic systemic inflammation plays an essential role in the development of
atherosclerosis and cardiovascular diseases (CVD).>® However, compared with traditional inflammation biomarkers
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such as C-reactive protein (CRP) and interleukin-6, some novel inflammation biomarkers composed of several
easily obtainable and reliable indicators may have greater clinical significance. Recently, systemic inflammation
response index (SIRI) and systemic immune inflammation index (SII), two novel inflammation biomarkers that
were calculated using blood counts, have been demonstrated to have greater power in predicting cardiovascular
outcomes compared with CRP.”® Analyses from Kailuan cohort study found that higher SIRI and SII were
associated with increased risks of CVD and all-cause mortality in general population.'®'" SII was also observed
to predict adverse outcomes in patients with acute myocardial infarction, hypertension, and CVD.'?>"'* Although,
the associations of SIRI and SII with poor cardiovascular outcomes have been reported, there were few studies
exploring the predictive value of SIRI and SII in patients with chronic heart failure (CHF). Therefore, the aim of
our study was to investigate the associations of SIRI and SII with the risks of in-hospital mortality and long-term
mortality in patients with CHF.

Materials and Methods

Study Population

The present study is a retrospective cohort study conducted in Chinese People’s Liberation Army General Hospital. Patients
with CHF who were hospitalized in the First Medical Center from January 1, 2011, to June 30, 2019, and patients with CHF who
were hospitalized in the Sixth Medical Center from January 1, 2016, to December 31, 2018, were included. Patients with CHF
were identified by a panel of trained physicians reviewing medical records. The identification of CHF followed the diagnostic
criteria recommended by 2021 ESC Guidelines for the Diagnosis and Treatment of Acute and Chronic Heart Failure.'® Patients
were excluded if they had one of the follows: 1) missing data on blood counts, 2) acute inflammation response (defined as white
blood cell [WBC] counts >10x10°/L or CRP >10mg/L) or low WBC counts (WBC < 4x10°/L), 3) cancer or leukemia, 4)
aplastic anemia, myelodysplastic syndrome, or platelet diseases, 5) autoimmune connective tissue diseases or oral use of
steroids. This study complied with the Declaration of Helsinki and was approved by the Ethics Committee of Chinese People’s
Liberation Army General Hospital (Number: S2018-269-02). All patients provided their informed consents.

Baseline Data Collection

Data on demographic characteristics, anthropometric measurements, laboratory tests, diagnosis, medication use
during hospitalization, and medication use after discharge were abstracted from the hospital information system.
For patients who underwent repeated laboratory tests, the first test result was included in our analyses. SIRI was
defined as (neutrophil counts X monocyte counts)/lymphocyte counts. SII was defined as (platelet counts x
neutrophil counts)/lymphocyte counts.'®'" Body mass index (BMI) was calculated as weight (kilograms) divided
by the square of height (meters). The calculation of estimated glomerular filtration rate (¢GFR) was according to
the Chronic Kidney Disease Epidemiology Collaboration equation.'® According to the 2021 ESC Guidelines for
CHF, study patients were divided into three categories based on left ventricular ejection fraction (LVEF): heart
failure with reduced ejection fraction (HFrEF, LVEF < 40%), heart failure with mildly reduced ejection fraction
(HFmrEF, 40% < LVEF < 50%) and heart failure with preserved ejection fraction (HFpEF, LVEF > 50%)."

Follow-up and Outcomes

The outcomes of this study included in-hospital mortality and long-term mortality. Information on in-hospital all-cause
mortality and cardiovascular mortality was obtained by reviewing medical records. Information on long-term all-cause
mortality and cardiovascular mortality was obtained by telephone interviews with patients or their relatives, or by
reviewing medical records of rehospitalization.

Statistical Analyses
Continuous variables with a normal distribution were exhibited as mean + standard deviation and compared using
analysis of variance, continuous variables with a skewed distribution were exhibited as median (interquartile range) and
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compared using Kruskal-Wallis test, categorical variables were described as n (percentage) and compared using chi-
square test.

We used multivariable logistic regression analysis to estimate the odds ratios (OR) and 95% confidence intervals (CI) of in-
hospital mortality according to the quartiles of SIRI and SII and used Cox proportional hazards regression model to estimate
the hazard ratios (HR) and 95% CI of long-term mortality. Multivariate-adjusted model was adjusted for age, sex, systolic
blood pressure (SBP), diastolic blood pressure (DBP), heart rate, HF phenotypes, BMI, hemoglobin, fasting blood glucose
(FBG), low-density lipoprotein cholesterol (LDL-C), high-density lipoprotein cholesterol (HDL-C), triglyceride (TG),
albumin, eGFR, uric acid (UA), N-terminal pro-brain natriuretic peptide (NT-proBNP), medical history of myocardial
infarction, atrial fibrillation, valvular heart disease, hypertension, stroke, peripheral arterial disease, chronic pulmonary
disease, medications for HF (including renin-angiotensin-aldosterone system inhibitors [RAASIi], spironolactone, diuretics,
beta-blockers, digitalis and nitrates), antiplatelet medications (including aspirin, clopidogrel, and ticagrelor), and antic-
oagulant medications (including warfarin, dabigatran, and rivaroxaban). Missing values of covariates were handled by
multiple imputation. The proportional hazard assumption was checked using Schoenfeld residuals. We used restricted cubic
spline to examine the associations of SIRI and SII as the continuous variables with the risks of in-hospital and long-term
mortality. To minimize the potential impact of reverse causation, we conducted a sensitivity analysis excluding patients who
died within six months after discharge. To further examine whether the associations of SIRI and SII with the risk of all-cause
mortality were modified by age, sex, and HF phenotypes, stratified analysis by these factors were performed.

Prognostic values of SIRI, SII, NT-proBNP, and CRP for in-hospital mortality and 3-year mortality were assessed by
area under the curve (AUC) in receiver operating characteristic (ROC) analyses.

All statistical analyses were conducted using SAS version 9.4 (SAS Institute, Cary, North Carolina, USA) and
R software version 4.2.2 (R core team). Two-sided P value <0.05 was considered statistically significant.

Results

Characteristics of the Study Population

In the present study, we identified 10,186 patients with CHF and 3954 patients who met the exclusion criteria were
excluded. A total of 6232 patients were included in the in-hospital mortality analysis (Figure 1). Of these, the mean age
was 62.46+14.22 years, 4281 (68.69%) were men, 97 (1.56%) had in-hospital mortality, and 897 (14.39%) lost to follow-
up. Finally, there were 5238 patients included in the long-term mortality analysis (Figure 1). Patients who lost to follow-
up were younger (mean, 59.80 vs 62.76, P < 0.01), but had comparable SIRI (median, 0.92 vs 0.95, P = 0.69) and SII
(median, 426.56 vs 437.46, P = 0.26) level compared with those who had follow-up information. The baseline
characteristics of the study patients according to quartiles of SIRI are shown in Table 1. Compared with patients in
Quartile 1, patients in Quartile 4 were older and more likely to be men, to have higher SBP, heart rate, LVEF, FBG, UA,
CRP, and NT-proBNP, to have lower BMI, hemoglobin, LDL-C, HDL-C, TG, albumin, and eGFR, to have atrial
fibrillation, hypertension, stroke, and chronic pulmonary disease, to be on diuretics, nitrates, antiplatelet medications,

and anticoagulant medications.

Risk of Outcomes

Of the 6232 study patients, we identified 97 cases of in-hospital mortality (including 71 cases of in-hospital cardiovas-
cular mortality). During the mean 5.01-year follow-up, we documented 1738 cases of long-term mortality (including 936
cases of long-term cardiovascular mortality). As the quartiles of SIRI and SII increased, both the incidences of in-hospital
mortality and long-term mortality in patients with CHF increased (Tables 2 and 3). After adjustment for potential
confounders, patients in the highest quartile of SIRI showed 134% higher risk of in-hospital mortality (OR: 2.34; 95%
CI: 1.164.72) and 45% higher risk of long-term mortality (HR: 1.45; 95% CI: 1.25-1.67) compared with those in the
lowest quartile of SIRI (Table 2), patients in the highest quartile of SII showed 27% higher risk of long-term mortality
(HR: 1.27; 95% CI: 1.11-1.46) compared with those in the lowest quartile of SII (Table 3). Similar results were also

observed in cardiovascular mortality analysis and sensitivity analysis. Furthermore, we observed a dose-response
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A total of 10186 patients with CHF were included
in our study

Patients were excluded (n=3954):

1). patients with missing data on blood counts (n=93)

2). patients with acute inflammation response or low
WBC counts (n=3453)

3). patients with cancer or leukemia (n=173)

4). patients with aplastic anemia ,myelodysplastic
syndrome, or platelet diseases (n=75)

5). patients with autoimmune connective tissue
diseases or oral use of steroids (n=160)

A total of 6232 patients were eligible for the
in-hospital mortality analysis

Patients were excluded (n=994):
1 1). patients with in-hospital mortality (n=97)
2). patients who lost to follow-up (n=897)

A total of 5238 patients were eligible for the
long-term mortality analysis

Figure | Eligibility of the study patients. The flowchart of the eligibility of 6232 patients included in the in-hospital mortality analysis, and 5238 patients included in the long-
term mortality analysis.
Abbreviations: CHF, chronic heart failure; WBC, white blood cell; CRP, C-reactive protein.

relationship of SIRI and SII with the risk of all-cause mortality (P for trend <0.05), which was further supported by the
restricted cubic spline regression analyses (Figure 2).

Stratified Analysis

We did not find significant interactions between SIRI, SII and age, sex, HF phenotypes in relation to the risk of in-hospital
mortality (Online Tables 1 and 2). However, the associations of SIRI and SII with long-term mortality risk appeared to be more
pronounced among patients with older age, relative to those aged younger than 60 years (Online Tables 1 and 2).

Table | Baseline Characteristics of the Patients According to the Quartiles of SIRI

Variables Quartile | Quartile 2 Quartile 3 Quartile 4 P value
N 1553 1558 1556 1565
Age (years) 58.79+13.58 61.63+13.46 63.4314.19 65.97+14.66 <001
Male, No. (%) 933 (60.08) 1056 (67.78) 1136 (73.01) 1156 (73.87) <0.01
BMI (kg/m?) 25.30+4.02 25.39+3.82 25.49+4.04 25.13+4.18 <0.01
SBP (mmHg) 127.60+20.79 129.31£21.78 132.28+22.16 133.71+23.49 <0.01
DBP (mmHg) 75.17x13.46 75.97x13.12 76.55x14.07 76.29+14.49 0.06
Heart rate (beats per minute) 79.20+15.83 79.92+16.75 80.56+17.58 82.95+18.60 <0.01
LVEF (%) 45.65+13.44 44.70+13.20 44.85+13.01 45.96+13.00 <0.01
Hb (g/L) 137.04+19.13 136.12+20.61 134.15£23.03 128.90+25.64 <0.01
FBG (mmol/L) 5.12 (461, 6.15) 529 (4.68, 6.53) 5.34 (471, 6.66) 5.59 (4.85, 6.96) <0.01
(Continued)
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Table | (Continued).
Variables Quartile | Quartile 2 Quartile 3 Quartile 4 P value
LDL-C (mmol/L) 2.49 (1.95, 3.11) 2.35 (1.83, 2.97) 2.29 (1.77, 2.94) 2.23 (1.68, 2.83) <0.01
HDL-C (mmol/L) 1.09+0.31 1.07+0.29 1.06+0.30 1.05+0.33 <0.01
TG (mmol/l) 1.27 (0.92, 1.77) 1.24 (0.92, 1.74) 1.23 (0.89, 1.71) 1.16 (0.84, 1.64) <0.01
Albumin (g/L) 40.60+4.21 40.23+4.18 39.94+4.34 38.75+4.74
eGFR (mL/min/1.73m?) 84.85 (68.21, 96.78) 79.81 (62.21, 93.28) 73.56 (53.38, 89.43) 64.88 (41.54, 85.46) <0.01
UA (umol/L) 365.20 (306.20, 440.00) 381.05 (308.80, 458.90) 390.20 (319.15, 472.90) 408.00 (325.60, 507.70) <0.01
CRP (mg/L) 1.20 (0.98, 2.30) 1.33 (1.00, 3.00) 1.60 (1.00, 3.60) 2.57 (1.00, 5.35)
NT-proBNP (pg/mL) 1147.00 (502.00, 3018.00) 1474.50 (639.58, 3789.60) 1969.00 (778.50, 4938.00) 2920.00 (1227.00, 7426.00) <0.01
Myocardial infarction, No. (%) 506 (32.58) 580 (37.23) 622 (39.97) 620 (39.62) <0.01
Atrial fibrillation, No. (%) 423 (27.24) 426 (27.34) 420 (26.99) 499 (31.88) <001
VHD, No. (%) 378 (24.34) 314 (20.15) 297 (19.09) 286 (18.27) <0.01
Hypertension, No. (%) 801 (51.58) 937 (60.14) 972 (62.47) 1081 (69.07) <0.01
Stroke, No. (%) 221 (14.23) 286 (18.36) 307 (19.73) 368 (23.51) <0.01
PAD, No. (%) 216 (13.91) 218 (13.99) 250 (16.07) 251 (16.04) 0.14
CPD, No. (%) 115 (7.41) 147 (9.44) 158 (10.15) 273 (17.44) <0.01
RAASI, No. (%) 904 (58.21) 936 (60.08) 991 (63.69) 949 (60.64) 0.02
Spironolactone, No. (%) 1081 (69.61) 1096 (70.35) 1084 (69.67) 1092 (69.78) 0.97
Diuretics, No. (%) 1102 (70.96) 1150 (73.81) 1200 (77.12) 1313 (83.90) <0.01
Beta-blockers, No. (%) 1272 (81.91) 1271 (81.58) 1275 (81.94) 1236 (78.98) 0.10
Digitalis, No. (%) 676 (44.53) 691 (44.35) 664 (42.67) 669 (42.75) 0.76
Nitrates, No. (%) 851 (54.80) 980 (62.90) 1054 (67.74) 1092 (69.78) <0.01
Antiplatelet medications, No. (%) 1027 (66.13) 1114 (71.50) 1128 (72.49) 1141 (72.91) <0.01
Anticoagulant medications, No. (%) 398 (25.63) 377 (24.20) 358 (23.01) 333 (21.28) 0.03

Notes: Data was presented as mean + SD, median (25th, 75th percentiles), or percentage.
Abbreviations: BMI, body mass index; CPD, chronic pulmonary disease; CRP, C-reactive protein; DBP, diastolic blood pressure; eGFR, estimated glomerular filtration rate;
FBG, fasting blood glucose; Hb, hemoglobin; HDL-C, high density lipoprotein cholesterol; LDL-C, low density lipoprotein cholesterol; LVEF, left ventricular ejection fraction;
NT-proBNP, N-terminal pro-brain natriuretic peptide; PAD, peripheral arterial disease; RAASI, renin-angiotensin-aldosterone system inhibitors; SBP, systolic blood pressure;
SIRI, system inflammation response index; TG, triglyceride; UA, uric acid; VHD, valvular heart disease.

Table 2 Risk of Mortality in Patients with CHF According to the Quartiles of SIRI

Mortality Risk Quartile Groups of SIRI P-trend
Quartile | Quartile 2 Quartile 3 Quartile 4
(<0.64) (0.64-0.94) (0.95-1.43) (=1.44)
In-hospital mortality, OR (95% CI)
Case/Total 11/1553 10/1558 24/1556 52/1565
Incident rate, % 0.71 0.64 1.54 3.32
Model | | (Reference) 0.91 (0.38-2.14) 2.20 (1.07-4.50) 4.82 (2.50-9.27) <0.01
Model 2 | (Reference) 0.85 (0.36-2.02) 1.99 (0.974.12) 4.15 (2.12-8.09) <0.01
Model 3 | (Reference) 0.75 (0.31-1.78) 1.53 (0.73-3.23) 2.34 (1.16-4.72) <0.01
CV mortality | (Reference) 0.76 (0.29-1.99) 1.36 (0.58-3.16) 2.38 (1.08-5.23) <0.01
Long-term mortality, HR (95% CI)
Case/Total 326/1315 378/1306 466/1332 568/1285
Incident rate, per 1000-person year 44.67 54.40 72.42 102.08
Model | | (Reference) 1.22 (1.05-1.41) 1.62 (1.41-1.87) 2.28 (1.99-2.61) <0.01
Model 2 | (Reference) 1.12 (0.96—1.30) 1.40 (1.21-1.61) 1.90 (1.65-2.18) <0.01
Model 3 | (Reference) 1.05 (0.90-1.22) 1.21 (1.05-1.41) 1.45 (1.25-1.67) <0.01
CV mortality | (Reference) 1.07 (0.87-1.31) 1.24 (1.02-1.51) 1.59 (1.30-1.93) <0.01
Sensitivity analysis | (Reference) 1.05 (0.90-1.23) 1.19 (1.02—-1.39) 1.39 (1.20-1.62) <0.01

Notes: Model | was non-adjusted model. Model 2 was adjusted for age and sex. Model 3 was further adjusted for SBP, DBP, heart rate, HF phenotypes, BMI, hemoglobin,
FBG, LDL-C, HDL-C, TG, albumin, eGFR, UA, NT-proBNP, medical history of myocardial infarction, atrial fibrillation, valvular heart disease, hypertension, stroke,
peripheral arterial disease, chronic pulmonary disease, and medication use of RAASi, spironolactone, diuretics, beta-blockers, digitalis, nitrates, antiplatelet medications

and anticoagulant medications.

Abbreviations: CHF, chronic heart failure; Cl, confidence interval; CV, cardiovascular; HR, hazard ratio; OR, odds ratio; SIRI, system inflammation response index.
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Table 3 Risk of Mortality in Patients with CHF According to the Quartiles of Sl

Quartile Groups of SlI P-trend
Mortality Risk Quartile 1 Quartile 2 Quartile 3 Quartile 4
(<309.80) (309.80-437.45) (437.46-644.90) (=644.91)
In-hospital mortality, OR (95% CI)
Case/Total 18/1558 12/1558 22/1558 45/1558
Incident rate, % 1.52 .16 1.74 4.52
Model | | (Reference) 0.66 (0.32-1.38) 1.23 (0.66-2.29) 2.55 (1.47-4.42) <0.01
Model 2 | (Reference) 0.64 (0.31-1.34) 1.14 (0.61-2.15) 2.20 (1.26-3.84) <0.01
Model 3 | (Reference) 0.64 (0.30-1.36) 0.97 (0.50-1.86) 1.51 (0.83-2.73) 0.05
CV mortality | (Reference) 0.70 (0.32-1.56) 0.88 (0.42-1.84) 1.28 (0.65-2.52) 0.31
Long-term mortality, HR (95% CI)
Case/Total 368/1305 393/1314 446/1322 531/1297
Incident rate, per 1000-person year 51.46 57.63 69.00 91.59
Model | | (Reference) 1.12 (0.97-1.29) 1.34 (1.17-1.54) 1.78 (1.55-2.03) <0.01
Model 2 | (Reference) 1.07 (0.93-1.23) 1.25 (1.09-1.44) 1.57 (1.38-1.80) <0.01
Model 3 | (Reference) 1.04 (0.90-1.20) 1.15 (1.00-1.32) 1.27 (1.11-1.46) <0.01
CV mortality | (Reference) 1.15 (0.95-1.40) 1.29 (1.07-1.57) 141 (1.16-1.71) <0.01
Sensitivity analysis | (Reference) 1.02 (0.88-1.18) 1.13 (0.97-1.30) 1.21 (1.05-1.40) <0.01

Notes: Model | was non-adjusted model. Model 2 was adjusted for age and sex. Model 3 was further adjusted for SBP, DBP, heart rate, HF phenotypes, BMI,
hemoglobin, FBG, LDL-C, HDL-C, TG, albumin, eGFR, UA, NT-proBNP, medical history of myocardial infarction, atrial fibrillation, valvular heart disease,
hypertension, stroke, peripheral arterial disease, chronic pulmonary disease, and medication use of RAASi, spironolactone, diuretics, beta-blockers, digitalis, nitrates,
antiplatelet medications, and anticoagulant medications.

Abbreviations: CHF, chronic heart failure; Cl, confidence interval; CV, cardiovascular; HR, hazard ratio; OR, odds ratio; SlI, systemic immune inflammation index.

ROC Analysis

Among 6232 study patients, 5066 had CRP data and were included in the ROC analyses. In the ROC analysis of in-
hospital mortality (Figure 3A), the prognostic discrimination of SIRI was comparable to that of NT-proBNP (AUC, 69.39
vs 69.88, P = 0.90), but was larger than those of SII (AUC, 69.39 vs 63.16, P < 0.01) and CRP (AUC, 69.39 vs 60.91,
P =0.01); in the ROC analysis of 3-year mortality (Figure 3B), the prognostic discrimination of SIRI was smaller than
that of NT-proBNP (AUC, 61.82 vs 70.40, P < 0.01), but was larger than those of SII (AUC, 61.82 vs 59.03, P < 0.01)
and CRP (AUC, 61.82 vs 58.67, P = 0.03). SII showed similar prognostic discrimination with CRP in both in-hospital
mortality (AUC, 63.16 vs 60.91, P = 0.55) and 3-year mortality (AUC, 59.03 vs 58.67, P = 0.80) (Figure 3).

Discussion
In this large-scale retrospective cohort study, we found that SIRI and SII were associated with the risks of both in-
hospital mortality and long-term mortality in patients with CHF. These findings remained consistent in cardiovascular
mortality analysis and sensitivity analysis. The significant associations of SIRI and SII with long-term mortality risk were
observed to be more evident in patients aged >60 years compared with those aged <60 years. Moreover, according to the
ROC analyses, SIRI had a similar prognostic value in predicting in-hospital mortality compared with NT-proBNP and
had a higher prognostic value in predicting both in-hospital mortality and 3-year mortality compared with CRP.
Several studies have sought to investigate the associations of SIRI and SII with the prognosis of CHF. Findings from
Medical Information Mart data for Intensive Care-III database showed that the risk of all-cause mortality rose with
increasing SIRI'” and SII.'®'” However, these former studies only explored the outcome of short-term all-cause mortality
and lacked data on cardiovascular mortality, while we had an average 5.01-year follow-up and examined the associations
of SIRI and SII with both all-cause mortality and cardiovascular mortality. Moreover, the study design of these studies
only included HF patients underwent critical care, which overlooked the SIRI/SII-mortality associations in CHF patients
of general wards. Thus, the study patients in our study might be more representative. Additionally, Wang et al*° found
that elevated SII was significantly associated with higher risk of all-cause mortality and major cardiovascular adverse
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Figure 2 Restricted cubic spline regression analyses for the association of SIRI and Sl with the mortality risk in patients with CHF. Odds ratios and 95% confidence intervals
for SIRI (A) and SlI (C) with in-hospital mortality and hazard ratios and 95% confidence intervals for SIRI (B) and SIl (D) with long-term mortality by using restricted cubic
spline regression with five knots placed at the 5th, 25th, 50th, 75th and 95th percentiles of SIRI and SII. The red solid line represented the odds ratio or hazard ratio, and the
black dashed lines represented 95% confidence interval.

Abbreviations: CHF, chronic heart failure; Sll, systemic immune inflammation index; SIRI, systemic inflammation response index.
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Figure 3 Receiver operating characteristic curves and AUCs (95% confidence interval) of SIRI, SI, NT-proBNP, and CRP as predictors for in-hospital mortality (A) and
3-year mortality (B).

Abbreviations: AUC, area under the curves; CRP, C-reactive protein; NT-proBNP, N-terminal pro-brain natriuretic peptide; Sll, systemic immune inflammation index;
SIRI, systemic inflammation response index.
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events in patients with CHF and renal dysfunction, but the findings may not be generalized to general patients with CHF.
None of these studies compared the prognostic value between SIRI, SII, and traditional prognostic markers, while we
conducted ROC analyses among SIRI, SII, NT-proBNP, and CRP, and showed the superiority of SIRI as an inflammation
marker in predicting mortality in patients with CHF. Taken together, our study comprehensively evaluated the relations of
SIRI and SII with in-hospital and long-term mortality in a well-characterized CHF cohort, and provided further evidence
that novel systemic inflammation biomarkers are of great value in predicting outcomes in patients with CHF and deserve
prospective evaluation.

Inflammation has been demonstrated to be a key contributor in the development and deterioration of HE.2'** SIRI
and SII, calculated by the counts of neutrophil, lymphocyte, monocyte, and platelet, have been previously reported that
could reflect the systemic inflammation response of the body.>> >’ The underlying mechanisms of our findings are as
follows. The release of various anti-inflammation cytokines could trigger immune suppression, leading to lymphocyte
apoptosis.”® A study had shown that in patients with HF, patients with lower absolute lymphocyte counts had a higher
risk of mortality.?® Another study found that neutrophil counts reflected the degree of deterioration of systemic
inflammation response, and higher neutrophil counts indicated more severe myocardial damage, poorer left ventricular
function, and poorer prognosis.’® Additionally, several studies have demonstrated that monocyte and platelet play an
important role in the association between inflammation and CHF outcomes. Activated monocytes differentiate into
macrophages and trigger the release of various inflammatory cytokines.>' Monocytes participate in the inflammatory
response in myocardial damage and mediate cells apoptosis and necrosis, inflammation and immune cells activation,
cardiomyocyte hypertrophy and myocardial interstitial fibrosis.** Increased platelet counts might be a consequence of
megakaryocyte proliferation stimulated by pro-inflammation cytokines, thereby reflecting inflammation activation.*
Meanwhile, increased platelet activity might be related to elevation of cytosolic-free calcium concentrations, elevated
tumor necrosis factor, and enhanced sympathoadrenal activation and catecholamine release in patients with HF.**

Our study provides robust evidence that SIRI and SII are strong predictors of in-hospital mortality and long-term
mortality in patients with CHF. These findings demonstrate that SIRI and SII could serve as readily available inflamma-
tion biomarkers in the risk assessment of patients with CHF and as alternative indicators when traditional inflammation
biomarkers (eg, CRP) were not available. The results of our study also support the effort to highlight the assessment of
SIRI and SII in future policies for CHF and provide further therapeutic target to improve the prognosis. The management
of SIRI and SII and its beneficial effect on CHF outcomes deserves further exploration.

Strengths and Limitations

Our study has several strengths. We conducted this study in a large-scale multi-center retrospective cohort, and put great
emphasis on data quality. The selection and review of patients with CHF were conducted by physicians following
standard protocol, which avoided potential information bias. Additionally, we included wide spectrum of baseline
characteristics in multivariable analysis to reduce the confounding of these factors. However, there are still several
limitations in our study. First, the observational design of our study cannot determine causality. The effect of SIRI and SII
on CHF outcomes still need to be confirmed in future randomized clinical trial. Second, the blood counts test was
conducted only at baseline and lack of long-term assessment. The dynamic change of SIRI and SII may further modify
their associations with CHF outcomes. Third, the patients of our study were only enrolled from China, thus the findings
of our study may not be completely generalized to other regions. Fourth, 14.52% of the study patients lost to long-term
follow-up, which may introduce bias into the results. However, the SIRI and SII levels between those who were included
in the long-term mortality analysis and those who lost to follow-up were comparable. Therefore, we believe that the bias
could be small. Fifth, 18.71% of the study patients were lack of data on CRP and were not included in the ROC analyses.
The results may need to be further confirmed by prospective studies.

Conclusion

In conclusion, increased SIRI and SII were significantly associated with higher risks of in-hospital mortality and long-
term mortality in patients with CHF. These associations persisted after adjusting for various confounding factors and the
associations with long-term mortality were more evident in patients aged >60 years. SIRI had a similar prognostic
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discrimination with NT-proBNP in predicting in-hospital mortality and had a higher prognostic value than CRP in both
in-hospital mortality and 3-year mortality predictions. Our findings highlight the value of SIRI and SII in inflammation
assessment, and emphasize the importance of SIRI and SII in the outcome prediction of patients with CHF.
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