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Abstract

Objective: Non-ST elevation myocardial infarction (NSTEMI) is the most common type of acute coronary syndrome and
has a poor prognosis. The SII and NS are derived from blood cell counts and reflects the balance between inherited and
acquired immunity and the association between the immune system and endothelial dysfunction. This study aimed to
compare the prognostic value of two novel inflammatory biomarkers, the systemic immune-inflammatory index (SII) and
the Naples score (NS), with that of other inflammatory markers and risk scores in patients with NSTEMI.

Methods: This was a retrospective cohort analysis of 50 NSTEMI patients and 50 controls matched by age and sex who
were admitted to our hospital. We calculated the SII and NS scores and other ratios, indices, and risk scores for each
patient. We used Pearson’s correlation coefficient and receiver operating characteristic (ROC) analysis to examine the
correlations and predictive values of the SII index, NS score, and other biometric markers and risk scores.

Results: The SII and NS were significantly greater in the NSTEMI group than in the control group. They had strong
positive correlations with the NLR, MHR, PLR, and TC/HDL ratio, and moderate positive correlations with TIMI and
HEART scores (r>0.3, p<0.01 for both). The SII and NS also had higher AUC values than other biometric markers and risk
scores (p<0.05 for both).

Conclusions: The SII and NS are inexpensive, widely available and easy to measure markers that may have utility for
cardiac risk stratification in NSTEMI patients.
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inflammatory biomarkers
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ST Yiikselmesi Olmayan Miyokard Infarktiisii (NSTEMI) Hastalarinda Sistemik Immiin
Inflamatuar Indeks (SII) ve NAPLES Skorunun (NS) Degerlendirilmesi
0z
Amag: Akut koroner sendromun (AKS) en sik goriilen tipi olan ve kétii prognoza sahip non-ST elevasyonlu miyokard
infarktiisiit (NSTEMI) hastalarinda, iki yeni inflamatuar biyo belirte¢ olan sistemik immiin-inflamatuar indeks (SII) ve
Naples skoru (NS) ile diger inflamatuar belirtecler ve risk skorlari arasindaki iliski ve prognostik deger karsilastirilmistir.

SII ve NS, kan hiicre sayimlarindan tiiretilen ve dogal ve uyarlanmis bagisiklik sistemi arasindaki dengeyi ve bagisiklik
sistemi ile endoteldis fonksiyonu arasindaki iliskiyi yansitan indekslerdir.

Yontemler: Bu calismada, hastanemize yatirilan 50 NSTEMI hastasi ile cinsiyet ve yasa gore eslestirilmis 50 kontrol
grubu retrospektif olarak incelenmistir. Her hastaya SII ve NS skorlar ile diger oranlar, indeksler ve risk skorlari
hesaplanmistir. SII indeksi, NS skoru ve diger biyo belirtecler ve risk skorlarinin korelasyonlarini ve prediktif degerlerini
incelemek i¢in Pearson korelasyon katsayisi ve Receiver operating characteristic (ROC) curve analizi kullanilmistir.

Bulgular: Sonug olarak, SII indeksi ve NS skoru NSTEMI grubunda kontrol grubuna gére anlaml derecede yiiksek
bulunmustur. NLR, MHR, PLR ve TC/HDL oramn ile gii¢lii pozitif, TIMI ve HEART skorlar ile orta derecede pozitif
korelasyon gdstermislerdir (r>0.3, p<0.01 her ikisi icin de). Ayrica SII indeksi ve NS skoru, diger biyometrik belirtecler
ve risk skorlarindan daha ytliksek AUC degerlerine sahip olmustur (p<0.05 her ikisi icin de).

Sonug: SII ve NS, ucuz, yaygin olarak kullanilabilir ve kolayca 6l¢iilebilen belirtecler olup, NSTEMI hastalarinda kardiyak
risk stratifikasyonu i¢in yararl olabilirler.

Anahtar kelimeler: Non ST-elevasyonlu miyokard infarktiisii, NAPLES Skoru, Sistemik Immiin-inflamatuar Iindeks, yeni
inflamatuar biyo belirtegler.

INTRODUCTION

Cardiovascular diseases are among the most
important causes of morbidity and mortality
worldwide. Among these diseases, acute
coronary syndrome (ACS) has various clinical
manifestations, such as myocardial infarction
(MI) or unstable angina. Non ST elevation
myocardial infarction (NSTEMI) is the most
prevalent type of ACS and accounts for 61% of
MI casesl?2.

NSTEMI patients have a complex prognosis that
depends on multiple factors, such as age,
comorbidities, cardiac function and treatment
strategies. These patients have lower in-
hospital mortality than patients with ST-
elevation myocardial infarction (STEMI) but
have twice the long-term mortality risk. Thus, it
is vital to conduct thorough risk assessments
and clinical follow-up of these patients from the
time of NSTEMI diagnosis to avoid adverse
outcomes. Inflammation is an important factor
in the pathogenesis and progression of NSTEMI.

It begins with the rupture of atherosclerotic
plaques in the coronary arteries, which causes
the arterial lumen to be blocked by a
thrombogenic environment. This triggers the
activation and secretion of various cytokines,
chemokines and adhesion molecules by
different types of white blood cells, especially
lymphocytes, neutrophils, monocytes and
platelets. The levels of some of these
inflammatory markers, such as interleukin-6
(IL-6), C-reactive protein (CRP), and tumor
necrosis factor-alpha (TNF-a), are increased in
NSTEMI patients and are linked to poor
prognosis. However, these markers are not
specific to NSTEMI and may be influenced by
other factors, such as infection, trauma or
malignancy3-8.

Therefore, it is very important to evaluate
inflammation with simple and inexpensive
biometric markers in NSTEMI patients. These
biometric markers include
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neutrophil/lymphocyte ratio (NLR),
platelet/lymphocyte ratio (PLR),
monocyte/HDL ratio (MHR), NS score and total
cholesterol/HDL cholesterol ratio (TC/HDL).
These biometric markers are calculated as
ratios or combinations of parameters obtained
from simple blood tests, such as neutrophil,
lymphocyte, monocyte, platelet and cholesterol
levels. These biometric markers can reflect the
relationship between the immune system and
endothelial dysfunction and show the impact of
inflammation on atherosclerosis. The NLR,
MHR, PLR and TC/HDL ratios are biometric
markers obtained from simple and inexpensive
blood tests that are associated with
inflammation and atherosclerosis. These ratios
are used to assess the risk of ACS. These ratios
are associated with adverse outcomes such as
heart failure, myocardial infarction,
arrhythmias and mortality in CVD patients.
Studies in the literature also support that these
ratios have prognostic value in NSTEMI
patients. However, some studies also suggest
that these ratios are not sufficient or consistent
with other risk scores or inflammatory
markers?-13,

The systemic immune-inflammatory index (SII)
is calculated as the product of the neutrophil
count and platelet count divided by the
lymphocyte count and reflects the balance
between inherited and acquired immunity. SII is
an important indicator of inflammatory
processes associated with disease progression,
especially in patients with infectious diseases or
other conditions. The SII can reflect the
relationship between the immune system and
endothelial dysfunction associated with chronic
inflammatory conditions such as cardiovascular
disease (CVD). Studies in the literature support
that the SII has prognostic value in NSTEMI
patients!417. In particular, it has been shown
that the SIl is associated with adverse outcomes
such as mortality, myocardial infarction, stent
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thrombosis and heart failure in NSTEMI

patients.

The Naples score (NS) score is a score that
includes inflammatory markers such as the
lymphocyte-monocyte ratio (LMR), NLR, total
cholesterol and albumin. The NS score is used to
assess the risk of acute coronary syndrome
(ACS). It has been shown that the NS score is
associated with adverse outcomes such as
mortality, myocardial infarction and stent
thrombosis in patients with high NS score.
Studies in the literature also support that the NS
score has prognostic value in ACS patients181,
However, some studies also suggest that the NS
score is not sufficient or shows lower
performance compared to other risk scores.

Other scores used to assess the cardiovascular
risk of NSTEMI patients include HEART
(History, ECG, Age, Risk factors, Troponin) and
TIMI (Thrombolysis in myocardial infarction)
scores. These scores are based on clinical
features such as age, ECG findings, angina
frequency, cardiac biomarkers, coronary artery
disease history, blood pressure and troponin
level. Patients with high scores have a greater
risk of mortality, myocardial infarction and
ischemic complications. In this study, it was also
found that these scores are sensitive and
specific tests for NSTEMI diagnosis20-21. Studies
in the literature also support that these scores
have prognostic value in NSTEMI patients.
However, some studies also suggest that these
scores are not sufficient or consistent with each
other. Therefore, it is recommended to use
these scores together rather than alone.

In this study, aims to compare the SII and NS
with the NLR, MHR, PLR and TC/HDL ratios and
with other conventional risk scores such as the
TIMI and HEART in NSTEMI patients. We
hypothesized that the SIl and NS would be more
suitable independent predictors of in-hospital
and long-term mortality than the NLR, MHR,
PLR and TC/HDL ratios in this population.
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METHODS

The local ethics committee approved this study
(Decision Date/No: 20.09.2022/362). This
study was a retrospective analysis of 50
patients with non-ST elevation myocardial
infarction (NSTEMI) and 50 age and sex-
matched controls who were admitted to our
hospital from January 2020 to December 2020.
We obtained the data from the hospital records.
The NSTEMI group included patients who met
the fourth universal definition of MI and had
complete blood count, lipid profile, troponin
level, and electrocardiogram (ECG) data at
admission. We excluded patients who had
previous MI, coronary artery bypass grafting
(CABG), percutaneous coronary intervention
(PCI), malignancy, chronic kidney disease, or
inflammatory or infectious disease. The control
group had normal coronary angiography results
and no history of cardiovascular disease.

The SII was calculated as follows: SII =
neutrophil count x platelet count/lymphocyte
count (14). The NS score was calculated as
follows: The NS score was based on the levels of
NLR, LMR, serum albumin and total cholesterol.
According to Galizia et al.’s method (the cutoff
values of NLR and LMR were defined by MaxStat
analysis), serum total cholesterol level <180
mg/dL, albumin level <40 g/L, LMR level <4 or
44NLR level >2.96 each was assigned 1 point
and otherwise 0 point. The NS score was
calculated by adding the scores of the
aforementioned parameters?223, The other
ratios, indices, and risk scores that were
calculated for each patient were: The TC/HDL,
PLR, MLR, NLR, the total TIMI risk score, and the
HEART score. The TIMI risk score was based on
clinical features such as age, ECG findings,
angina frequency, cardiac biomarkers, coronary
artery disease history, and blood pressure2?.
The HEART score was based on clinical features
such as history, ECG findings, age, risk factors,
and troponin level?1,

Statistical Analysis

The analysis of the data was conducted utilizing
the software SPSS, version 21.0 software (IBM
Corp., NY, USA). Continuous variables were
expressed as meantstandart deviations.
Comparisons between groups were conducted
with the independent samples t-test, while the
chi-square test was utilized for the analysis of
categorical data.

The correlations between the SII, NS and other
ratios, indices, and risk scores were analyzed
using Pearson’s correlation coefficient. A
correlation coefficient of more than 0.5 or less
than -0.5 was considered strong, while a
coefficient of between 0.3 and 0.5 or between -
0.3 and -0.5 was considered moderate.

The predictive values of the SII, NS and other
ratios, indices, and risk scores were assessed
using receiver operating characteristic (ROC)
analysis. The optimal cut-off values were
determined by maximizing the Youden index. A
higher AUC indicated a better predictive
performance.

RESULTS

The study population consisted of 50 patients
with NSTEMI and 50 age- and sex-matched
control subjects. The baseline characteristics of
the two groups are shown in Table 1. There
were no significant differences between the two
groups in terms of hypertension, diabetes
mellitus, and left ventricular ejection fraction
(LVEF). The NSTEMI group had higher TIMI and
HEART scores than the control group (p<0.001
for both). The NSTEMI group also had
significantly higher values of the SII, NS score,
NLR, MHR, PLR, and TC/HDL than the control
group (p<0.05 for all except LMR and PLR).
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Table I: Baseline charesteristics of the study population

NSTEMI Control P
Mean SD Mean SD
Age, years 61.74| 960| 6028| 950| 0.456
g/‘j)”der' Male (6033 19(39.6) 0.036
';}f)g’e”ans'o” ( 48%3) 35(51.5) 0.415
I(DD}Oa)betesMelhtus (59.2555 17(40.5) 0.078
LVEF, % 50.18 |  8.20 |58.40 8.21 | <0.001
TIMI score 324| 113|146 0.76 | <0.001
HEART score 752 | 1.6 |2.50 1.01 | <0.001
Sii 827.81 | 720.91 |54952 | 347.32 | 0.016
MHR 0.015| 0.009 0.011 0.004 | 0.007
NLR 360| 3.43 199 099 | 0.002
LMR 496 | 250 (6.77 271| 0117
PLR 12435 | 7817 |111.75 42.93 | 0321
TC/HDL 479 | 137|431 101| 0053
NS 176 | 1.20|1.24 113 | 0.035

P <0.05 was considered statistical significant. Values are presented
as n (%) or mean * standard deviation depending on the variable
distribution. Left ventricular ejection fraction (LVEF), the Systemic
immune-inflammatory index (Sll) and the NAPLES Score (NS),
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neutrophil-lymphocyte ratio (NLR), platelet-lymphocyte ratio (PLR),
total cholesterol/HDL cholesterol ratio (TC/HDL), lymphocyte-
monocyte ratio (LMR), monocyte-HDL ratio (MHR).

Table 2 shows the correlations between the SI],
NS with other ratios, indices, and risk scores.
The SII and NS had strongly positive
correlations with MHR, NLR, PLR, and TC/HDL
ratio (r>0.5, p<0.001 for all). The NS and SII also
had moderately positive correlations with TIMI
and HEART scores (r>0.3, p<0.01 for both).
These results suggest that the SII and NS reflect
the balance between inherited and acquired
immunity and the connection between the
immune system and endothelial dysfunction
better than other biometric markers.

Table II: cross-correlation table between risk scores and indices

Timi HEART Sli MHR NLR LMR PLR TC/HDL NS
PearsonCorrelation .853” .230° 116 | 298" -.146 .194 .060 277"
Timi Sig. (2-tailed) 000 | 021 251 | .003 147 .053 552 .005
N 100 100 100 100 100 100 100 100 100
PearsonCorrelation .853" .287" 202" | 346" -.170 .169 112 .281"
HEART Sig. (2-tailed) .000 .004 .043 .000 .091 .092 .265 .005
N 100 100 100 100 100 100 100 100 100
PearsonCorrelation .230° .287" -.068 | .931" -.164 .863" -.157 557"
Sli Sig. (2-tailed) .021 .004 .500 .000 .103 .000 .120 .000
N 100 100 100 100 100 100 100 100 100
PearsonCorrelation 116 202 -.068 -.061 -330"| -.301" .468™ .184
MHR Sig. (2-tailed) .251 .043 .500 .550 .001 .002 .000 .067
N 100 100 100 100 100 100 100 100 100
PearsonCorrelation .298™ .346™ | 931" -.061 -.186 798" -.155 572"
NLR Sig. (2-tailed) .003 .000 .000 .550 .064 .000 123 .000
N 100 100 100 100 100 100 100 100 100
PearsonCorrelation -.146 -.170 -.164 -.330" -.186 -.123 .072 -.321"
LMR Sig. (2-tailed) 147 .091 .103 .001 .064 222 ATT .001
N 100 100 100 100 100 100 100 100 100
PearsonCorrelation .194 169 | .863"| -.301"| .798” -.123 -.265" .508™
PLR Sig. (2-tailed) .053 .092 .000 .002 .000 222 .008 .000
N 100 100 100 100 100 100 100 100 100
PearsonCorrelation .060 112 -.157 468" | -.155 .072 -.265" -.336"
TC/HDL Sig. (2-tailed) .552 .265 .120 .000 123 477 .008 .001
N 100 100 100 100 100 100 100 100 100
PearsonCorrelation 277" 2817 | .B57" 184 | 5727 | -.321" .508™ -.336"
NS Sig. (2-tailed) .005 .005 .000 .067 .000 .001 .000 .001
N 100 100 100 100 100 100 100 100 100

P <0.05 was considered statistical significant. The Systemic Immune-Inflammatory Index (Sll) and the NAPLES Score (NS), neutrophil-
lymphocyte ratio (NLR), platelet-lymphocyte ratio (PLR), total cholesterol/HDL cholesterol ratio (TC/HDL), lymphocyte-monocyte ratio (LMR),

monocyte-HDL ratio (MHR).

203




Gitmez M.

Figure 1 and Table 3 show the receiver operating
characteristic (ROC) analysis for the predictive
values of NS, SII score, and other ratios, indices,
and risk scores for in-hospital and long-term
mortality. The area under the curve (AUC) values
for NS and SII score were significantly higher than
those for other risk scores and biometric markers
(p<0.05 for both). The optimal cut-off values for
the SII, NS score, and NLR were 518.52, 1.5, and
1.94, respectively.

Table Ill: Receiver-operator characteristic (ROC) curve
analysis

AUC (95% Cl)  |P Cutt-off a‘f;z;;) i/p(eo/soi)fit
sl ((’(')‘.55529;0.763) 0.007 |518.52 |62 |62
NS (()6(.5513 jo72a) 0050 |10 |64 |60
T ?6?:351;0.959) <0.001 |2.50 |72 |88
HEART ?6?35?6;0.995) <0.001 450 |94 |90
NLR c()(.).7é-1(.56;0.816) <0.001 |1.94 |64 |64
MHR (()6%3?9;0.755) 0011 [0.0127 |66 |64
PLR ?6?359;0.616) 0967 [102.79 |50 |48
TC/HDL (()6?:5;0.716) 0069 [446 |64 |62
LVR (()(.):.))27(?5;0.484) 0030 |5.04 |42 |40

Results are presented as area under curve (AUC) with 95%
confidence interval (CI). P <0.05 was considered statistical significant.
The Systemic immune-inflammatory index (Sll) and the NAPLES
Score (NS), neutrophil-lymphocyte ratio (NLR), platelet-lymphocyte

ratio (PLR), total cholesterol/HDL cholesterol ratio (TC/HDL),
lymphocyte-monocyte ratio (LMR), monocyte-HDL ratio (MHR).
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Figure 1. Receiver-operator characteristic (ROC) curve
analysis

These results suggest that the SII and NS have
better predictive performance than other risk
scores and biometric markers in NSTEMI patients.

DISCUSSION

This retrospective cohort analysis found that the
SII and NS scores are novel inflammatory
biomarkers and independent predictors of
mortality in NSTEMI patients. In this study, the
association of increased the NS and SII with other
inflammatory markers and risk scores in NSTEMI
patients was demonstrated for the first time. We
also showed that an increased SII and NS score
together with the MLR, NLR, PLR, were
independent predictors of NSTEMI; and that the
SII was significantly correlated with the TIMI and
HEART risk scores. In addition to the SII and NS,
we studied the PLR, NLR, MLR, TC/HDL ratios
which are other indicators of inflammatory status
in patients with acute myocardial infarction.
Patients with NSTEMI have varying prognoses
depending on their characteristics, so it is crucial
to stratify them by risk early on to choose the
optimal treatment during hospitalization and
after discharge. Several risk scores have been
proposed to assess the mortality risk in ACS
patients, such as the TIMI risk score and the
HEART risk score.

The NS is a prognostic scoring model that
combines the values of NLR, LMR, albumin and
total cholesterol. It has been shown to be useful
for predicting mortality in cancer patients and
STEMI patients. Therefore, patients with a high NS
may benefit from more intensive monitoring and
treatment to prevent ischemic events, heart
failure, and myocardial infarction. In our study,
we found that the NS score was significantly
higher in the NSTEMI patient group than in the
control group, and that it correlated positively
with the TIMI and HEART risk scores. These
findings suggest that the NS may be a better
predictor of mortality than its individual
components in NSTEMI patients24-27,

In a study conducted with 4,606 patients with
heart failure, researchers showed that increased
SII predicted short-term mortality28. In addition,
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in patients with NSTEMI, increased SII level was
shown to be an independent predictor of contrast-
induced nephropathy?°. A study by Giizel et al.
suggests that the systemic immune inflammation
index may be a potential indicator for predicting
fractional flow reserve-measured coronary lesion

severity30. All these studies indicate that
increased SII levels are related to poor
cardiovascular events in different cardiac

pathologies. In our study, similar to these studies,
the SII was statistically significantly higher in the
NSTEMI patient group compared to the control
group. There was also a significant positive
correlation with the TIMI and HEART risk scores.

Our study showed that among the various
laboratory markers used to prognosticate ACS
patients, the SII and NS were more powerful
predictors of NSTEMI than ratios such as the MLR,
NLR and PLR. Moreover, the SII had a significant
correlation between the TIMI and HEART risk
scores.

CONCLUSIONS

In conclusion, the SII and NS are inexpensive,
widely available and easy to measure markers
that may have utility for cardiac risk stratification.
Our results may stimulate further research. They
may also be incorporated into routine clinical
practice for patients with ACS and other
cardiovascular conditions. Multicentre and large
sample size studies are needed to test the
applicability of these findings to a larger
population.

Limitations

This study had several limitations, such as the
retrospective and single-center design, single
geographical location which limits the
generalizability of the findings, and the exclusive
focus on NSTEMI patients which restricts the
applicability to other ACS populations. There may
also be uncontrolled confounders that may
influence the multivariate regression results.
Another limitation was the absence of follow-up
values of the variables that constitute the NS,
which would have been useful for evaluating the
NS of patients over time.
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