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Background: Atherosclerosis and cardiovascular diseases are significantly
affected by low-grade chronic inflammation. As a new inflammatory marker,
the systemic inflammation response index (SIRI) has been demonstrated to be
associated with several cardiovascular disease prognoses. This study aimed to
investigate the prognostic impact of SIRI in individuals having ischemic heart
failure (IHF) following percutaneous coronary intervention (PCI).

Methods: This observational, retrospective cohort study was conducted at a
single site. Finally, the research involved 1,963 individuals with IHF who
underwent PCI, with a 36-month follow-up duration. Based on the SIRI
quartiles, all patients were classified into four groups. Major adverse
cardiovascular events (MACEs) were the primary outcomes. Every element of
the main endpoint appeared in the secondary endpoints: all-cause mortality,
non-fatal myocardial infarction (MI), and any revascularization. Kaplan—Meier
survival analysis was conducted to assess the incidence of endpoints across the
four groups. Multivariate Cox proportional hazards analysis confirmed the
independent impact of SIRI on both the primary and secondary endpoints. The
restricted cubic spline (RCS) was used to assess the nonlinear association
between the SIRI and endpoints. Subgroup analysis was performed to confirm
the implications of SIRI on MACE in the different subgroups.

Results: The main outcome was much more common in patients with a higher
SIRI. The Kaplan—Meier curve was another tool that was used to confirm the
favorable connection between SIRI and MACE. SIRI was individually connected to
a higher chance of the main outcome according to multivariate analyses,
whether or not SIRI was a constant [SIRI, per one—unit increase, hazard ratio
(HR) 1.04, 95% confidence interval (95% Cl) 1.01-1.07, p = 0.003] or categorical
variable [quartile of SIRI, the HR (95% CI) values for quartile 4 were 1.88 (1.47—-
2.42), p <0.001, with quartile 1 as a reference]. RCS demonstrated that the hazard
of the primary and secondary endpoints generally increased as SIRI increased. A
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non-linear association of SIRI with the risk of MACE and any revascularization
(Non-linear P <0.001) was observed. Subgroup analysis confirmed the increased
risk of MACE with elevated SIRI in New York Heart Association (NYHA) class IlI-1V
(P for interaction = 0.005).

Conclusion: In patients with IHF undergoing PClI, increased SIRI was a risk factor
for MACE independent of other factors. SIRI may represent a novel, promising,
and low-grade inflammatory marker for the prognosis of patients with IHF

undergoing PCI.

KEYWORDS

ischemic heart failure, systemic inflammation response index, percutaneous coronary
intervention, prognosis, MACE

1 Introduction

Heart failure (HF) is a multifaceted syndromewith significant
mortality and hospitalization rates (1). Ischemic heart disease
(IHD) is one of the main factors that induce HF. The main
reason is that obstructive atherosclerotic plaques of the coronary
artery lead to a reduction of coronary artery blood flow, resulting in
myocardial ischemia and cell apoptosis (2, 3). Although the
prevention and treatment of ischemic heart failure (IHF) has
been optimized over the past few years, they still place a huge
burden on society and families (4-6). Therefore, it is important to
explore relevant prognostic risk factors, especially simple and easily
available risk factors, to guide diagnosis and treatment and improve
outcomes in patients with THF.

In recent decades, a large number of studies have confirmed the
effect of low-grade inflammation on atherosclerotic formation and
thrombosis, as well as the two-way effect of inflammation and various
cardiovascular risk factors (7-9). White blood cells are immune cells
that play essential roles in inflammatory disorders (10). Previous
studies have shown that the components of white blood cells,
including neutrophils, monocytes, and lymphocytes, are reliable
biomarkers of systemic inflammation related to a higher potential
for cardiovascular illness (11-16). Neutrophils have a significant
impact on the inflammatory response of atherosclerosis because
they can emit large quantities of inflammatory mediators,
chemotactic agents, and anaerobic radicals that cause endothelial
cell destruction and consequent tissue ischemia (17-22). Simulation
of monocytes and their conversion into lipid-filled macrophages is a
fundamental process in atherosclerotic lesion formation (23). In
contrast, inflammation is regulated by lymphocytes, which may
inhibit atherosclerosis (24, 25).

The systemic inflammation response index (SIRI) is calculated
by monocyte, neutrophil, and lymphocyte counts and has emerged
as a novel and reliable indicator of chronic low-grade inflammation
(26, 27). Previous studies have shown that SIRI is closelyassociated
with the prognosis of a variety of cardiovascular diseases, such as
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ischemic stroke and acute coronary syndrome (ACS) (28-31).
However, there have been no studies on the correlation between
SIRI and patients’ prospects for recovery from IHF after PCI.
Therefore, in this study, we investigated the association between
SIRI and prognosis in patients with THF receiving PCI treatment.

2 Method
2.1 Study population

This research was an exploratory, retrospective cohort
investigation conducted at a single site, and we collected data on
patients with IHF who underwent selected PCI at Beijing Anzhen
Hospital between June 2017 and June 2019. The following criteria
were used to determine whether a patient was diagnosed with IHF:
(1) HF diagnosis according to ICD (International Classification of
Diseases) 10th revision (details can be found in the Supplementary
Material) and (2) MVD (concomitant multivessel disease: left main
artery disease or coronary artery stenosis >50% in >2 vessels) (32).
This cohort included 3,161 patients with IHF who underwent
elective PCI at our cardiovascular center. The exclusion criteria
were as follows: (1) lost to follow-up; (2) history of coronary artery
bypass grafting (CABG); (3) any form of tumor compromising
long-term survival; (4) left ventricular ejection fraction (LVEF)
>50%; (5) neutrophils, lymphocytes, and monocytes lacking data;
(6) acute myocardial infarction (AMI); and (7) autoimmune disease
and pneumonia that may affect white blood cell counts. Finally,
1,963 patients were included in the final study (Figure 1).

2.2 Data collection and definitions
Demographics, vital signs, New York Heart Association

(NYHA) class, diagnosis, comorbidities, history, laboratory
parameters, echocardiography, medication use, angiographic data,
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3161 Adult patients with heart failure and
concomitant MVD (coronary artery
stenosis >50% in > 2 vessels or left main)

Exclude patients who were lost to follow-
i up(139 excluded)

Exclude patients with a history of CABG
(68 excluded)

Exclude patients with any kind of cancer
" affecting long-term survival (36 excluded)

Exclude patients with LVEF > 50%
(537 excluded)

Exclude neutrophil, lymphocyte and
monocyte data missing(159 excluded)

Exclude patients with acute myocardial
infarction (236 excluded)

Exclude patients with autoimmune disease
or pneumonia (23 excluded)

Enrolled 1963 patients
(MACE: 651; no-MACE: 1312)

FIGURE 1

Flow chart of study population. MVD, multivessel disease; CABG,
coronary artery bypass grafting; LVEF, left ventricular ejection
fraction; MACE, major adverse cardiovascular events.

results of the procedure, and procedural complications were
obtained from the electronic medical record system at the Beijing
Anzhen Hospital (Supplementary Material contains further
information). Clinical research coordinators (CRCs) were
responsible for accurately inputting these data into an Electronic
Data Capture (EDC) system. A minimum of two skilled
cardiologists examined the angiographic data. The Supplementary
Material contains information on the specifics of coronary lesion
features. The taxus and cardiac surgery (SYNTAX) score algorithm
was used to determine the SYNTAX score (www.syntaxscore.com).

2.3 Follow-up

Following baseline PCI, patients underwent regular follow-up
evaluations at 3, 6, 9, and 12 months, as well as at intervals of 24 and
36 months by trained healthcare professionals. Major adverse
cardiovascular events (MACEs) and medication information were
obtained through patient or family visits to the outpatient office or
telephone surveys. Under the guidance of professional physicians,
CRCs were tasked with overseeing this follow-up process.

MACEs were defined as all-cause mortality, non-fatal
myocardial infarction (MI), and any revascularization. The fourth
universal definition of MI (2018) was used to define it (33).
Coronary revascularization from any cause is the standard
definition of revascularization.

2.4 Grouping and endpoints

SIRI was determined using the following formula: SIRI was
defined as (neutrophils = monocytes)/lymphocytes (34). Patients
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were divided into four groups according to SIRI quartiles (Quartile
1 [SIRI <0.7944], Quartile 2 [0.7944 <SIRI <1.2150], Quartile 3
[1.2150 <SIRI <2.0730], and Quartile 4 [SIRI>2.0730]). MACE
served as the primary outcome, and each of its components
served as the secondary outcome.

During the follow-up period, if several adverse outcomes
occurred, the most serious adverse outcomes (all-cause mortality
> non-fatal MI > any revascularization) were included in the
analysis. In cases of multiple occurrences, only the initial instance
was analyzed. The study continued until June 2022.

2.5 Statistical analysis

For continuously distributed data with a normal distribution
and reported as mean + standard deviation (SD), the ANOVA test
was employed to compare the performance of the two groups.
Median and interquartile range (IQR) were used to portray skewed
variables and Kruskal-Wallis tests were used for comparison
between groups. Categorical variables were expressed as numbers
(percentages) and analyzed using the chi-squared test.

The independent impact of SIRI on outcomes was examined
using multivariable Cox proportional hazard models. A hazard ratio
(HR) and 95% confidence interval (CI) were shown as the results.
Variables in the multivariate regression models were selected using
univariate analysis. Multivariate Cox proportional hazard models
considered variables with P <0.05 in the univariate analysis.
Quartile 1 of SIRI served as the reference group. No variables
were included in model I. In model II, age and sex were considered.
In model III, age, sex, heart rate, body mass index, NYHA class,
prior PCI, lymphocyte count, fasting blood glucose (FBG), albumin,
total cholesterol (TC), estimated glomerular filtration rate (eGFR),
high-density lipoprotein cholesterol (HDL-C), low-density
lipoprotein cholesterol(LDL-C), potassium, uric acid, hs-CRP, left
ventricular end-systolic diameter (LVDs), LVEF, angiotensin
receptor blocker (ARB), sacubitril valsartan, left main artery (LM)
disease, chronic total occlusion, diffuse lesion, in-stent restenosis,
SYNTAX score, and the target vessel of LM were incorporated. The
incidence of endpoints among the four SIRI quartiles was evaluated
using Kaplan-Meier survival analysis and the log-rank test. The
restricted cubic spline (RCS) model was used to analyze the
nonlinear associations between SIRI and MACE, all-cause
mortality, non-fatal myocardial infarction (MI), and any
revascularization. The RCS model variables were in line with
those of model III. Four knots were selected for analysis based on
the Akaike information criterion’s lowest value for the number
of knots.

The univariate Cox proportional hazard model was used in the
subgroup analysis to investigate the correlation between SIRI and
MACE in different subgroups. The P-value for the interaction was
computed, and a forest plot was generated.

Stata version 15.0 software (4905 Lakeway Drive, College Station,
Texas 77845 USA) and R software (R-project
Statistical Computing, Vienna, Austria, ver. 4.2.1) were used for

®; R Foundation for

statistical analysis. Statistical significance was set at P <0.05.
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3 Result
3.1 Patient characteristics

The median (IQR) SIRI level was 1.215 (range, 0.794-2.073). A
total of 1,623 men and 340 women participated in the study. As SIRI
quartiles increased, age, white blood cells, neutrophils, mononuclear
cells, platelets, FBG, alanine transaminase (ALT), aspartate
transaminase (AST), blood nitrogen urea, TC, LDL-C, B-
natriuretic peptide (BNP), and hs-CRP values increased
significantly; however, systolic blood pressure, lymphocytes,
albumin, left atrial diameter, LVDs, left ventricular end-diastolic
diameter (LVDd), and LVEF values decreased significantly. Patients
in higher quartiles of SIRI presented with more male
hypercholesterolemia but less prior MI. Patients in the higher
SIRI quartiles received less aspirin and clopidogrel, and more
ticagrelor, ezetimibe, beta-blockers, diuretics, loop diuretics,
spironolactone, and tovaputan treatment (Table 1).

3.2 SIRl and endpoints

As shown in Table 2, during follow-up, 651 (33.2%) events were
documented, including 311 (15.8%) all-cause mortality, 64 (3.3%)
non-fatal MI, and 276 (14.1%) any revascularization. As the SIRI

TABLE 1 Characteristics of patients stratified by SIRI quartiles.

10.3389/fimmu.2024.1324890

quartiles increased, the incidence of MACE (P <0.001), all-cause
mortality (P = 0.005), and any revascularization (P <0.001)
significantly increased. However, no significant difference in non-
fatal MI (P = 0.372) was observed among the four groups.

In Figure 2, Kaplan-Meier curves for MACE, all-cause
mortality, non-fatal MI, and any revascularization stratified by
quartiles of SIRI showed that patients with higher SIRI quartiles
had a higher incidence of MACE (Log-rank p <0.001), all-cause
mortality (Log-rank p <0.001), and any revascularization (log-rank
p <0.001). However, no statistically significant difference in non-
fatal MI was observed among four SIRI quartiles (log-rank
p = 0.204).

The independent impact of SIRI on outcomes was confirmed
using Cox proportional hazard models. In Model I, no variable was
adjusted; as SIRI quartiles increased, the risk of MACE, all-cause
mortality, and any revascularization significantly increased. In
Model 1II, after correcting for age and sex, the outcomes agreed
with those of Model I. In Model III, other potential confounding
factors were included, and increased SIRI quartiles remained
independently linked to a higher risk of developing MACE
(Quartile 4 versus Quartile 1: HR, 95% CI: 1.88, 1.47-2.42, P
<0.001, P for trend <0.001), all-cause mortality (Quartile 4 versus
Quartile 1: HR, 95% CI: 1.61, 1.13-2.28, P = 0.008, P for trend =
0.010), and any revascularization (Quartile 4 versus Quartile 1: HR,
95% CI: 2.48, 1.66-3.70, P <0.001, P for trend <0.001) in patients

Quartiles of SIRI

Characteristics el ; ; ; ; P-value
(n = 1,963) Quartile 1 Quartile 2 Quartile 3 Quartile 4
(n = 491) (n = 491) (n = 491) (n = 490)
Age (years) 60.2 £ 11.0 58.7 £ 11.1 60.2 + 10.4 60.5 + 10.5 61.5+ 11.7 0.001
Sex, n (%) 0.001
Male 1,623 (82.7) 386 (78.6) 397 (80.9) 420 (85.5) 420 (85.7)
Female 340 (17.3) 105 (21.4) 94 (19.1) 71 (14.5) 70 (14.3)
Vital signs
Systolic blood pressure (mmHg) 121.7 + 182 1228 +17.5 1231 +17.2 121.7 £ 19.5 119.3 +18.3 0.004
Diastolic blood pressure (mmHg) 734 +12.1 74.0 £ 11.2 737 £ 11.7 73.1+134 72.8 +12.1 0.432
Heart rate (beats/min) 73.7 £ 11.0 733 +99 729 £ 11.9 74.3 +£10.9 743 £ 11.0 0.107
Body mass index (kg/m?) 264 + 8.1 265+ 6.9 26.8 8.0 25672 26.5+98 0.122
NYHA class, n (%) 0.609
I 217 (11.1) 53 (10.8) 62 (12.6) 49 (10.0) 53 (10.8)
Il 1,027 (52.3) 275 (56.0) 244 (49.7) 254 (51.7) 254 (51.8)
I 652 (33.2) 150 (30.5) 169 (34.4) 171 (34.8) 162 (33.1)
v 67 (3.4) 13 (2.6) 16 (3.3) 17 (3.5) 21 (4.3)
Diagnosis, n (%) 0.913
Stable angina 425 (21.7) 110 (22.4) 102 (20.8) 109 (22.2) 104 (21.2)
Unstable angina 1,538 (78.4) 381 (77.6) 389 (79.2) 382 (77.8) 386 (78.8)
(Continued)
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TABLE 1 Continued

Characteristics

Comorbidities, n (%)

Total

(n =1,963)

Quartile 1
(n = 491)

Quartiles of SIRI

Quartile 2
(n = 491)

Quartile 3
(n = 491)

Quartile 4

(n = 490)

10.3389/fimmu.2024.1324890

Atrial fibrillation 80 (4.1) 15 (3.1) 22 (4.5) 14 (2.9) 29 (5.9) 0.054
Hypertension 1,124 (57.3) 282 (57.4) 274 (55.8) 291 (59.3) 277 (56.5) 0.718
Diabetes 766 (39.0) 192 (39.1) 210 (42.8) 202 (41.1) 162 (33.1) 0.011
Hypercholesterolemia 1,430 (72.8) 330 (67.2) 352 (71.7) 359 (73.1) 389 (79.4) <0.001
‘ History, n (%)
Prior stroke 176 (9.0) 46 (9.4) 37 (7.5) 55 (11.2) 38 (7.8) 0.157
Prior MI 479 (24.4) 167 (34.0) 127 (25.9) 110 (22.4) 75 (15.3) <0.001
Prior PCI 214 (10.9) 47 (9.6) 49 (10.0) 53 (10.8) 65 (13.3) 0.246
‘ Laboratory parameters
White blood cell (IOQ/L) 8.0+28 62+15 71+15 79+ 1.7 10.7 £3.7 <0.001
Neutrophil (IOQ/L) 55+27 37+1.1 45+ 1.1 55+13 84 +34 <0.001
Mononuclear cell (10°/L) 0.5+02 03 +0.1 0.4 +0.1 0.5+0.1 0.7 £0.3 <0.001
Lymphocyte (10°/L) 1.8 + 0.6 2.0+0.6 1.9 + 0.6 1.8 £ 0.6 1.5+ 0.6 <0.001
Red blood cell (10°/L) 4.5+ 0.6 4.5+05 4.5+ 0.5 4.5+ 0.6 4.5+ 0.7 0.561
Platelet (109/L) 2224 + 64.8 210.3 £ 62.5 221.2 +60.3 227.2 + 67.8 230.8 + 66.5 <0.001
Hemoglobin (g/L) 138.7 + 18.1 1392 +17.1 1395+ 173 138.0 £ 18.0 138.0 £ 20.0 0.428
FBG (mmol/L) 7.3+3.0 69 +2.7 72+29 7.1+3.0 7.8 +32 <0.001
Triglyceride (mmol/L) 1.7 £ 1.1 1.8+ 1.1 1.7 £ 1.1 1.7+ 1.1 1.68 + 1.0 0.765
ALT (U/L) 25 (17,40) 22 (15,32) 25 (17,33) 25 (16,38) 33.5 (23,62) <0.001
AST (U/L) 23 (18,37) 21 (17,26) 21 (17,29) 23 (17,34) 43 (21,174) <0.001
Albumin (g/L) 41.6 + 3.9 42.6 + 3.7 42.1 £ 3.6 41.6 +3.7 402 + 4.2 <0.001
Creatinine (umol/L) 86.6 = 65.0 80.8 £ 33.5 83.6 £ 52.7 89.5 +70.9 92.4 + 89.1 0.019
Blood nitrogen urea (mmol/L) 6.5+29 6.2 +23 6.4 +24 6.4 +3.1 6.9 +3.7 <0.001
eGFR (ml/min/1.73 m?) 88.0 +20.7 89.9 + 19.6 88.4 +19.4 87.6 +21.3 86.0 + 22.1 0.031
TC (mmol/L) 4.1+ 1.1 4.0 + 1.0 39+09 4.1 +1.1 44+12 <0.001
LDL-C (mmol/L) 24 %09 23+08 23+08 24+09 27 +1.0 <0.001
HDL-C (mmol/L) 1.0+0.2 1.0+0.2 1.0 +0.2 1.0 +£0.2 1.0+03 0.060
Sodium (mmol/L) 139.0 + 3.0 139.2 + 3.0 139.1 +2.8 1393 £ 2.8 1385+ 3.4 <0.001
Potassium (mmol/L) 4.2+ 05 42 +04 4.2+ 04 4.2 +£0.5 4.1+05 0.108
Uric acid (umol/L) 369.4 + 97.8 369.0 + 95.7 370.3 + 94.0 366.2 + 99.5 372.1 £102.1 0.819
HbAlc (%) 6.8+ 1.4 6.7 +13 70+ 15 6.8 + 1.4 6.7 + 1.4 0.021
BNP (pg/ml) 336 (149, 485) 271 (108, 450) 313 (140, 452) 346 (153, 507) 379 (211, 544) <0.001
hs-CRP(mg/L) 2.57 (0.92, 7.86) 1.26 (0.56, 3.03) 2.09 (0.84, 4.19) 2.57 (0.88, 8.62) 7.19 (2.57, 20) <0.001
Echocardiography
Left atrial diameter (mm) 392 £52 39.6 £ 5.2 39.6 £5.3 39.2 +48 38.5+5.3 0.004
LVDs (mm) 412 + 8.1 428 £82 42.1+83 408 £ 7.5 392+79 <0.001
(Continued)
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TABLE 1 Continued

Quartiles of SIRI

Total

Characteristics (n = 1,963) Quartile 1 Quartile 2 Quartile 3 Quartile 4  P-value
(n = 491) (n = 491) (n = 491) (n = 490)
Echocardiography
LVDd (mm) 54.8 +7.2 56.4 + 7.3 55.6 + 7.3 54.6 + 6.6 528 +7.2 <0.001
LVEF (%) 404 + 65 40.7 £ 6.2 404 + 64 41.0 £ 6.0 394 +7.4 0.001
Medication use, n (%)
Aspirin 1,956 (99.6) 491 (100.0) 490 (99.8) 486 (99.0) 489 (99.8) 0.038
Clopidogrel 1,582 (80.6) 430 (87.6) 400 (81.5) 402 (81.9) 350 (71.4) <0.001
Ticagrelor 380 (19.4) 61 (12.4) 91 (18.5) 89 (18.1) 139 (28.4) <0.001
Statins 1,949 (99.3) 490 (99.8) 488 (99.4) 487 (99.2) 484 (98.8) 0.289
Ezetimibe 466 (23.7) 95 (19.3) 108 (22.0) 133 (27.1) 130 (26.5) 0.011
Oral anticoagulants 82 (4.2) 17 (3.5) 19 (3.9) 18 (3.7) 28 (5.7) 0.266
Warfarin 37 (1.9) 5 (1.0) 8 (1.6) 8 (1.6) 16 (3.3) 0.060
Factor Xa inhibitors 29 (1.5) 7 (1.4) 9 (1.8) 6 (1.2) 7 (1.4) 0.882
Factor Ila inhibitors 16 (0.8) 5 (1.0) 2(0.4) 4(0.8) 5 (1.0) 0.679
CCB 239 (12.2) 62 (12.6) 52 (10.6) 74 (15.1) 51 (10.4) 0.089
Beta-blockers 1,186 (60.4) 296 (60.3) 272 (55.4) 306 (62.3) 312 (63.7) 0.044
ACEI 171 (8.7) 40 (8.1) 32 (6.5) 45 (9.2) 54 (11.0) 0.087
ARB 221 (11.3) 48 (9.8) 65 (13.2) 54 (11.0) 54 (11.0) 0.381
Diuretics 1,314 (66.9) 321 (65.4) 303 (61.7) 326 (66.4) 364 (74.3) <0.001
Loop diuretics 1,132 (57.7) 262 (53.4) 263 (53.6) 283 (57.6) 324 (66.1) <0.001
Thiazine diuretics 100 (5.1) 30 (6.1) 25 (5.1) 21 (4.3) 24 (4.9) 0.623
Spironolactone 930 (47.4) 234 (47.7) 202 (41.1) 244 (49.7) 250 (51.0) 0.010
Tovaputan 66 (3.4) 12 (2.4) 9 (1.8) 13 (2.6) 32 (6.5) <0.001
Sacubitril valsartan 646 (32.9) 160 (32.6) 146 (29.7) 169 (34.4) 171 (34.9) 0.302
Metformin 194 (9.9) 40 (8.1) 52 (10.6) 54 (11.0) 48 (9.8) 0.453
Alpha—glucosidase inhibitor 147 (7.5) 27 (5.5) 39 (7.9) 45 (9.2) 36 (7.3) 0.175
Sulfonylurea 42 (2.1) 13 (2.6) 13 (2.6) 10 (2.0) 6 (1.2) 0.362
Insulin 442 (22.5) 113 (23.0) 110 (22.4) 103 (21.0) 116 (23.7) 0.773
Angiographic data
LM disease, n (%) 360 (18.3) 86 (17.5) 90 (18.3) 91 (18.5) 93 (19.0) 0.947
Three—vessel disease, n (%) 1,111 (56.6) 270 (55.0) 265 (54.0) 287 (58.5) 289 (59.0) 0.100
Chronic total occlusion, n (%) 541 (27.6) 134 (27.3) 134 (27.3) 135 (27.5) 138 (28.2) 0.989
Diffuse lesion, n (%) 385 (19.6) 104 (21.2) 106 (21.6) 85 (17.3) 90 (18.4) 0.250
In-stent restenosis, n (%) 82 (4.2) 20 (4.1) 15 (3.1) 21 (4.3) 26 (5.3) 0.372
SYNTAX score 219 + 7.8 21.8+7.8 217 +7.8 21.8+7.9 222+7.6 0.741
Procedural results
Target vessel territory, n (%)
LM 327 (16.7) 80 (16.3) 78 (15.9) 83 (16.9) 86 (17.6) 0.905
(Continued)
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TABLE 1 Continued

Quartiles of SIRI

Characteristics (n Ic;_fglszs) Quartile 1 Quartile 2 Quartile 3 Quartile 4
(n = 491) (n = 491) (n = 491) (n = 490)
Target vessel territory, n (%)
LAD 1,475 (75.1) 376 (76.6) 364 (74.1) 356 (72.5) 379 (77.3) 0.271
LCX 1,258 (64.1) 310 (63.1) 317 (64.6) 311 (63.3) 320 (65.3) 0.879
RCA 1,361 (69.3) 343 (69.9) 329 (67.0) 349 (71.1) 340 (69.4) 0.569
Complete revascularization, 1,201 (61.2) 308 (62.7) 297 (60.5) 296 (60.3) 300 (61.2) 0.859
n (%)
Number of stents 33+15 34+15 33+14 33415 34+ 15 0.291
Procedural complications
Slow-reflow 15 (0.7) 2 (0.4) 5 (1.0) 4(0.8) 4(0.8) 0.735
Dissection 21 (1.1) 4(0.8) 5 (1.0) 6(1.2) 6(1.2) 0.912
Perforation 10 (0.5) 2 (0.4) 4(0.8) 3(0.6) 1(0.2) 0571

Continuous variables were presented as mean + SD or median (IQR). Categorical variables were presented as number (percentage). P-values were calculated using analysis of variance, Kruskal—-
Wallis test or Chi-square test to compare differences in variables between different SIRI quartiles. SIRI, systemic inflammation response index; NYHA, New York Heart Association; MI,
myocardial infarction; PCI, percutaneous coronary intervention; FBG, fasting blood glucose; ALT, alanine transaminase; AST, aspartate transaminase; eGFR, estimated glomerular filtration rate;
TC, total cholesterol; LDL-C, low-density lipoprotein cholesterol; HDL-C, high-density lipoprotein cholesterol; HbAlc, glycosylated hemoglobin Alc; BNP, B-natriuretic peptide; hs-CRP, high
sensitivity C-reactive protein; LVDs, left ventricular end-systolic diameter; LVDd, left ventricular end-diastolic diameter; LVEF, left ventricular injection fraction; CCB, calcium channel blocker;
ACE], angiotensin-converting enzyme inhibitor; ARB, angiotensin receptor blocker; LM, left main artery; LAD, left anterior descending artery; LCX, left circumflex artery; RCA, right coronary
artery; SYNTAX, synergy between PCI with taxus and cardiac surgery.

with IHF. When SIRI was introduced into the multivariate analysis 4 Discussion
as a continuous variable in Model III, a one-point increase in SIRI
was also significantly related to a higher risk of MACE (HR, 95%
CI:1.04, 1.01-1.07, P = 0.003) and any revascularization (HR, 95%
CL 1.05, 1.01-1.10, P = 0.008) (Table 3).

The non-linear association of SIRI with the risk of MACE (non-

The main conclusions of the study are as follows: (1) According
to Kaplan-Meier curves, patients with higher SIRI had a higher
chance of incidence of MACE, all-cause mortality, and any
revascularization. (2) After considering potential confounding

linear P <0.001) and any revascularization (non-linear P <0.001) was
confirmed using RCS curves fitted for Cox proportional hazard
models. In general, the risk of MACE, all-cause mortality, non-fatal
MI, and any revascularization increased as SIRI increased (Figure 3).

3.3 Subgroup analysis

Subgroup analysis confirmed the increased risk of MACE with
elevated SIRI in the NYHA class ITII-IV subgroup (P for interaction
= 0.005). No obvious interactions were observed in the other

subgroups (Figure 4).

TABLE 2 Outcomes of patients stratified by SIRI quartiles.

variables, SIRI was found to be independently associated with a
higher risk of MACE, all-cause mortality, and any revascularization.
(3) RCS confirmed a nonlinear relationship between SIRI and
MACE and any revascularization. (4) Subgroup analysis
confirmed a higher chance of MACE with elevated SIRI in a
subgroup of NYHA class III-IV.

The primary contributing factor of IHF is coronary
atherosclerosis, which is characterized by narrowing and occlusion
of the coronary artery, resulting in insufficient coronary blood flow,
myocardial ischemia, and hypoxia (3, 35). The etiology of
atherosclerotic disease is heavily influenced by inflammatory
processes (36). SIRI has been shown to be an accurate indicator of

Quartiles of SIRI

Outcomes Quartile 1 Quartile 2 Quartile 3 Quartile 4 P-value
(n = 491) (n = 491) (n = 491) (n = 490)

MACE, n (%) 651 (33.2) 115 (23.4) 144 (29.3) 169 (34.4) 223 (45.5) <0.001
All-cause mortality ‘ 311 (15.8) ‘ 61 (12.4) 75 (15.3) 74 (15.1) 101 (20.6) 0.005
Non-fatal MI ‘ 64 (3.3) ‘ 14 (2.9) 14 (2.9) 14 (2.9) 22 (4.5) 0372
Any revascularization 276 (14.1) 40 (8.2) ‘ 55 (11.2) 81 (16.5) 100 (20.4) <0.001

Categorical variables were presented as number (percentage). P-values were calculated using Chi-square test to compare differences in outcomes between different SIRI quartiles. SIRI, systemic
inflammation response index; MACE, major adverse cardiovascular events; MI, myocardial infarction.
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FIGURE 2
(A) Kaplan—Meier curves showing the association between SIRI quartiles and MACE. (B) Kaplan—Meier curves showing the association between SIRI
quartiles and all-cause mortality. (C) Kaplan—Meier curves showing the association between SIRI quartiles and non-fatal MI. (D) Kaplan—Meier curves
showing the association between SIRI quartiles and any revascularization. SIRI, systemic inflammation response index; MACE, major adverse
cardiovascular events; M|, myocardial infarction.

TABLE 3 The association between SIRI and MACE.

Model | Model Il Model IlI
HR p P HR p P HR p P
(95% Cls) for trend (95% Cls) for trend (95% Cls) for trend

MACE <0.001 <0.001 <0.001
Quartile 1 1.0 (Ref) 1.0 (Ref) 1.0 (Ref)

Quartile 2 132 (1.03-1.68)  0.028 1.29 (1.01-1.65) | 0.041 1.27 (0.99-1.63) = 0.0657

Quartile 3 158 (1.25-2.01)  <0.001 153 (1.21-1.94)  <0.001 152 (1.19-1.94) | 0.001

Quartile 4 224 (1.79-2.81) = <0.001 2.15 (1.71-2.70) | <0.001 1.88 (1.47-2.42) = <0.001

Continuous 1.03 (1.01-1.05) | 0.001 1.03 (1.01-1.05)  0.003 1.04 (1.01-1.07) = 0.003

All-cause mortality <0.001 <0.001 0.010
Quartile 1 1.0 (Ref) 1.0 (Ref) 1.0 (Ref)

Quartile 2 1.29 (0.92-1.81)  0.136 127 (0.90-1.77)  0.173 1.24 (0.88-1.75) = 0219

Quartile 3 131 (0.93-1.84)  0.120 1.25 (0.89-1.76)  0.193 1.27 (0.89-1.82) = 0.180

Quartile 4 1.92 (1.40-2.64)  <0.001 1.82 (1.32-251)  <0.001 161 (1.13-228)  0.008

Continuous 1.02 (0.99-1.06)  0.123 1.02 (0.99-1.06)  0.170 1.03 (0.99-1.08) = 0.150

Non-fatal MI 0.082 0.146 0.342
Quartile 1 1.0 (Ref) 1.0 (Ref) 1.0 (Ref)

Quartile 2 1.05 (0.50-220)  0.896 1.01 (0.48-2.13) | 0.971 1.01 (0.47-2.14) = 0.987

(Continued)
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TABLE 3 Continued

Model | Model Il Model IlI
HR P P HR p P HR p P
(95% Cls) for trend  (95% Cls) for trend  (95% Cls) for trend
Non-fatal MI 0.082 0.146 0.342
Quartile 3 1.08 (0.51-2.26)  0.844 0.99 (0.47-2.10)  0.988 0.92 (0.42-2.00) = 0.834
Quartile 4 1.81 (0.93-3.55)  0.082 1.66 (0.84-327)  0.144 1.50 (0.70-3.14) = 0.308
Continuous 1.03 (0.98-1.09)  0.268 1.03 (0.97-1.10) = 0.322 1.04 (0.95-1.14) = 0.421
Any
revascularization <0.001 <0.001 <0.001
Quartile 1 1.0 (Ref) 1.0 (Ref) 1.0 (Ref)
Quartile 2 144 (0.96-2.17)  0.077 143 (0.95-2.14)  0.088 142 (0.94-2.15)  0.096
Quartile 3 2.18 (1.49-3.19)  <0.001 2.15 (147-3.14)  <0.001 211 (143-3.13) = <0.001
Quartile 4 2.89 (2.00-4.17)  <0.001 2.82 (1.95-4.08)  <0.001 248 (1.66-3.70) = <0.001
Continuous 1.04 (1.01-1.06)  0.006 1.04 (1.01-1.06)  0.007 1.05 (1.01-1.10) = 0.008

Models were derived from Cox proportional hazards regression analysis. Model I: unadjusted. Model II: adjusted for age, sex. Model I1I: adjusted for age, sex, heart rate, body mass index, NYHA
class, prior PCI, lymphocyte, FBG, albumin, TC, eGFR, HDL-C, LDL-C, potassium, uric acid, hs-CRP, LVDs, LVEF, ARB, sacubitril valsartan, LM disease, chronic total occlusion, diffuse lesion,
in-stent restenosis, SYNTAX score, target vessel (LM). SIRI, systemic inflammation response index; HR, hazards ratio; CI, confidence interval; NYHA, New York Heart Association; PCI,
percutaneous coronary intervention; FBG, fasting blood glucose; TC, total cholesterol; eGFR, estimated glomerular filtration rate; HDL-C, high-density lipoprotein cholesterol; LDL-C, low-
density lipoprotein cholesterol; hs-CRP, high sensitivity C-reactive protein; LVDs, left ventricular end-systolic diameter; LVEF, left ventricular injection fraction; ARB, angiotensin receptor
blocker; LM, left main artery; SYNTAX, synergy between PCI with taxus and cardiac surgery; MACE, major adverse cardiovascular events; MI, myocardial infarction.

A MACE B All-cause Mortality
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FIGURE 3

RCS model showing the associations of SIRI with MACE (A), all-cause mortality (B), non-fatal MI (C), and any revascularization (D). RCS, restricted
cubic spline; SIRI, systemic inflammation response index; MACE, major adverse cardiovascular events; MI, myocardial infarction; HR, hazards ratio;
Cl, confidence interval.
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Subgroup MACE(rate) HR(95%CI)
Age (years)

>=65 290/764(38.0) 1.03(1.00-1.07)
<65 367/1222(30.0) 1.03(1.01-1.05)
Sex

Male 549/1633(33.6) 1.03(1.01-1.05)
Female 108/353(30.6) 1.04(0.99-1.09)
NYHA class

-1l 372/1261(29.5) 1.02(1.00-1.05)
-1v 285/725(20.0) 1.10(1.05-1.15)
Diabetes

Yes 277/772(35.9) 1.05(1.02-1.09)
No 380/1214(31.3) 1.03(1.00-1.05)
eGFR (mI*min/1.73m2)

>=90 381/1193(31.9) 1.02(0.99-1.05)
<90 276/793(34.8) 1.07(1.03-1.11)
hs-CRP(mg/L)

>=2.6 414/1061(39.0) 1.02(0.99-1.04)
<26 243/925(26.3) 1.07(1.00-1.13)
SYNTAX score

0-22 279/1113(25.1) 1.03(1.00-1.05)
23-33 269/687(31.2) 1.06(1.01-1.11)
>=33 109/186(58.6) 1.05(0.98-1.12)

FIGURE 4

Subgroup analysis of associations between MACE and SIRI. MACE, major adverse cardiovascular events; SIRI, systemic inflammation response index;
HR, hazards ratio; Cl, confidence interval; NYHA, New York Heart Association; MI, myocardial infarction; eGFR, estimated glomerular filtration rate;
hs-CRP, high sensitivity C-reactive protein; SYNTAX, synergy between PCl with taxus and cardiac surgery.

persistent low-degree inflammation based on monocytes,
neutrophils, and lymphocyte counts (27). Previous researches have
shown that neutrophils are crucial in the inflammatory response of
atherosclerosis by causing apoptosis of small muscle cells to
exacerbate vessel wall inflammation, which can secrete significant
quantities of inflammatory mediators, chemo chemotactic
substances, and anaerobic free radicals to cause endothelial cell
damage and subsequent tissue ischemia (17-22). Monocytes are
primary cells involved in the development of atherosclerotic
plaques. Platelet-monocyte aggregates can form when monocytes
stimulate platelets, promoting inflammation, adhesion, and release of
vasoactive substances (23). Platelet-monocyte aggregates can also
promote thrombosis and blockage of blood vessels, leading to
hemodynamic changes (37). Meanwhile, monocytes adhere to the
endothelium and differentiate into macrophages (38). Subsequently,
by taking up lipids, they become foam cells, activating
proinflammatory cytokines and reactive oxygen species release to
promote atherosclerosis progression (39). On the other hand,
lymphocytes can prevent atherosclerosis and have a regulatory role
in inflammation (24, 25). Additionally, prior research has shown a
connection between lymphopenia and a poor prognosis in patients
with heart failure (HF) and coronary artery disease (CAD) (40-42).
Previous studies have shown that higher monocyte, neutrophil, and
lymphocyte counts are associated with higher cardiovascular risk (24,
43, 44). Therefore, it is plausible to assume that SIRI, calculated as
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(neutrophils x monocytes)/lymphocytes, is linked with outcomes in
patients with IHF patients following PCI. Furthermore, as a
combination of the three, SIRI may amplify the changes in the three.

In recent years, a growing number of studies have found a
connection between SIRI and the prognosis of cardiovascular
illnesses. A 10-year follow-up period revealed 4,262 stroke
occurrences, 1,233 MI events, and 7,225 all-cause deaths in a
sizable prospective cohort of 85,154 individuals with cardiovascular
disease. The results showed that SIRI was positively associated with
stroke (HR, 95% CI:1.194, 1.087-1.313), MI (HR, 95% CI:1.204,
1.013-1.431), and all-cause mortality (HR, 95% CI:1.393, 1.296-
1.498) (45). A study conducted by Dziedzic et al. also confirmed a
significant association between the SIRI and the CAD severity. ST-
segment elevation myocardial infarction (STEMI) individuals had a
higher SIRI than stable CAD patients, and a higher SIRI was observed
in patients with three-vessel CAD (46). Another study exploring the
effect of the inflammation index on the endpoints of ACS patients
after PCI also demonstrated that the probability of MACE (HR, 95%
CI:3.847, 2.623-5.641) and SIRI were independently associated (31).

This study is the first to explore the role of inflammation
assessed using SIRI in the prognosis of patients with THF after
PCI. Consistent with previous findings, similar results from our
study showed that SIRI was substantially related to the outcome in
patients with THF receiving PCIL. As a traditional inflammatory
factor, hs-CRP is widely used in clinical practice (47). In this study,
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hs-CRP was included in the multivariate Cox regression model, and
the results showed that the effect of SIRI on MACE was
independent of hs-CRP. Therefore, in clinical practice, we can not
only rely on traditional factors to assess the level of inflammation in
patients but also pay attention to new inflammatory assessment
methods such as SIRIL Subgroup analysis of this study confirmed
the increased risk of MACE with elevated SIRI in a subgroup of
NYHA class III-1V, which suggested that the role of SIRI should be
taken seriously in patients with higher NYHA. Patients with higher
NYHA grades often present with more comorbidities (48-50). In
patients with heart failure, comorbidities can promote
inflammation and lead to myocardial dysfunction through
microvascular inflammation, resulting in poor prognosis (51). In
this study, patients with a higher NYHA grade had more
comorbidities, worse liver and renal functions, and a higher
proportion of diabetes, which may be the reason why SIRI had a
higher risk of MACE among patients with a higher NYHA grade.

Our study has several limitations. (1) This research was a
retrospective cohort investigation conducted at a single facility.
The results may be biased due to single-center enrollment, which
has to be confirmed in more extensive multicenter randomized
controlled studies. (2) Blood cells were tested only once, and their
concentrations may have changed during follow-up. A single blood
cell count measurement may be affected by additional factors such
as particular drugs, which require caution when interpreting the
results; (3) All participants in this study were Asians. Whether the
results of this study can be generalized to other races requires
further study; (4) We have removed patients who may affect SIRI as
much as possible, such as malignant tumors (including hematologic
malignancies), autoimmune diseases and pneumonia. However,
some potential confounders, such as bacterial or viral infections,
cannot be removed, which is a research defect.

Conclusion

As a new inflammatory marker, SIRI is closely related to MACE,
all-cause mortality, and revascularization in patients with IHF treated
with PCI. The higher the SIRI value, the worse the prognosis.
Therefore, SIRI might be a new, potentially low-grade
inflammatory measure for predicting outcomes in patients with
THF after PCI.

Data availability statement

The original contributions presented in the study are included
in the article/Supplementary Material. Further inquiries can be
directed to the corresponding authors.

Ethics statement

Written or oral informed consent was obtained from each
participant, and the study protocol was approved by the Clinical

Frontiers in Immunology

11

10.3389/fimmu.2024.1324890

Research Ethics Committee of Beijing Anzhen Hospital, Capital
Medical University (2022235X).

Author contributions

MM: Conceptualization, Data curation, Formal analysis,
Investigation, Methodology, Project administration, Writing -
original draft, Writing — review & editing. KW: Data curation,
Formal Analysis, Investigation, Writing — review & editing. TS:
Writing - review & editing. XH: Data curation, Investigation,
Writing - review & editing. BZ: Data curation, Investigation, Writing
- review & editing. ZC: Data curation, Investigation, Writing — review
& editing. ZZ: Investigation, Writing - review & editing. JZ:
Conceptualization, Formal analysis, Investigation, Writing - review
& editing. YZ: Conceptualization, Formal analysis, Funding
acquisition, Resources, Validation, Visualization, Writing - review
& editing.

Funding

The author(s) declare financial support was received for the
research, authorship, and/or publication of this article. This work
was supported by the grant from National Key Research and
Development Program of China (2017YFC0908800), Pilot Projects
for Public Welfare Development of Beijing Municipal Medical
Institute “Precise medicine and interventional diagnosis and
treatment platform for coronary heart disease” (2019-3), Capital’s
Funds for Health Improvement and Research (CFH 2020-2-2063)
and Beijing Municipal Natural Science Foundation (7202041).

Conflict of interest

The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could be
construed as a potential conflict of interest.

Publisher’'s note

All claims expressed in this article are solely those of the authors
and do not necessarily represent those of their affiliated
organizations, or those of the publisher, the editors and the
reviewers. Any product that may be evaluated in this article, or
claim that may be made by its manufacturer, is not guaranteed or
endorsed by the publisher.

Supplementary material

The Supplementary Material for this article can be found online at:
https://www.frontiersin.org/articles/10.3389/fimmu.2024.1324890/
full#supplementary-material

frontiersin.org


https://www.frontiersin.org/articles/10.3389/fimmu.2024.1324890/full#supplementary-material
https://www.frontiersin.org/articles/10.3389/fimmu.2024.1324890/full#supplementary-material
https://doi.org/10.3389/fimmu.2024.1324890
https://www.frontiersin.org/journals/immunology
https://www.frontiersin.org

Ma et al.

References

1. Severino P, D'Amato A, Pucci M, Infusino F, Birtolo LI, Mariani MV, et al.
Ischemic heart disease and heart failure: Role of coronary ion channels. Int ] Mol Sci
(2020) 21(9):3167. doi: 10.3390/ijms21093167

2. Pantely GA, Bristow JD. Ischemic cardiomyopathy. Prog Cardiovasc Dis (1984)
27:95-114. doi: 10.1016/0033-0620(84)90021-5

3. Kaski J-C, Crea F, Gersh BJ, Camici PG. Reappraisal of ischemic heart disease.
Circulation (2018) 138:1463-80. doi: 10.1161/CIRCULATIONAHA.118.031373

4. Dagenais GR, Leong DP, Rangarajan S, Lanas F, Lopez-Jaramillo P, Gupta R, et al.
Variations in common diseases, hospital admissions, and deaths in middle-aged adults
in 21 countries from five continents (PURE): a prospective cohort study. Lancet (2020)
395:785-94. doi: 10.1016/S0140-6736(19)32007-0

5. Timmis A, Townsend N, Gale CP, Torbica A, Lettino M, Petersen SE, et al.
European society of cardiology: Cardiovascular disease statistics 2019. Eur Heart |
(2020) 41:12-85. doi: 10.1093/eurheartj/ehz859

6. Moran AE, Forouzanfar MH, Roth GA, Mensah GA, Ezzati M, Murray CJL, et al.
Temporal trends in ischemic heart disease mortality in 21 world regions, 1980 to 2010:
the Global Burden of Disease 2010 study. Circulation (2014) 129:1483-92. doi: 10.1161/
CIRCULATIONAHA.113.004042

7. Vilela EM, Fontes-Carvalho R. Inflammation and ischemic heart disease: The next
therapeutic target? Rev Port Cardiol (Engl Ed) (2021) 40:785-96. doi: 10.1016/
j.repc.2021.02.011

8. Severino P, D’Amato A, Pucci M, Infusino F, Adamo F, Birtolo LI, et al. Ischemic
heart disease pathophysiology paradigms overview: From plaque activation to
microvascular dysfunction. Int J Mol Sci (2020) 21:8118. doi: 10.3390/ijms21218118

9. Yusuf S, Joseph P, Rangarajan S, Islam S, Mente A, Hystad P, et al. Modifiable risk
factors, cardiovascular disease, and mortality in 155 722 individuals from 21 high-
income, middle-income, and low-income countries (PURE): A prospective cohort
study. Lancet (2020) 395:795-808. doi: 10.1016/S0140-6736(19)32008-2

10. Wang D, Wang S, Zhou Z, Bai D, Zhang Q, Ai X, et al. White blood cell
membrane-coated nanoparticles: Recent development and medical applications. Adv
Healthc Mater (2022) 11:¢2101349. doi: 10.1002/adhm.202101349

11. Wu TH, Chien KL, Lin HJ, Hsu HC, Su TC, Chen MF, et al. Total white blood
cell count or neutrophil count predict ischemic stroke events among adult Taiwanese:
Report from a community-based cohort study. BMC Neurol (2013) 13:7. doi: 10.1186/
1471-2377-13-7

12. Zia E, Melander O, Bjérkbacka H, Hedblad B, Engstrém G. Total and differential
leucocyte counts in relation to incidence of stroke subtypes and mortality: a prospective
cohort study. J Intern Med (2012) 272(3):298-304. doi: 10.1111/j.1365-
2796.2012.02526.x

13. Kim JH, Lim S, Park KS, Jang HC, Choi SH. Total and differential WBC counts
are related with coronary artery atherosclerosis and increase the risk for cardiovascular
disease in Koreans. PLoS One (2017) 12(7):e0180332. doi: 10.1371/
journal.pone.0180332

14. Wheeler JG, Mussolino ME, Gillum RF, Danesh J. Associations between
differential leucocyte count and incident coronary heart disease: 1764 incident cases
from seven prospective studies of 30,374 individuals. Eur Heart ] (2004) 25:1287-92.
doi: 10.1016/j.ehj.2004.05.002

15. Madjid M, Fatemi O. Components of the complete blood count as risk predictors
for coronary heart disease: In-depth review and update. Tex Heart Inst ] (2013) 40
(1):17-29.

16. Madjid M, Awan I, Willerson JT, Casscells SW. Leukocyte count and coronary
heart disease: implications for risk assessment. ] Am Coll Cardiol (2004) 44(10):1945-
56. doi: 10.1016/j.jacc.2004.07.056

17. Fernandez-Ruiz I. Neutrophil-driven SMC death destabilizes atherosclerotic
plaques. Nat Rev Cardiol (2019) 16:455. doi: 10.1038/s41569-019-0214-1

18. Shah AD, Denaxas S, Nicholas O, Hingorani AD, Hemingway H. Neutrophil
counts and initial presentation of 12 cardiovascular diseases: A CALIBER cohort study.
J Am Coll Cardiol (2017) 69(9):1160-9. doi: 10.1016/j.jacc.2016.12.022

19. Lee CD, Folsom AR, Nieto FJ, Chambless LE, Shahar E, Wolfe DA. White blood
cell count and incidence of coronary heart disease and ischemic stroke and mortality
from cardiovascular disease in African-American and White men and women:
atherosclerosis risk in communities study. Am J Epidemiol (2001) 154(8):758-64.
doi: 10.1093/aje/154.8.758

20. Welsh C, Welsh P, Mark PB, Celis-Morales CA, Lewsey ], Gray SR, et al.
Association of total and differential leukocyte counts with cardiovascular disease and
mortality in the UK Biobank. Arterioscler Thromb Vasc Biol (2018) 38:1415-23.
doi: 10.1161/ATVBAHA.118.310945

21. Lassale C, Curtis A, Abete I, van der Schouw YT, Verschuren WMM, Lu Y, et al.
Elements of the complete blood count associated with cardiovascular disease incidence:
Findings from the EPIC-NL cohort study. Sci Rep (2018) 8(1):3290. doi: 10.1038/
541598-018-21661-x

22. Abete I, Lu Y, Lassale C, Verschuren M, van der Schouw Y, Bueno-de-Mesquita
B. White cell counts in relation to mortality in a general population of cohort study in

Frontiers in Immunology

12

10.3389/fimmu.2024.1324890

the Netherlands: a mediating effect or not? BMJ Open (2019) 9:¢030949. doi: 10.1136/
bmjopen-2019-030949

23. Kanazawa M, Ninomiya I, Hatakeyama M, Takahashi T, Shimohata T. Microglia
and monocytes/macrophages polarization reveal novel therapeutic mechanism against
stroke. Int ] Mol Sci (2017) 18:2135. doi: 10.3390/ijms18102135

24. Kim J-H, Lee Y-J, Park B. Higher monocyte count with normal white blood cell
count is positively associated with 10-year cardiovascular disease risk determined by
Framingham risk score among community-dwelling Korean individuals. Med
(Baltimore) (2019) 98:e15340. doi: 10.1097/MD.0000000000015340

25. Nuiiez ], Mifiana G, Bodi V, Nuiez E, Sanchis ], Husser O, et al. Low lymphocyte
count and cardiovascular diseases. Curr Med Chem (2011) 18(21):3226-33. doi:
10.2174/092986711796391633

26. He WZ, Jiang C, Liu LL, Yin CX, Rong YM, Hu WM, et al. Association of body
composition with survival and inflammatory responses in patients with non-metastatic
nasopharyngeal cancer. Oral Oncol (2020) 108:104771. doi: 10.1016/
j.oraloncology.2020.104771

27. He Q, Li L, Ren Q. The prognostic value of preoperative systemic inflammatory
response index (SIRI) in patients with high-grade glioma and the establishment of a
nomogram. Front Oncol (2021) 11:671811. doi: 10.3389/fonc.2021.671811

28. Han K, Shi D, Yang L, Wang Z, Li Y, Gao F, et al. Prognostic value of systemic
inflammatory response index in patients with acute coronary syndrome undergoing
percutaneous coronary intervention. Ann Med (2022) 54(1):1667-77. doi: 10.1080/
07853890.2022.2083671

29. Lin KB, Fan FH, Cai MQ, Yu Y, Fu CL, Ding LY, et al. Systemic immune
inflammation index and system inflammation response index are potential biomarkers
of atrial fibrillation among the patients presenting with ischemic stroke. Eur ] Med Res
(2022) 27(1):106. doi: 10.1186/s40001-022-00733-9

30. Jin Z, Wu Q, Chen S, Gao J, Li X, Zhang X, et al. The associations of two novel
inflammation indexes, SII and SIRI with the risks for cardiovascular diseases and all-
cause mortality: A ten-year follow-up study in 85,154 individuals. ] Inflamm Res (2021)
14:131-40. doi: 10.2147/JIR.S283835

31. LiQ, MaX, Shao Q, Yang Z, Wang Y, Gao F, et al. Prognostic impact of multiple
lymphocyte-based inflammatory indices in acute coronary syndrome patients. Front
Cardiovasc Med (2022) 9:811790. doi: 10.3389/fcvm.2022.811790

32. Volz S, Redfors B, Angeréds O, Ioanes D, Odenstedt ], Koul S, et al. Long-term
mortality in patients with ischaemic heart failure revascularized with coronary artery
bypass grafting or percutaneous coronary intervention: insights from the Swedish
Coronary Angiography and Angioplasty Registry (SCAAR). Eur Heart ] (2021)
42:2657-64. doi: 10.1093/eurheartj/ehab273

33. Thygesen K, Alpert JS, Jaffe AS, Chaitman BR, Bax JJ, Morrow DA, et al. Fourth
universal definition of myocardial infarction (2018). Circulation (2018) 138:¢618-51.

34. Zeng X, Liu G, Pan Y, Li Y. Development and validation of immune
inflammation-based index for predicting the clinical outcome in patients with
nasopharyngeal carcinoma. J Cell Mol Med (2020) 24:8326-49. doi: 10.1111/
jemm.15097

35. Pantely GA, Bristow JD. Ischemic cardiomyopathy. Prog Cardiovasc Dis (1984)
27(2):95-114. doi: 10.1016/0033-0620(84)90021-5

36. Chistiakov DA, Kashirskikh DA, Khotina VA, Grechko AV, Orekhov AN.
Immune-inflammatory responses in atherosclerosis: The role of myeloid cells. J Clin
Med (2019) 8(11):1798. doi: 10.3390/jcm8111798

37. Ghattas A, Griffiths HR, Devitt A, Lip GY, Shantsila E. Monocytes in coronary
artery disease and atherosclerosis: where are we now? J Am Coll Cardiol (2013) 62
(17):1541-51. doi: 10.1016/j.jacc.2013.07.043

38. Huh JY, Ross GW, Chen R, Abbott RD, Bell C, Willcox B, et al. Total and
differential white blood cell counts in late life predict 8-year incident stroke: the
Honolulu Heart Program. ] Am Geriatr Soc (2015) 63:439-46. doi: 10.1111/jgs.13298

39. Wu M-Y, Li C-J, Hou M-F, Chu P-Y. New insights into the role of inflammation
in the pathogenesis of atherosclerosis. Int ] Mol Sci (2017) 18:2034. doi: 10.3390/
1jms18102034

40. Ommen SR, Gibbons R], Hodge DO, Thomson SP. Usefulness of the lymphocyte
concentration as a prognostic marker in coronary artery disease. Am J Cardiol (1997)
79:812-4. doi: 10.1016/S0002-9149(96)00878-8

41. Levy WC, Mozaffarian D, Linker DT, Sutradhar SC, Anker SD, Cropp AB, et al.
The Seattle Heart Failure Model: prediction of survival in heart failure. Circulation
(2006) 113:1424-33. doi: 10.1161/CIRCULATIONAHA.105.584102

42. Nuiiez ], Nuafez E, Bodi V, Sanchis J, Mainar L, Mifiana G, et al. Low lymphocyte
count in acute phase of ST-segment elevation myocardial infarction predicts long-term
recurrent myocardial infarction. Coron Artery Dis (2010) 21:1-7. doi: 10.1097/
MCA.0b013e328332¢el5

43. Shah AD, Denaxas S, Nicholas O, Hingorani AD, Hemingway H. Low eosinophil
and low lymphocyte counts and the incidence of 12 cardiovascular diseases: A
CALIBER cohort study. Open Heart (2016) 3(2):¢000477. doi: 10.1136/openhrt-
2016-000477

frontiersin.org


https://doi.org/10.3390/ijms21093167
https://doi.org/10.1016/0033-0620(84)90021-5
https://doi.org/10.1161/CIRCULATIONAHA.118.031373
https://doi.org/10.1016/S0140-6736(19)32007-0
https://doi.org/10.1093/eurheartj/ehz859
https://doi.org/10.1161/CIRCULATIONAHA.113.004042
https://doi.org/10.1161/CIRCULATIONAHA.113.004042
https://doi.org/10.1016/j.repc.2021.02.011
https://doi.org/10.1016/j.repc.2021.02.011
https://doi.org/10.3390/ijms21218118
https://doi.org/10.1016/S0140-6736(19)32008-2
https://doi.org/10.1002/adhm.202101349
https://doi.org/10.1186/1471-2377-13-7
https://doi.org/10.1186/1471-2377-13-7
https://doi.org/10.1111/j.1365-2796.2012.02526.x
https://doi.org/10.1111/j.1365-2796.2012.02526.x
https://doi.org/10.1371/journal.pone.0180332
https://doi.org/10.1371/journal.pone.0180332
https://doi.org/10.1016/j.ehj.2004.05.002
https://doi.org/10.1016/j.jacc.2004.07.056
https://doi.org/10.1038/s41569-019-0214-1
https://doi.org/10.1016/j.jacc.2016.12.022
https://doi.org/10.1093/aje/154.8.758
https://doi.org/10.1161/ATVBAHA.118.310945
https://doi.org/10.1038/s41598-018-21661-x
https://doi.org/10.1038/s41598-018-21661-x
https://doi.org/10.1136/bmjopen-2019-030949
https://doi.org/10.1136/bmjopen-2019-030949
https://doi.org/10.3390/ijms18102135
https://doi.org/10.1097/MD.0000000000015340
https://doi.org/10.2174/092986711796391633
https://doi.org/10.1016/j.oraloncology.2020.104771
https://doi.org/10.1016/j.oraloncology.2020.104771
https://doi.org/10.3389/fonc.2021.671811
https://doi.org/10.1080/07853890.2022.2083671
https://doi.org/10.1080/07853890.2022.2083671
https://doi.org/10.1186/s40001-022-00733-9
https://doi.org/10.2147/JIR.S283835
https://doi.org/10.3389/fcvm.2022.811790
https://doi.org/10.1093/eurheartj/ehab273
https://doi.org/10.1111/jcmm.15097
https://doi.org/10.1111/jcmm.15097
https://doi.org/10.1016/0033-0620(84)90021-5
https://doi.org/10.3390/jcm8111798
https://doi.org/10.1016/j.jacc.2013.07.043
https://doi.org/10.1111/jgs.13298
https://doi.org/10.3390/ijms18102034
https://doi.org/10.3390/ijms18102034
https://doi.org/10.1016/S0002-9149(96)00878-8
https://doi.org/10.1161/CIRCULATIONAHA.105.584102
https://doi.org/10.1097/MCA.0b013e328332ee15
https://doi.org/10.1097/MCA.0b013e328332ee15
https://doi.org/10.1136/openhrt-2016-000477
https://doi.org/10.1136/openhrt-2016-000477
https://doi.org/10.3389/fimmu.2024.1324890
https://www.frontiersin.org/journals/immunology
https://www.frontiersin.org

Ma et al.

44. Kim JH, Lim S, Park KS, Jang HC, Choi SH. Total and differential WBC counts
are related with coronary artery atherosclerosis and increase the risk for cardiovascular
disease in Koreans. PloS One (2017) 12:¢0180332. doi: 10.1371/journal.pone.0180332

45. Jin Z, Wu Q, Chen S, Gao J, Li X, Zhang X, et al. The associations of two novel
inflammation indexes, SII and SIRI with the risks for cardiovascular diseases and all-
cause mortality: A ten-year follow-up study in 85,154 individuals. J Inflamm Res (2021)
14:131-40. doi: 10.2147/JIR.S283835

46. Dziedzic EA, Gasior JS, Tuzimek A, Paleczny J, Junka A, Dabrowski M, et al.
Investigation of the associations of novel inflammatory biomarkers-systemic
inflammatory index (SII) and systemic inflammatory response index (SIRI)-with the
severity of coronary artery disease and acute coronary syndrome occurrence. Int ] Mol
Sci (2022) 23(17):9553. doi: 10.3390/ijms23179553

47. Denegri A, Boriani G. High sensitivity C-reactive protein (hsCRP) and its
implications in cardiovascular outcomes. Curr Pharm Des (2021) 27(2):263-75. doi:
10.2174/1381612826666200717090334

Frontiers in Immunology

13

10.3389/fimmu.2024.1324890

48. Tzou WS, Tung R, Frankel DS, Vaseghi M, Bunch TJ, Di Biase L, et al
Ventricular tachycardia ablation in severe heart failure: an international ventricular
tachycardia ablation center collaboration analysis. Circ Arrhythm Electrophysiol (2017)
10(1):e004494. doi: 10.1161/CIRCEP.116.004494

49. Citu IM, Citu C, Gorun F, Neamtu R, Motoc A, Burlea B, et al. Using the NYHA
classification as forecasting tool for hospital readmission and mortality in heart failure
patients with COVID-19. J Clin Med (2022) 11(5):1382. doi: 10.3390/jcm11051382

50. Ahmed A, Aronow WS, Fleg JL. Higher New York Heart Association classes
and increased mortality and hospitalization in patients with heart failure and
preserved left ventricular function. Am Heart J (2006) 151:444-50. doi: 10.1016/
j.ahj.2005.03.066

51. Paulus WJ, Tschope C. A novel paradigm for heart failure with preserved
ejection fraction: comorbidities drive myocardial dysfunction and remodeling through
coronary microvascular endothelial inflammation. ] Am Coll Cardiol (2013) 62:263-71.
doi: 10.1016/j.jacc.2013.02.092

frontiersin.org


https://doi.org/10.1371/journal.pone.0180332
https://doi.org/10.2147/JIR.S283835
https://doi.org/10.3390/ijms23179553
https://doi.org/10.2174/1381612826666200717090334
https://doi.org/10.1161/CIRCEP.116.004494
https://doi.org/10.3390/jcm11051382
https://doi.org/10.1016/j.ahj.2005.03.066
https://doi.org/10.1016/j.ahj.2005.03.066
https://doi.org/10.1016/j.jacc.2013.02.092
https://doi.org/10.3389/fimmu.2024.1324890
https://www.frontiersin.org/journals/immunology
https://www.frontiersin.org

	Impacts of systemic inflammation response index on the prognosis of patients with ischemic heart failure after percutaneous coronary intervention
	1 Introduction
	2 Method
	2.1 Study population
	2.2 Data collection and definitions
	2.3 Follow&minus;up
	2.4 Grouping and endpoints
	2.5 Statistical analysis

	3 Result
	3.1 Patient characteristics
	3.2 SIRI and endpoints
	3.3 Subgroup analysis

	4 Discussion
	Conclusion
	Data availability statement
	Ethics statement
	Author contributions
	Funding
	Conflict of interest
	Publisher’s note
	Supplementary material
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages false
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /sRGB
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 1
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /ENU (T&F settings for black and white printer PDFs 20081208)
  >>
  /ExportLayers /ExportVisibleLayers
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName ([High Resolution])
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks true
      /IncludeHyperlinks true
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 6
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


