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Evaluation of systemic inflammation markers in predicting 
cardiac risk in patients with acute chest pain

Acute chest pain (ACP) is among the causes of admission 
to the emergency department (ED) and hospitalization. 

Acute coronary syndrome (ACS) is the most common reason 

of life-threatening ACP. Therefore, accurate identification and 
risk stratification of ACP is critical in the ED. The HEART score 
is designed to assess the short-term risk of major adverse car-

Objectives: This study aimed to evaluate systemic inflammation markers in predicting cardiac risk in patients with 
acute chest pain (ACP), in this way identifying cases with acute coronary syndrome (ACS) in admission to the hospital. 
In addition, the relationship between these markers and the HEART score was investigated.
Methods: By evaluating the laboratory/clinical data, patients with ACP (n=308) aged 18–70 were included in the study. 
As a result of clinical follow-up, patients were categorized into two groups: those diagnosed with ACS and those with 
non-ACS. Low-risk, moderate-risk, and high-risk patient groups were formed using the HEART score. From the routinely 
studied hemogram data, systemic immune inflammation index, systemic inflammation response index (SIRI), neutrophil-
to-lymphocyte ratio (NLR), monocyte-to-lymphocyte ratio, and platelet-to-lymphocyte ratio (PLR) were calculated.
Results: In determining the high-risk group, the highest area under the curve (AUC) was observed as 0.862 (95% con-
fidence interval [CI]=0.818-0.898) at a cutoff value of 2.9 (69.3% sensitivity and 90.3% specificity) for NLR. For SIRI at 
a cutoff value of 2.0, the AUC value was found as 0.855 (95% CI=0.811 to 0.893), having 72.6% sensitivity and 85.2% 
specificity. The strongest association was between the HEART score and SIRI (r=0.612; p<0.001). Comparing patients 
without ACS and patients with ACS, there was no difference in lymphocyte counts, platelet counts, and PLR. In the ROC 
analysis for ACS, the SIRI performed that the highest AUC value was 0.858 (95% CI= 0.814 to 0.895), presenting 77.3% 
sensitivity and 79.5% specificity at a cutoff value of 1.19.
Conclusion: When pre-pandemic data were evaluated, higher NLR or SIRI might help risk stratification for individuals 
with ACP, and it could be recommended for clinical benefit in the emergency department. SIRI, which includes the 
number of monocytes, may be helpful as a novel index in identifying individuals with ACS.
Keywords: Acute chest pain, inflammation, neutrophil-to-lymphocyte ratio, systemic inflammation response index, 
the HEART score, troponin

 Levent Deniz1,  Yasin Yuksel2,  Hilmi Furkan Arslan3,  Hale Aral4,  Umit Bulut5

1Department of Medical Biochemistry, Ministry of Health, Sorgun State Hospital, Yozgat, Türkiye
2Department of Cardiology, Avrasya Hospital, Istanbul, Türkiye
3Department of Medical Biochemistry, Giresun University Maternity and Children Training and Research Hospital, Giresun, Türkiye
4Department of Medical Biochemistry, University of Health Sciences, Kanuni Sultan Suleyman Training and Research Hospital, Istanbul, Türkiye
5Department of Cardiology, University of Health Sciences, Mehmet Akif Ersoy Thoracic and Cardiovascular Surgery Center, Training and 
Research Hospital, Istanbul, Türkiye

Abstract

How to cite this article: Deniz L, Yuksel Y, Arslan HF, Aral H, Bulut U. Evaluation of systemic inflammation markers in predicting cardiac 
risk in patients with acute chest pain. Int J Med Biochem 2023; 6(2):75-83.

This study was presented as an oral presentation at the XXII. National Congress of Clinical Biochemistry, in Antalya (Türkiye), on 12-15 May 2022.

http://orcid.org/0000-0002-5444-9116
http://orcid.org/0000-0002-0450-5503
http://orcid.org/0000-0001-8986-3774
http://orcid.org/0000-0003-1996-956X
http://orcid.org/0000-0002-7686-5356


Int J Med Biochem76

diac events (MACEs) in people who report ACP. It is helpful as 
a quick risk assessment method that identifies patients requir-
ing early invasive intervention in ACP [1].
While neutrophils, monocytes, and platelets enhance athero-
sclerosis, lymphocytes prevent atherosclerosis [2]. Therefore, 
the systemic immune inflammation index (SII) is one of the in-
dicators useful in a variety of conditions, including cancer and 
cardiovascular disease. The SII represents three key immune re-
sponse pathways: inflammation (represented by neutrophilia), 
thrombosis (represented by thrombocytosis), and the body’s 
response to stress (represented by lymphopenia) [3]. Mean-
while, as shown in previous epidemiological data, monocytes 
are also activated. Furthermore, monocyte counts * neutrophil-
to-lymphocyte ratio (NLR) is used in the systemic inflammation 
response index (SIRI) as a prognostic indicator [4].
Although high-sensitive cardiac troponins (hsTn) are generally 
used for earlier prediction of acute myocardial infarction (AMI), 
there is still no standardization [5]. There may be analytical 
variations or other misinterpretations due to the preanalytical 
variables, such as sample types, age, sex, ED populations, or 
patients with an acute phase response [6]. Without increasing 
or decreasing troponin in serial sampling, values passing the 
assay-specific upper reference limit (URL) indicate myocardial 
damage but not in favor of AMI. On the other hand, observing 
upward deviations in troponin levels in shorter periods indi-
cates reduced ED burden and better control of health-care 
resources, thanks to the ability to select those who need ur-
gent intervention. It has been observed that there is a need 
for guidelines to be prepared jointly by the group consisting 
of laboratory specialists, clinicians, manufacturer representa-
tives, medical statisticians, and legal regulators [7, 8].
This study aimed to evaluate systemic inflammation markers 
in predicting cardiac risk in patients with ACP, in this way iden-
tifying cases with ACS, in admission to the hospital. Further-
more, the relationship between these markers and the HEART 
score was investigated.

Materials and Methods
We retrospectively reviewed 308 patients’ findings or diag-
noses at admission to Istanbul Training and Research Hospital 
from April 2018 to September 2018.
The study included patients with ACP whose blood hsTnI 
level was requested because of ACS suspicion among those 
simultaneously blood creatinine levels and complete blood 
counts measured and recorded in the hospital/laboratory 
information system. We excluded patients aged below 18 
years and above 70 years, with known active infection, ma-
lignancy, hematological disorders, severe liver failure, au-
toimmune disease, taking steroid therapy, intoxication, kid-
ney failure, estimated glomerular filtration rate (eGFR) <45 
mL/min, or hemoglobin <8 g/dL.
The HEART score is based on five separate variables: History 
(H), electrocardiogram (E), age (A), cardiovascular risk factors 

(R), and cardiac troponin (T). The score criteria for “H” are as 
follows: A score of 0 indicates a non-specific history for ACS, a 
score of 1 indicates a history that comprises both traditional 
and non-traditional ACS features, and a score of 2 indicates a 
specific history for ACS. The score criteria for “E” are as follows: 
A score of 0 indicates that the ECG is normal, a score of 1 in-
dicates that the ECG is abnormal with non-specific repolariza-
tion anomalies, and a score of 2 indicates that there is a signif-
icant ST depression/elevation. The score criteria for “A” are as 
follows: A score of 0: ≤45 years, a score of 1: 45–64 years, and a 
score of 2: ≥65 years. The score criteria for “R” are as follows: A 
score of 0 indicates that there are no traditional risk variables, 
a score of 1: 1–2 risk variables, and a score of 2: ≥3 risk vari-
ables. Risk variables: Diabetes, obesity, smoking, hypercholes-
terolemia (total cholesterol ≥200 mg/dL, low-density lipopro-
tein-cholesterol ≥130 mg/dL), hypertension (systolic/diastolic 
≥140/90 mmHg), ± a coronary artery disease (CAD) family his-
tory. This is an automatic score of 2 if you have a documented 
diagnosis of any of the following conditions: AMI, peripheral 
arterial disease, previous coronary revascularization, or stroke. 
The score criteria for “T” are as follows: A score of 0: troponin 
less than sex-specific URL, a score of 1: 1–3 times the URL, and 
a score of 2: ≥3 times the URL [1].
Each of the five categories have a scoring range of 0 to 2. The 
total HEART score ranges from 0 to 10. The low score (0–3) 
predicts patients who are candidates for early discharge. The 
moderate risk score (4–6) predicts patients who are candi-
dates for additional observation and evaluation. And high risk 
score (7–10) predicts patients who are candidates for emer-
gency intervention [9]. Using the HEART score, we achieved 
three groups: patients with low risk (Group 1, n=47), patients 
with moderate risk (Group 2, n=108), and patients with high 
risk (Group 3, n=153). In addition, we compared patients with 
non-ACS (n=39) and patients with ACS (n=269).
On February 25, 2022, the Health Sciences University Istanbul 
Training and Research Hospital Clinical Research Ethics Com-
mittee authorized this project, registered as 87. The Helsinki 
Declaration, patient rights regulations, and ethical guidelines 
guided the study’s design.

Biochemical analysis
Complete blood count parameters were analyzed in sam-
ples anticoagulated with ethylenediaminetetraacetic acid via 
XN1000 (Sysmex Co., Kobe, Japan). Routine biochemistry and 
immunochemistry were performed via AU680 and Access 2 
(Beckman Coulter Inc., Brea, California, US.). URL of hsTnI was 
used as 11.6 pg/mL for females and 19.8 pg/mL for males, 
specified by the manufacturer (Access hsTnI, reference num-
ber: B52699, document number: C11140.M, July 28, 2021, 
Beckman Coulter Inc., US). Plasma hsTnI levels were deter-
mined in heparinized blood samples.
The equation calculates SII: [10] (platelet count * neutrophil 
count)/lymphocyte count. Likewise, the equation calculates SIRI: 
(monocyte count * neutrophil count)/lymphocyte count [11].
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Statistical analysis
To evaluate if the data fit a normal distribution, the Kol-
mogorov–Smirnov test was used. Categorical data were ex-
hibited as the ratio (percent) and continuous data as median 
(25th–75th percentile). Analysis for the categorical test was per-
formed with the Chi-square test. Kruskal–Wallis or Mann–Whit-
ney U tests were utilized to compare independent groups. The 
relationship between systemic inflammation parameters and 
HEART score in all groups was examined by Spearman corre-
lation analysis. The diagnostic performance of the tests was 
evaluated using receiver operating characteristic (ROC) anal-
ysis. The appropriate cutoff value was determined using the 
Youden index. In order to compare the performances of the 
tests, ROC pairwise comparison was made, and area under the 
curve (AUC) values were compared. Separate logistic regres-
sion analysis was undertaken to account for covariance be-
tween the systemic inflammation indexes. All statistical evalu-
ations were made in SPSS version 26.0 (IBM Corp, Armonk, New 
York, United States). p significance level was accepted as <0.05.

Results
Our study comprised 262 (85%) males and 46 (15%) females; 111 
(36%) patients were diabetic, 229 (74%) were hyperlipidemic, and 
212 (69%) were hypertensive. Among the patients who were hos-
pitalized and underwent interventional procedures due to ACS, 
161 (52.3%) were diagnosed with non-ST-elevation myocardial in-
farction (NSTEMI), 86 (27.9%) with ST-elevation myocardial infarc-
tion (STEMI), and 22 (7.1%) with unstable angina. ACS was ruled 
out in 39 (12.7%) people hospitalized at the ED, associated with 
chest pain of non-ACS origin, due to clinical and laboratory data.

The study group’s average age was 56.5±0.41 years. Among all 
the groups, we had no difference in age. The high-risk group 
presented an increased rate of hypertension, hyperlipidemia, 
diabetes mellitus, angiotensin receptor/angiotensin-convert-
ing enzyme blockers, antidiabetic agent, acetylsalicylic acid, 
statins, beta-blockers, calcium channel blockers, and diuretic 
drug use (Table 1).
There was no statistical difference between low- , moderate- 
and high-risk score groups regarding platelet count, serum 
creatinine, and eGFR. While hsTnI, neutrophil, monocyte, NLR, 
SII, SIRI, monocyte-to-lymphocyte ratio (MLR), and platelet-to-
lymphocyte ratio (PLR) were higher in the high-risk, lymphocyte 
levels were lower in the high-risk group compared to the low-
risk group. While monocyte, lymphocyte, SIRI, and hsTnI levels 
were higher in the moderate-risk group, PLR levels were lower in 
the moderate-risk group compared to the low-risk group. While 
neutrophil, SII, SIRI, NLR, MLR, PLR, and hsTnI levels were higher 
in the high-risk group, lymphocyte levels were lower in the high-
risk group compared to the moderate-risk group (Table 2).
While neutrophil, monocytes, SII, SIRI, NLR, MLR, and hsTnI lev-
els were higher in ACS, no difference was found between the 
groups in platelets, lymphocytes, and PLR (Table 3).
In the ROC analysis for ACS, of the inflammation markers, the 
SIRI performed the highest AUC value was 0.858 (95% confi-
dence interval [CI]=0.814–0.895), presenting 77.3% sensitivity 
and 79.5% specificity at a cutoff value of 1.19. In the ROC analy-
sis for the HEART score, the AUC value is 0.991 (95% CI=0.972–
0.998), offering 97% sensitivity and 100% specificity (Table 4).
The correlation analysis performed in all groups showed 
a significant relationship between SIRI, SII, NLR, MLR, PLR, 

Table 1. Comparing demographic and comorbidities data between the three groups, considering the HEART score level

Parameter		  Low-score			  Moderate-score		  High-score		  p* 
			   (n=47)			   (n=108)			   (n=153)

		  n		  %	 n		  %	 n		  %	

Age (years)		  58 (51–62)			   56 (49–60)			   57 (52–63)		  0.056
Gender
	 Male	 21		  44.7	 107		  99.1	 134		  87.6	 <0.001
	 Female	 26		  55.3	 1		  0.9	 19		  12.4
Diabetes mellitus 	 14		  30	 17		  16	 80		  52	 <0.001
Hypertension 	 11		  23	 73		  68	 128		  84	 <0.001
Hyperlipidemia 	 14		  30	 82		  76	 133		  87	 <0.001
ARB/ACE inhibitors	 14		  30	 67		  62	 116		  76	 <0.001
Beta-blockers	 8		  17	 91		  84	 119		  78	 <0.001
CCB	 0		  0	 14		  13	 34		  22	 0.001
Diuretics	 2		  4	 19		  18	 39		  26	 0.005
ASA	 6		  13	 78		  72	 111		  73	 <0.001
Anti-diabetic agent	 16		  34	 14		  13	 71		  46	 <0.001
Statins	 17		  36	 75		  69	 132		  86	 <0.001

*: p<0.05 statistical significance. The data is given as a number (%) or as the median (25th-75th percentile). Kruskal Wallis test was applied for continuous variables, and the Chi-
square test was applied for discrete variables. The total HEART score ranges from 0 to 10; low-risk score: 0–3; moderate-risk score: 4–6; high-risk score: 7–10 [9]. ACE: Angiotensin-
converting enzyme; ARB: Angiotensin receptor blockers; CCB: Calcium channel blockers; ASA: Acetylsalicylic acid.
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and HEART scores. The strongest correlations were found 
between the HEART score and SIRI (r=0.612; p<0.001), as 
shown in Table 5.
In ROC analysis of the low- and moderate-risk groups (Group 
1 and Group 2) versus high-risk group (Group 3), we had NLR 
with the highest AUC value of 0.862 (95% CI = 0.818–0.898), 
presenting 69.3% sensitivity and 90.3% specificity at a cutoff 
value of 2.9. For SIRI at a cutoff value of 2.0, the AUC value ap-
peared as 0.855 (95% CI=0.811–0.893), having 72.6% sensitiv-
ity and 85.2% specificity (Appendix 1 and Fig. 1). The pair-wise 
comparison of AUC levels showed no significant difference 
between NLR and SIRI, while NLR had a significantly higher 
performance than all other indices (Appendix 2).

NLR, PLR, SII, SIRI, and MLR had a significant relationship with the 
high-risk group in the univariate regression analysis. Furthermore, 
after adjusting for gender, age, diabetes, hyperlipidemia, and hy-
pertension, all inflammation markers we studied remained sta-
tistically significant in multivariate regression analysis (Table 6).

Discussion
The HEART score is accepted for the cardiac risk category 
and recommended management strategy; patients with low 
HEART scores (<3) may be safely discharged from the ED with 
a very low risk of significant adverse cardiac events, thereby 
lowering needless hospital stays and hence expenditure on 

Table 3. Comparing laboratory data between the two groups, considering the ACS

Parameter	 Non-ACS (n=39)	 ACS (n=269)	 p

Age (years)	 58 (51–63)	 57 (51–62)	 0.543
HEART score	 1 (1–2)	 7 (5–9)	 <0.001
Neutrophil count (109/L)	 4.51 (3.73–5.84)	 6.25 (4.84–7.86)	 <0.001
Platelet count (109/L)	 242 (213–292)	 262 (216–304)	 0.172
Monocyte count (109/L)	 0.51 (0.25–0.63)	 0.77 (0.63–0.94)	 <0.001
Lymphocyte count (109/L)	 2.52 (1.94–2.91)	 2.34 (1.74–3.17)	 0.768
SII	 480 (349–616)	 668 (442–1020)	 <0.001
SIRI	 0.78 (0.51–1.19)	 1.96 (1.22–3.48)	 <0.001
NLR	 1.81 (1.56–2.43)	 2.60 (1.73–3.79)	 <0.001
PLR	 99.0 (82.5–130)	 107 (81.0–157)	 0.285
MLR	 0.19 (0.10–0.28)	 0.32 (0.24–0.45)	 <0.001
hsTnI (ng/L)	 18.9 (15.9–22.7)	 1276 (131–13435)	 <0.001
eGFR (ml/min/1.73 m2)	 92.3 (61.7–103)	 98 (85–107)	 0.054
Creatinine (mg/dL)	 0.84 (0.64–1.00)	 0.84 (0.72–0.97)	 0.583

Data are presented median (25th-75th percentile). For continuous variables, Mann-Whitney U test was utilised. ACS: Acute coronary syndrome; SII: Systemic immune-inflammation 
index; SIRI: Systemic inflammation-response index; NLR: Neutrophil to lymphocyte ratio; PLR: Platelet to lymphocyte ratio; MLR: Monocyte to lymphocyte ratio; hsTnI: High‐
sensitivity troponin I; eGFR: Estimate glomerular filtration rate. P<0.05: Statistically significant.

Table 2. Comparing laboratory data between the three groups, considering the HEART score level

Parameter	 Low-score (n=47)	 Moderate-score (n=108)	 High-score (n=153)	 p*

Neutrophil count (109/L)	 4.90 (3.88–6.26)	 5.29 (4.27–6.14)	 7.15 (5.84–9.12)a***,b***	 <0.001
Platelet count (109/L)	 248 (213–299)	 261 (213–309)	 261 (216–299)	 0.774
Monocyte count (109/L)	 0.53 (0.34–0.64)	 0.77 (0.65–0.88)a***	 0.79 (0.63–1.04)a***	 <0.001
Lymphocyte count (109/L)	 2.52 (1.94–2.76)	 3.05 (2.35–3.62)a**	 1.87 (1.44–2.60)a**,b***	 <0.001
SII	 520 (361–631)	 441 (325–633)	 878 (616–1383)a***,b***	 <0.001
SIRI	 1.01 (0.62–1.31)	 1.26 (0.94–1.83)a**	 3.02 (1.82–4.29)a***,b***	 <0.001
NLR	 2.03 (1.59–2.57)	 1.69 (1.32–2.29)	 3.49 (2.58–5.15)a***,b***	 <0.001
PLR	 107 (86.0–130)	 84.0 (66.0–110)a**	 124 (96–178)a**,b***	 <0.001
MLR	 0.20 (0.13–0.28)	 0.26 (0.21–0.32)	 0.41 (0.30–0.59)a***,b***	 <0.001
hsTnI (ng/L)	 19.3 (15.7–24.1)	 248 (48–2218)a***	 4402 (529–26553)a***,b***	 <0.001
eGFR (ml/min/1.73 m2)	 92.3 (64.4–103.1)	 97.1 (88.5–108)	 98 (82.9–105)	 0.069
Creatinine (mg/dL)	 0.84 (0.64–1.00)	 0.85 (0.73–0.95)	 0.83 (0.71–0.99)	 0.811

**: p<0.01; ***: p<0.001; a: Low-score; b: Moderate-score. Data are presented median (25th-75th percentile). P*; for continuous variables, Kruskal Wallis test was utilised. SII: Systemic 
immune-inflammation index; SIRI: Systemic inflammation-response index; NLR: Neutrophil to lymphocyte ratio; PLR: Platelet to lymphocyte ratio; MLR: Monocyte to lymphocyte 
ratio; hsTnI: High‐sensitivity troponin I; eGFR: Estimate glomerular filtration rate. P<0.05: Statistically significant.
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health [12]. The HEART score for ACP-admitted patients in the 
ED gives the physician a rapid and accurate prognosis pre-
diction quickly after the patient is admitted, without requir-
ing electronic computation [13]. Thrombolysis in myocardial 
infarction (TIMI), HEART, and the Global Registry of Acute 
Coronary Events (GRACE), which are frequently used for risk 
classification of ACP patients, are validated risk scores in order 
to predict adverse clinical results. In a study, while TIMI and 
HEART scores had better performance than GRACE in predict-
ing MACEs, no significant difference was found between the 
scores TIMI and HEART [14]. In another study, the HEART score 
surpassed the GRACE and TIMI levels in discriminating MACEs 
in patients with ACP and determining the low-risk patient 
group [15]. In our study, the HEART scoring system was uti-
lized, because it is a risk assessment tool that identifies high-
risk patients requiring early invasive intervention for ACP [1].
Elevated troponin levels, measured by the immunochem-
istry method, may sometimes be misleading in favor of ACS. 
Macrotroponin or high-molecular-weight complexes may 
cause false troponin elevations [16–18]. However, the precise 
value of multiple biomarkers in place of or in addition to car-
diac troponin in diagnosing ACS has yet to be established [19]. 
HsTn I or T will help for the early diagnosis and exclusion of 
AMI and the detection of cardiac cell death related to a va-
riety of other pathophysiological events. Troponins will chal-
lenge clinicians to distinguish between these different events 
[20]. Concomitant use of inflammation and myocardial stress 
biomarkers improves this prediction.
Higher SII and SIRI were initially presented as markers of poor 
prognosis in cancer, as they potentially represent the body’s 
systemic inflammatory response. Although its role in cancer 
patients is known, the role of SIRI in cardiovascular diseases 
has not been revealed, and there are very few studies on this 
subject in the literature [4, 21–25]. It was observed that higher 
monocytes, neutrophils, and lower lymphocyte levels, the 
three parameters of SIRI, were linked to elevated cardiovascu-
lar disease risk and mortality [4].
In our study, we found cutoff values for NLR (2.9), SIRI (2.0), SII 
(657), MLR (0.37), and PLR (119) to distinguish high-risk patients 
with ACP at ED admission. In determining the high-risk group, 
the highest AUC was observed in NLR, showing a significantly 
higher performance than all other indices. For SIRI at a cutoff 
value of 2.0, the AUC value was found as 0.855. Besides, the pair-

wise comparison of AUC levels showed no significant difference 
between NLR and SIRI. In comparing the non-ACS patients with 
those of ACS, while SII, SIRI, NLR, and MLR were higher, there was 
no difference in lymphocyte, platelet counts, and PLR. In the 
ROC analysis for ACS, the SIRI performed the highest AUC value 
of 0.858 at a cutoff value of 1.19. Some studies reported that 
NLR, PLR, SII, and MLR indices could be used to identify high-risk 
ACS patients [2, 26]. NLR had independently predicted ACS risk 
[27, 28]. In Turkish population, NLR was higher in STEMI com-
pared to USAP. Moreover, NLR could be used at admission as an 
auxiliary parameter for predicting of ACS [29]. In a systemic re-
view, NLR of 5.0 was suggested for ACS risk [30]. It was shown to 
be linked with the SYNTAX score in research conducted in NSTE-
ACS [31]. There was a relationship between NLR and coronary 
lesion severity using the Gensini score [32]. Higher NLR was 
associated with cardiovascular events, in a meta-analysis [33]. 
Furthermore, it was stated that the NLR score refers to the com-
plexity and degree of ACS as determined by the TIMI, SYNTAX, 
and GRACE scores [34]. In a report comparing individuals with 
stable CAD and MI, no difference in platelet counts, mean 
platelet volume, platelet distribution width and platelet large 
cell ratio was found [35]. In a systematic review, PLR was related 
to inhospital and long-term all-cause mortality and cardiovas-
cular events in ACS [36]; the longer platelet half-life may lead 
to prognostic importance rather than diagnostic importance. In 
a study, PLR and NLR were shown as independent influencing 
variables for MACE following the coronary intervention [37]; in 
another study, NLR, MLR, and PLR had independent predictive 

Table 4. Receiver operating curve analysis of inflammation markers and HEART score in identifying ACS

Parameter	 AUC	 95 CI%	 Cut-off value	 Sensitivity	 Specificity	 p

NLR	 0.674	 0.618–0.726	 >2.94	 42.4	 94.9	 <0.001
SIRI	 0.858	 0.814–0.895	 >1.19	 77.3	 79.5	 <0.001
SII	 0.688	 0.633–0.739	 >654	 51.3	 84.6	 <0.001
MLR	 0.778	 0.727–0.823	 >0.25	 69.9	 71.8	 <0.001
HEART score	 0.991	 0.972–0.998	 >3	 97.0	 100	 <0.001

ACS: Acute coronary syndrome; AUC: Area under curve; CI: Confidence interval; NLR: Neutrophil to lymphocyte ratio; SIRI: Systemic inflammation-response index; SII: Systemic 
immune-inflammation index; MLR: Monocyte to lymphocyte ratio.

Table 5. Spearman correlation analysis between systemic 
inflammation markers and HEART score

In all groups (n=308)		  HEART score

Parameter	 r		  p

SIRI	 0.612		  <0.001
SII	 0.461		  <0.001
NLR	 0.520		  <0.001
PLR	 0.268		  <0.001
MLR	 0.528		  <0.001

SIRI: Systemic inflammation-response index; SII: Systemic immune-inflammation 
index; NLR: Neutrophil to lymphocyte ratio; PLR: Platelet to lymphocyte ratio; MLR: 
Monocyte to lymphocyte ratio.
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values for MACE [2]. According to univariate regression analysis, 
NLR and MLR were found to be predictive of adverse cardiac 
events in another study [38]. Both PLR > 204.4 and NLR > 3.1 
were linked to cardiovascular adverse events in CAD [39].

Patients with ACS showed significantly higher SIRI and SII com-
pared to stable ischemic heart disease [21, 25]. In another study, 
SIRI was found to have the highest values in ACS and was sig-
nificantly higher than in stable CAD [25]. In a study using the 
Gensini score, SII had an independent predictive value in pre-
dicting the occurrence and degree of CAD [40]. In addition to 

showing cardiac risk in ACS, another study showed that SII had 
an independent relationship to the extent of coronary stenosis 
in chronic coronary syndrome [41]. After a coronary interven-
tion, SII showed a more robust prediction of MACE than con-
ventional risk factors in CAD patients. A cohort study found high 
SIRI and SII index levels to predict stroke and all-cause mortal-
ity. SIRI, including the number of monocytes, was observed to 
have a predictive value for ACS [4]. SIRI combines monocytes, 
neutrophils, and lymphocytes to reflect the equilibrium of in-
flammation regulators. Composite markers such as SIRI are 
more stable and less sensitive to many factors than a single 
inflammatory marker. In a study, higher SIRI levels were associ-
ated with an increased risk of long-term clinical cardiovascular 
events. A high SIRI score indicated a robust pro-inflammatory 
response conducted by monocytes and neutrophils and a weak 
or suppressed anti-inflammatory response mediated by lym-
phocytes [23]. The aggregate index of systemic inflammation 
(AISI), SIRI, and neutrophil to lymphocyte × platelet ratio have 
been shown to have diagnostic values for MACE in ACS after the 
coronary intervention, and thus, AISI and SIRI are novel inflam-
matory indicators that can be used to predict prognosis [22, 23]. 
It was reported that the SIRI could increase the prognostic value 
of the GRACE risk score [22, 24]. In our study, it was observed to 
have relatively low diagnostic performance for SII and PLR. On 
the other hand, NLR or SIRI were noticed as prominent indices 
to distinguish high-risk patients with ACP at ED admission. SIRI, 
which includes the number of monocytes, may be helpful as a 
novel prognostic index for individuals with ACP.
To our knowledge, no one has studied the association be-
tween the SII and SIRI and the HEART risk score. Among the 
systemic inflammation markers in our study, SIRI (r=0.612), 
MLR (r=0.528), and NLR (r=0.520) correlated better with the 
HEART score (Table 5) than SII (r=0.461) or PLR (r=0.268). In 
a study with non-ST ACS patients, a significant relationship 
was shown between the HEART score and the NLR (r=0.452), 
PLR (r=0.539). In the same study, cut-off values of 3.95 for NLR 
and 115.5 for PLR were found to detect high risk patients [1]. 
Other studies showed associations of NLR with the TIMI score 
in STEMI [42] and of NLR with GRACE risk in ACS [43]. 
COVID-19 positivity emerges simultaneously in some patients 
with ACP during the pandemic. Myocardial injury may inde-

Table 6. Binary logistic regression analysis results for the high-risk patient group

	 Univariate regression			   Multivariate regression 
	 (Unadjusted)	  			   (Adjusted)

Parameter	 OR	 %95 CI	 p	 Parameter	 ORa	 %95 CI	 p

NLR >2.90	 21.05	 11.17–39.67	 <0.001	 NLR >2.90	 46.51	 17.46–123.8	 <0.001
SIRI >2.0	 15.17	 8.598–26.76	 <0.001	 SIRI >2.0	 18.87	 9.266–38.41	 <0.001
MLR >0.37	 12.75	 6.929–23.46	 <0.001	 MLR >0.37	 16.60	 7.721–35.70	 <0.001
SII >657	 10.93	 6.420–18.60	 <0.001	 SII >657	 16.03	 8.115–31.66	 <0.001
PLR >119	 1.013	 1.009–1.017	 <0.001	 PLR >119	 5.725	 3.024–10.84	 <0.001

a: Odds ratio adjusted for age, gender, diabetes, hyperlipidemia, and hypertension. OR: Odds ratio; CI: Confidence interval; NLR: Neutrophil to lymphocyte ratio; SIRI: Systemic 
inflammation-response index; MLR: Monocyte to lymphocyte ratio; SII: Systemic immune-inflammation index; PLR: Platelet to lymphocyte ratio.

Figure 1. Receiver operating curve analysis for systemic immune-
inflammation index, systemic inflammation-response index, platelet 
to lymphocyte ratio, neutrophil to lymphocyte ratio, and monocyte 
to lymphocyte ratio in identifying high-risk patients.
ROC: Receiver operating characteristic; NLR: Neutrophil to lymphocyte ratio; 
PLR: Platelet to lymphocyte ratio; SII: Systemic immune-inflammation index; SIRI: 
Systemic inflammation-response index; MLR: Monocyte to lymphocyte ratio.
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pendently indicate progression to severe disease and adverse 
clinical outcomes such as mortality in patients with COVID-19 
[44]. After viral infection, the hypoxia-inducible factor-1 signal-
ing pathway is abnormally activated in the patient’s peripheral 
blood mononuclear cells. Phenotypic transformation of vascular 
smooth muscle cells is the proposed mechanism in aneurysms 
and atherosclerosis, hence endothelial dysfunction [45]. We in-
cluded patients who attended before the COVID-19 pandemic 
period. It may not be clear whether patients with ACP are infected 
with COVID-19 due to the poor performance of most COVID-19 
diagnostic methods. Inflammation indices could lead to mislead-
ing results in patients with ACP accompanied by COVID-19. We 
think the pre-pandemic period increases the power of the study.

Study limitations
The limitation of our study is that it was conducted retrospec-
tively at a single center.

Conclusion
The indices NLR, SIRI, SII, PLR, and MLR had independent pos-
itive predictive values for those with high-risk scores. When 
pre-pandemic data were evaluated, higher NLR or SIRI might 
help risk stratification for individuals with ACP, and it could be 
recommended for clinical benefit in ED. The strongest correla-
tion was found between the HEART score and SIRI. SIRI, which 
includes the number of monocytes, may be helpful as a novel 
index in identifying individuals with ACS.

Conflict of Interest: The authors declare that there is no conflict 
of interest.

Ethics Committee Approval: The study was approved by The 
University of Health Sciences Istanbul Training and Research Hospi-
tal Clinical Research Ethics Committee (No: 87, Date: 25/02/2022).

Financial Disclosure: The authors declared that this study has 
received no financial support.

Peer-review: Externally peer-reviewed.

Authorship Contributions: Concept – L.D., H.A.; Design – L.D., Y.Y., 
H.A.; Supervision – L.D., Y.Y., H.F.A., H.A., U.B.; Materials – L.D., Y.Y., H.A.; 
Data collection &/or processing – L.D., Y.Y.; Analysis and/or interpre-
tation – L.D., Y.Y., H.F.A., H.A., U.B.; Literature search – L.D., Y.Y., H.F.A., 
H.A.; Writing – L.D., H.A.; Critical review – L.D., H.F.A., Y.Y., H.A., U.B.

References
1.	 Seaoud E, Mohamed A, Elkot MA. The role of the platelet/lym-

phocyte ratio and neutrophil/lymphocyte ratio in predicting 
high-risk heart score in patients admitted with non-ST eleva-
tion acute coronary syndrome. Pulse (Basel) 2020;8(1-2):66–74.

2.	 Gao X, Liu Y, Tian Y, Rao C, Shi F, Bu H, et al. Prognostic value 
of peripheral blood inflammatory cell subsets in patients with 
acute coronary syndrome undergoing percutaneous coronary 
intervention. J Int Med Res 2021;49(4):3000605211010059.

3.	 Ozkan U, Gurdogan M, Ozturk C, Demir M, Akkus OF, Yilmaz E, 

et al. Systemic immune-inflammation index: a novel predictor 
of coronary thrombus burden in patients with non-ST acute 
coronary syndrome. Medicina (Kaunas) 2022;58(2):143.

4.	 Jin Z, Wu Q, Chen S, Gao J, Li X, Zhang X, et al. The associ-
ations 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. [CrossRef ]

5.	 Collet JP, Thiele H, Barbato E, Barthelemy O, Bauersachs J, Bhatt 
DL, et al. 2020 ESC Guidelines for the management of acute 
coronary syndromes in patients presenting without persis-
tent ST-segment elevation. Eur Heart J 2021;42(14):1289–367.

6.	 Kavsak PA, Mondoux SE, Martin J, Hewitt MK, Clark L, Caruso 
N, et al. Disagreement between cardiac troponin tests yield-
ing a higher incidence of myocardial injury in the emergency 
setting. J Cardiovasc Dev Dis 2021;8(3):31. [CrossRef ]

7.	 Clerico A, Zaninotto M, Ripoli A, Masotti S, Prontera C, Passino 
C, et al. The 99th percentile of reference population for cTnI 
and cTnT assay: methodology, pathophysiology and clinical 
implications. Clin Chem Lab Med 2017;55(11):1634–51.

8.	 Mullins KE, Christenson RH. Optimal detection of acute my-
ocardial injury and infarction with cardiac troponin: beyond 
the 99th percentile, into the high-sensitivity era. Curr Cardiol 
Rep 2020;22(9):101. [CrossRef ]

9.	 Brady W, de Souza K. The HEART score: A guide to its appli-
cation in the emergency department. Turk J Emerg Med 
2018;18(2):47–51. [CrossRef ]

10.	Wang Z, Zhang J, Luo S, Zhao X. prognostic significance of 
systemic immune-inflammation index in patients with diffuse 
large B-cell lymphoma. Front Oncol 2021;11:655259. [CrossRef ]

11.	Wei L, Xie H, Yan P. Prognostic value of the systemic inflamma-
tion response index in human malignancy: A meta-analysis. 
Medicine (Baltimore) 2020;99(50):e23486. [CrossRef ]

12.	Laureano-Phillips J, Robinson RD, Aryal S, Blair S, Wilson D, 
Boyd K, et al. HEART score risk stratification of low-risk chest 
pain patients in the emergency department: a systematic re-
view and meta-analysis. Ann Emerg Med 2019;74(2):187–203.

13.	Backus BE, Six AJ, Kelder JC, Bosschaert MA, Mast EG, Mosterd 
A, et al. A prospective validation of the HEART score for chest 
pain patients at the emergency department. Int J Cardiol 
2013;168(3):2153–8. [CrossRef ]

14.	Ke J, Chen Y, Wang X, Wu Z, Chen F. Indirect comparison of 
TIMI, HEART and GRACE for predicting major cardiovascular 
events in patients admitted to the emergency department 
with acute chest pain: a systematic review and meta-analysis. 
BMJ Open 2021;11(8):e048356. [CrossRef ]

15.	Poldervaart JM, Langedijk M, Backus BE, Dekker IMC, Six AJ, 
Doevendans PA, et al. Comparison of the GRACE, HEART and 
TIMI score to predict major adverse cardiac events in chest 
pain patients at the emergency department. Int J Cardiol 
2017;227:656–61. [CrossRef ]

16.	Lam L, Ha L, Heron C, Chiu W, Kyle C. Identification of macrotro-
ponin T: findings from a case report and non-reproducible tro-
ponin T results. Clin Chem Lab Med 2021;59(12):1972–80.

17.	Strasser B, Tomasits J, Fellner A, Lambert T. Troponin interfer-
ence with special regard to macrocomplex formation. Clin 
Chem Lab Med. 2021 Oct 19. doi: 10.1515/cclm-2021-0841. 

https://doi.org/10.2147/JIR.S283835
https://doi.org/10.3390/jcdd8030031
https://doi.org/10.1007/s11886-020-01350-w
https://doi.org/10.1016/j.tjem.2018.04.004
https://doi.org/10.3389/fonc.2021.655259
https://doi.org/10.1097/MD.0000000000023486
https://doi.org/10.1016/j.ijcard.2013.01.255
https://doi.org/10.1136/bmjopen-2020-048356
https://doi.org/10.1016/j.ijcard.2016.10.080


Int J Med Biochem82

[Epub ahead of print].
18.	Lam L, Aspin L, Heron RC, Ha L, Kyle C. Discrepancy between 

cardiac troponin assays due to endogenous antibodies. Clin 
Chem 2020;66(3):445–54. [CrossRef ]

19.	Tilea I, Varga A, Serban RC. Past, Present, and Future of Blood 
Biomarkers for the Diagnosis of Acute Myocardial Infarction-
Promises and Challenges. Diagnostics (Basel). 2021;11(5).

20.	Twerenbold R, Jaffe A, Reichlin T, Reiter M, Mueller C. High-
sensitive troponin T measurements: what do we gain and 
what are the challenges? Eur Heart J 2012;33(5):579–86.

21.	Dziedzic EA, Gasior JS, Tuzimek A, Dabrowski M, Jankowski P. 
The association between serum vitamin D concentration and 
new inflammatory biomarkers-systemic inflammatory index 
(SII) and systemic inflammatory response (SIRI)-in patients 
with ischemic heart disease. Nutrients 2022;14(19):4212.

22.	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 coro-
nary intervention. Ann Med 2022;54(1):1667–77. [CrossRef ]

23.	Fan W, Wei C, Liu Y, Sun Q, Tian Y, Wang X, et al. The prognostic value 
of hematologic inflammatory markers in patients with acute coro-
nary syndrome undergoing percutaneous coronary interven-
tion. Clin Appl Thromb Hemost 2022;28:10760296221146183.

24.	Li Q, Ma X, 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. [CrossRef ]

25.	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 syn-
drome occurrence. Int J Mol Sci 2022;23(17):9553. [CrossRef ]

26.	Fan W, Zhang Y, Gao X, Liu Y, Shi F, Liu J, et al. The prognos-
tic value of a derived neutrophil-lymphocyte ratio in pa-
tients with acute coronary syndrome undergoing percu-
taneous coronary intervention. Clin Appl Thromb Hemost 
2021;27:10760296211034579. [CrossRef ]

27.	Biasucci LM, Liuzzo G, Angiolillo DJ, Sperti G, Maseri A. Inflam-
mation and acute coronary syndromes. Herz 2000;25(2):108–12.

28.	Adamstein NH, MacFadyen JG, Rose LM, Glynn RJ, Dey AK, 
Libby P, et al. The neutrophil-lymphocyte ratio and incident 
atherosclerotic events: analyses from five contemporary ran-
domized trials. Eur Heart J 2021;42(9):896–903. [CrossRef ]

29.	Göktaş MU AP, Karakaya Z, Payza U, Topal FE. Evaluation of 
white blood cell and neutrophil/lymphocyte ratio in acute 
coronary syndrome patients admitted to emergency depart-
ment. Biomedical Research 2018;29(10):2009–14.

30.	Dong CH, Wang ZM, Chen SY. Neutrophil to lymphocyte ratio 
predict mortality and major adverse cardiac events in acute 
coronary syndrome: A systematic review and meta-analysis. 
Clin Biochem 2018;52:131–6. [CrossRef ]

31.	Maleki M, Tajlil A, Separham A, Sohrabi B, Pourafkari L, Roshan-
ravan N, et al. Association of neutrophil to lymphocyte ratio 
(NLR) with angiographic SYNTAX score in patients with non-
ST-Segment elevation acute coronary syndrome (NSTE-ACS). 
J Cardiovasc Thorac Res 2021;13(3):216–21. [CrossRef ]

32.	Yang Y, Xu Y, Wang J, Zhai X, Jiang H. Predictive efficacy of neu-
trophil-to-lymphocyte ratio for long-term prognosis in new 
onset acute coronary syndrome: a retrospective cohort study. 
BMC Cardiovasc Disord 2020;20(1):500.

33.	Angkananard T, Anothaisintawee T, McEvoy M, Attia J, Thakkin-
stian A. Neutrophil lymphocyte ratio and cardiovascular dis-
ease risk: a systematic review and meta-analysis. Biomed Res 
Int 2018;2018:2703518. [CrossRef ]

34.	Budzianowski J, Pieszko K, Burchardt P, Rzezniczak J, 
Hiczkiewicz J. The role of hematological indices in patients with 
acute coronary syndrome. Dis Markers 2017;2017:3041565.

35.	Dziedzic EA, Gasior JS, Sowinska I, Dabrowski M, Jankowski P. 
Vitamin D level in patients with consecutive acute coronary 
syndrome is not correlated with the parameters of platelet ac-
tivity. J Clin Med 2022;11(3):707. [CrossRef ]

36.	Li H, Zhou Y, Ma Y, Han S, Zhou L. The prognostic value of 
the platelet-to-lymphocyte ratio in acute coronary syn-
drome: a systematic review and meta-analysis. Kardiol Pol 
2017;75(7):666–73.

37.	Sheng J, Liu N, He F, Cheng C, Shen S, Sun Y. Changes in the 
neutrophil-to-lymphocyte and platelet-to-lymphocyte ratios 
before and after percutaneous coronary intervention and 
their impact on the prognosis of patients with acute coronary 
syndrome. Clinics (Sao Paulo) 2021;76:e2580.

38.	Kristono GA, Holley AS, Harding SA, Larsen PD. White blood 
cell subtypes as predictors of adverse cardiac events. Coron 
Artery Dis 2020;31(5):446–50. [CrossRef ]

39.	Larmann J, Handke J, Scholz AS, Dehne S, Arens C, Gillmann 
HJ, et al. Preoperative neutrophil to lymphocyte ratio and 
platelet to lymphocyte ratio are associated with major ad-
verse cardiovascular and cerebrovascular events in coronary 
heart disease patients undergoing non-cardiac surgery. BMC 
Cardiovasc Disord 2020;20(1):230.

40.	Liu Y, Ye T, Chen L, Jin T, Sheng Y, Wu G, et al. Systemic immune-
inflammation index predicts the severity of coronary steno-
sis in patients with coronary heart disease. Coron Artery Dis 
2021;32(8):715–20. [CrossRef ]

41.	Erdogan M, Erdol MA, Ozturk S, Durmaz T. Systemic im-
mune-inflammation index is a novel marker to predict func-
tionally significant coronary artery stenosis. Biomark Med 
2020;14(16):1553–61.

42.	Acet H, Ertas F, Bilik MZ, Akil MA, Ozyurtlu F, Aydin M, et al. The 
relationship between neutrophil to lymphocyte ratio, platelet 
to lymphocyte ratio and thrombolysis in myocardial infarc-
tion risk score in patients with ST elevation acute myocardial 
infarction before primary coronary intervention. Postepy Kar-
diol Interwencyjnej 2015;11(2):126–35.

43.	Wikananda G, Ariawan, E, Husin, M. The relationship between 
neutrophil to lymphocyte ratio (NLR) at admission and GRACE 
mortality risk score in acute myocardial infarction patient 
at Tabanan Regency Hospital in 2017. Intisari Sains Medis 
2019;10(1):205–8. [CrossRef ]

44.	B K A, Chaudhuri D. A review of acute myocardial injury in 
coronavirus disease 2019. Cureus 2020;12(6):e8426.

45.	Zhang L, Li M, Wang Z, Sun P, Wei S, Zhang C, et al. Cardiovascu-
lar risk after SARS-CoV-2 infection is mediated by IL18/IL18R1/
HIF-1 signaling pathway axis. Front Immunol 2021;12:780804.

https://doi.org/10.1093/clinchem/hvz032
https://doi.org/10.1080/07853890.2022.2083671
https://doi.org/10.3389/fcvm.2022.811790
https://doi.org/10.3390/ijms23179553
https://doi.org/10.1177/10760296211034579
https://doi.org/10.1093/eurheartj/ehaa1034
https://doi.org/10.1016/j.clinbiochem.2017.11.008
https://doi.org/10.34172/jcvtr.2021.40
https://doi.org/10.1155/2018/2703518
https://doi.org/10.3390/jcm11030707
https://doi.org/10.1097/MCA.0000000000000860
https://doi.org/10.1097/MCA.0000000000001037
https://doi.org/10.15562/ism.v10i1.381


Deniz, Evaluation of systemic inflammation markers in acute chest pain / doi: 10.14744/ijmb.2023.71473 83

Appendix 1. Receiver operating curve analysis of inflammation markers in identifying high-risk

Parameter	 AUC	 95 CI%	 Cut-off value	 Sensitivity (%)	 Specificity (%)	 p

NLR	 0.862	 0.818–0.898	 >2.9	 69.3	 90.3	 <0.001
SIRI	 0.855	 0.811–0.893	 >2.0	 72.6	 85.2	 <0.001
SII	 0.820	 0.773–0.862	 >657	 73.2	 80.0	 <0.001
MLR	 0.812	 0.764–0.854	 >0.37	 59.5	 89.7	 <0.001
PLR	 0.726	 0.672–0.775	 >119	 55.6	 78.7	 <0.001

P significance level was accepted as <0.05. AUC: Area under curve; CI: Confidence interval; NLR: Neutrophil to lymphocyte ratio, SIRI: Systemic inflammation-response index; SII: 
Systemic immune-inflammation index; MLR: Monocyte to lymphocyte ratio; PLR: Platelet to lymphocyte ratio.

Appendix 2. The pair-wise comparison of area under curves among inflammation markers

Comparison		  Area under curve

	 Difference		  95 CI%	 p

NLR-SIRI	 0.007		  –0.022–0.035	 0.649
NLR-SII	 0.042		  0.014–0.069	 0.003*
NLR-PLR	 0.136		  0.089–0.184	 <0.001**
NLR-MLR	 0.050		  0.007–0.093	 0.024*
SIRI-SII	 0.035		  0.001–0.069	 0.045*
SIRI-PLR	 0.130		  0.072–0.188	 <0.001**
SIRI-MLR	 0.043		  0.009–0.078	 0.013*
SII-MLR	 0.009		  –0.044–0.061	 0.753
SII-PLR	 0.095		  0.053–0.137	 <0.001**
MLR-PLR	 0.086		  0.031–0.142	 0.002*

*p<0.05; **p<0.001. CI: Confidence interval; NLR: Neutrophil to lymphocyte ratio; SIRI: Systemic inflammation-response index; SII: Systemic immune-inflammation index; PLR: 
Platelet to lymphocyte ratio; MLR: Monocyte to lymphocyte ratio.


