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Abstract
Aim: This study assessed the relationship between the CHA₂DS₂-VASc score, the atherogenic index of plasma (AIP), monocyte-HDL ratio (MHR), platelet-
lymphocyte ratio (PLR), neutrophil-lymphocyte ratio (NLR), and myocardial infarction (MI) types (STEMI/NSTEMI) in emergency department patients, aiming 
to identify correlations between these parameters.
Materials and Methods: Conducted as a retrospective study at Kırşehir Training Education and Research Hospital (2020–2023), this research included 200 
STEMI patients, 200 NSTEMI patients, and 200 healthy controls.
Results: The mean age of participants was 60.70 ± 12.33. Significant differences emerged across groups in CHA₂DS₂-VASc, AIP, PLR, NLR, and MHR. The 
CHA₂DS₂-VASc score was higher in NSTEMI versus STEMI and controls. AIP was elevated in both MI groups versus controls. MHR was higher in STEMI than in 
controls, while NLR was elevated in both MI groups. A weak positive correlation existed between CHA₂DS₂-VASc and NLR/PLR and AIP and MHR. Each 1-unit 
increase in CHA₂DS₂-VASc, AIP, and NLR raised MI risk by 1.60, 3.24, and 2.59 times, respectively, whereas PLR reduced risk by 1.013 times per unit.
Discussion: All atherosclerosis-related inflammatory markers were elevated in MI patients. CHA₂DS₂-VASc showed no significant correlation with AIP but was 
notably higher in NSTEMI, while AIP was elevated in both MI groups. CHA₂DS₂-VASc demonstrates strong predictive value for NSTEMI in clinical/emergency 
settings, whereas AIP lacks significance for specific MI subgroups. Broader multicenter studies are required to clarify their utility in MI risk stratification.
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Introduction
Cardiovascular disease (CVD) is the leading cause of mortality, 
with 18.6 million deaths worldwide each year, 85% of which 
are due to ischemic heart disease such as acute coronary 
syndromes (ACS) [1]. Myocardial Infarction (MI) is responsible 
for 1 in 3 deaths globally, and its incidence is rising rapidly in 
developing countries due to increasing obesity, diabetes, and 
sedentary lifestyles (available at: https://www.who.int/data/
gho/data/themes/mortality-and-global-health-estimates/ghe-
leading-causes-of-death). The prevalence of MI in Turkey is 
3.5%, which is higher than the European average (2.8%) [2].
ST-elevation myocardial infarction (STEMI) and non-ST 
elevation myocardial infarction (NSTEMI) are critical clinical 
conditions in the spectrum of ACS that require urgent 
intervention. STEMI is characterized by complete occlusion of 
the coronary artery, whereas NSTEMI usually develops due to 
unstable plaque rupture or partial occlusion [3].
Although traditional risk factors (hypertension, diabetes, 
hyperlipidemia) play an important role in the pathogenesis of MI, 
the prognostic value of atherogenic lipid profiles and systemic 
inflammation has recently come to the fore. The atherogenic 
index of plasma (AIP) is a marker calculated by logarithmic 
transformation of the triglyceride/HDL-C ratio and indirectly 
reflects the presence of small dense LDL particles [4]. Similarly, 
inflammatory markers such as Monocyte/HDL Ratio (MHR), 
Platelet-Lymphocyte Ratio (PLR), and Neutrophil-Lymphocyte 
Ratio (NLR) are used to assess endothelial dysfunction and 
platelet activation [5]. Although the CHA₂DS₂-VASc score was 
initially developed to predict thromboembolic risk in patients 
with atrial fibrillation (AF), it is also investigated in MI prognosis 
due to its association with coronary artery disease severity [6].
AIP is an index quantifying an atherogenic and anti-atherogenic 
lipoprotein imbalance. High AIP ( > 0.21) is associated with an 
increase in small dense LDL particles, which facilitate endothelial 
penetration and impair plaque stability [7]. The Framingham 
Study reported that AIP correlated with the coronary artery 
calcium score [8]. MHR is a marker reflecting the interaction 
between systemic inflammation and lipid metabolism. Pro-
inflammatory cytokine release by monocytes and decreased 
anti-inflammatory effect of HDL are associated with coronary 
microvascular dysfunction and no-reflow phenomenon [9]. PLR 
and NLR are quantitative indicators of inflammatory response. 
Increased NLR is associated with neutrophil-induced oxidative 
stress and myocardial reperfusion injury [10]. PLR predicts 
coronary microthrombus formation by reflecting platelet 
activation [11].
This study aims to comprehensively evaluate the relationship 
between CHA₂DS₂-VASc score and AIP, MHR, PLR, and NLR and 
the diagnostic-prognostic value of these parameters in STEMI 
and NSTEMI patients.

Materials and Methods
Study Design and Population
This retrospective cohort study included 200 STEMI and 200 
NSTEMI patients with MI who presented to the Emergency 
Department of Kırşehir Training and Research Hospital with 
chest pain between January 2020 and December 2023, and 200 
control patients without a history of MI. The control group was 

matched with the patient groups regarding age ( ± 5 years), 
gender, and comorbidities (hypertension, diabetes). Patients’ 
data were obtained from the hospital database, and their files 
were analyzed.
Patients over 18 years of age who had completed laboratory 
data (lipid profile, complete blood count, cardiac biomarkers) 
and were diagnosed with STEMI or NSTEMI according to ESC/
AHA guidelines were included in the study. Patients under 
18 years of age, pregnant patients, breastfeeding patients, 
patients diagnosed with active infection or malignancy, patients 
diagnosed with chronic renal failure (GFR < 30 mL/min), 
patients with liver cirrhosis, patients with hormonal disorders, 
and patients taking lipid-lowering or immunomodulatory drugs 
were excluded.
Data Collection and Score Calculations
The CHA₂DS₂-VASc Score range is 0-9 and includes the following 
components: Age (<65: 0, 65-74: +1, ≥75: +2), female gender 
(+1), hypertension (+1), diabetes mellitus (+1), stroke/TIA (+2), 
vascular disease (previous MI, peripheral arterial disease or 
aortic plaque) (+1), congestive heart failure (+1) [12]. However, 
the gender component is the opposite in coronary artery 
disease, i.e., male gender is considered a risk factor. Therefore, 
in the CHA₂DS₂-VASc score used in cardiovascular disease 
studies other than AF, the male gender is given a score of (+1) 
while the female gender is given a score of (0). In our study, the 
gender component of the score was calculated by giving (+1) 
points to the male gender and (0) points to the female gender.
AIP: the logarithm of the ratio of plasma triglyceride (TG) level 
to high-density lipoprotein (HDL) level, measured in milligrams 
per deciliter, to the base 10 and calculated using the formula 
[log (TG/HDL-C) ratio]. AIP values <0.11 reflect low, 0.11 - 0.21 
moderate, and >0.21 high cardiovascular risk [4]. In our study, 
AIP calculation was performed, and patients were categorized 
as low, intermediate, and high risk according to the result. MHR, 
PLR, and NLR were calculated using complete blood count data.
Statistical Analysis
Statistical Package for Social Sciences version 27.0 software 
for Windows (IBM SPSS Statistics for Windows, Version 21.0. 
Armonk, NY: IBM Corp., USA) was used for statistical analysis of 
the study. Arithmetic mean, standard deviation for quantitative 
data, n (%) frequency tables, and median (Min-Max) values for 
quantitative discrete and qualitative data were given in the 
study. Normality tests of continuous data were performed with 
the help of the Kolmogorov-Smirnov test. One-way ANOVA, 
Kruskal-Wallis, Pearson or Spearman correlation analysis, ROC 
analysis, and logistic regression analysis were used to analyze 
the data. p < 0.05 was considered statistically significant.
Ethical Approval 
This study was approved by the Ethics Committee of Ahi Evran 
University, Faculty of Medicine (Date: 2023-09-05, No: 2023-
15/102).

Results
The mean age of all patients included in the study and the 
control group was 60.70 ± 12.33. When the demographic 
characteristics were compared according to the groups, 
the difference in age, gender, and comorbid conditions was 
statistically significant. It was found that age was older, and 
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male gender was more common in MI groups. The rates of HT, 
DM, vascular disease, heart failure, and family history were also 
higher in the MI groups (Table 1).
When scores and blood values were compared according to the 
groups, significant differences were found in CHA₂DS₂-VASc, 
AIP, PLR, NLR, and MHR score values (Table 1).
Post-hoc analyses for the scores showed significant differences 
between the groups. CHA₂DS₂-VASc score was significantly 
higher in the NSTEMI group than in the STEMI and control 
groups. AIP score is statistically significantly higher in both 
NSTEMI and STEMI groups compared to the control group. 

MHR is statistically significantly higher in the STEMI group 
compared to the control group. NLR is statistically significantly 
higher in both NSTEMI and STEMI groups compared to the 
control group.
When the correlations between the scores were analyzed, it was 
found that there was a weak statistically significant positive 
correlation between CHA₂DS₂-VASc score and NLR and PLR. 
There was a weak statistically significant correlation between 
AIP and MHR in a positive direction and a weak statistically 
significant correlation with PLR in a negative direction.
Logistic regression analysis to predict the risk of STEMI or 

Table 2. MI risk estimated logistics regression analysis

B SE Shallow. Exp(B)
95% Cif EXP(B)

Lower Upper

CHA₂DS₂-VASc 0,472 0,072 0 1,603 1,392 1,846

AIP 1,176 0,368 0,001 3,243 1,576 6,672

PLR - .013 0,003 0 0,987 0,982 0,992

NLR 0,955 0,13 0 2,598 2,014 3,352

Constant -1,677 0,375 0 0,187

Table 1. Characteristics of the patient and control groups and comparison of scores and blood-derived ratio indices according to 
groups

Features
Group

p
STEMI (n=200) NSTEMI (n=200) Control (n=200)

Age 60.55±12.28 63.90±11.77 57.63±12.20 <0.001

Gender

Male 145(72.5) 133(66.5) 108(54.0)
<0.001

Woman 55(27.5) 67(33.5) 92(46.0)

Hypertension

No 50(25.0) 41(20.5) 115(57.5)
<0.001

Yes 150(75.0) 159(79.5) 85(42.5)

Diabetes mellitus

No 130(65.0) 101(50.5) 147(73.5)
<0.001

Yes 70(35.0) 99(49.5) 53(26.5)

Stroke

No 193(96.59 191(95.5) 189(94.5)
0.628

Yes 7(3.5) 9(4.5) 11(5.5)

Vascular illness

No 146(73.0) 109(54.5) 185(92.5)
<0.001

Yes 54(27.0) 91(45.5) 15(7.5)

Heart insufficiency

No 141(70.5) 169(84.5) 195(97.5)
<0.001

Yes 59(29.5) 31(15.5) 5(2.5)

Cigarette

No 144(76.2) 87(45.8) 120(60.0)
0.123

Yes 45(23.8) 103(54.2) 80(40.0)

Family story

No 28(14.8) 34(17.9) 160(80.0)
0.002

Yes 161(85.2) 156(82.1) 40(20.0)

Scores and Blood-Derived Ratio 
Indices

STEMI NSTEMI Control
p

AO SD AO SD AO SD

CHA₂DS₂-VASc 2.51 1.51 2.97 1.53 1.69 1.45 <0.001

AIP 0.54 0.26 0.53 0.26 0.46 0.31 0.006

MHR 0.02 0.01 0.02 0.01 0.02 0.02 <0.001

PLR 129.38 78.55 130.63 98.04 117.52 50.12 0.180

NLR 3.97 4.88 3.53 4.73 1.94 1.13 <0.001

AO: Arithmetic mean, SD: Standard deviation
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NSTEMI was found to be significant (omnibus test p < 0.001). 
The accuracy of the model was 78.5%. The independent 
variable of the model is the presence of MI (ref: control risk: 
MI). Independent variables of the model are age, CHA₂DS₂-
VASc score, AIP, PLR, NLR, and MHR. The Forward LR method 
was used, and MHR and age were not found to contribute 
significantly to the model. A one-unit increase in CHA₂DS₂-VASc 
score increases the risk of MI by 1.60 times, a one-unit increase 
in AIP score increases the risk of MI by 3.24 times, a one-unit 
increase in NLR increases the risk of MI by 2.59 times, and 
a one-unit increase in PLR decreases the risk of MI by 1.013 
times (Table 2). 
It was found that the dependent variables did not affect each 
other, and there was no multicollinearity. Multinomial logistic 
regression analysis to evaluate the role of scores in predicting 
MI type was found to be significant (p < 0.001). The model’s 
independent variables are CHA₂DS₂-VASc score, AIP, PLR, 
NLR, MHR, and age. The dependent variable of the model is 
group (ref: control). It was found that MHR and age did not 
significantly contribute to the model, while the other variables 
significantly contributed to the model. A one-unit increase in 
CHA₂DS₂-VASc score increases the risk of STEMI by 1.63-fold, a 
one-unit increase in AIP score by 3.09-fold, a one-unit increase 
in NLR by 2.70-fold, while a one-unit increase in PLR decreases 
the risk of MI by 1.019-fold. A one-unit increase in CHA₂DS₂-
VASc score increases the risk of NSTEMI by 1.85 times, a one-
unit increase in AIP score by 2.86 times, a one-unit increase in 
NLR by 2.58 times, while a one-unit increase in PLR decreases 
the risk of MI by 1.013 times (Table 3).

Discussion
The CHA₂DS₂-VASc score is a scoring system developed to 
predict thromboembolic risk in patients with AF [13]. However, 
in recent years, studies on its prognostic and diagnostic value 
in ACS, such as MI, have increased. This study examined the 
relationships between CHA₂DS₂-VASc score and atherosclerosis 
markers such as AIP, PLR, NLR, and MHR in STEMI and NSTEMI 
patients. The CHA₂DS₂-VASc score was statistically significantly 
higher in the NSTEMI group compared to the STEMI and control 

group (p < 0.05). The AIP score was higher in both the STEMI and 
NSTEMI groups than in the control group. MHR was significantly 
higher in the STEMI group, and NLR was significantly higher 
than in the control group in both MI groups. There was a weak 
positive correlation between CHA₂DS₂-VASc score and NLR and 
PLR (r = 0.2-0.3), a positive correlation between AIP and MHR 
(r = 0.25), and a negative correlation with PLR (r = -0.18). In 
the risk increase analyses, a one-unit increase in CHA₂DS₂-VASc 
score increased the risk of MI 1.60-fold (p < 0.001), AIP 3.24-
fold (p < 0.001), NLR 2.59-fold (p < 0.001), while a one-unit 
increase in PLR decreased the risk 1.013-fold (p = 0.02).
In the literature, the association of CHA₂DS₂-VASc score with 
clinical outcomes after MI has been addressed in a broad 
perspective. Kiliszek et al., in a prospective study including 
2557 AF patients, reported that the CHA₂DS₂-VASc score was 
an independent predictor of mortality at 5-year follow-up, 
and the AUC value reached 0.82 in ROC analysis [14]. Zorlu 
et al. emphasized that the median CHA₂DS₂-VASc score was 
significantly higher in patients with reperfusion failure after 
primary PCI (p < 0.001), and a score  ≥ 2 predicted reperfusion 
failure with a sensitivity of 83% [15]. In our study, the CHA₂DS₂-
VASc score was found to be high in MI patients. Evaluating 
this score in patients diagnosed in the emergency department 
and considered for coronary intervention may be important 
regarding MI and treatment prognosis. Keskin et al. found that 
12-month mortality increased to 27.1% in STEMI patients 
with CHA₂DS₂-VASc score ≥ 4 and AUC = 0.88 (p < 0.001) for 
in-hospital mortality in ROC analysis [16]. In our study, the 
mortality relationship was not evaluated; however, we think 
that risk analysis with CHA₂DS₂-VASc score in MI patients 
admitted to the emergency department may be beneficial in 
terms of reducing mortality and morbidity. Fang et al. reported 
that the CHA₂DS₂-VASc score had a moderate predictive value 
for major adverse cardiovascular events (MACE) in STEMI with 
AUC = 0.74, and the cut-off value was optimal at 3.5 [17].
The CHA₂DS₂-VASc score has also been associated with 
CAD severity and intracoronary thrombus burden. Kılıç et al. 
showed that the CHA₂DS₂-VASc-HS score was more effective 
than the standard score in predicting failed reperfusion after 

Table 3. Multinomial regression analysis control according to STEMI and NSTEMI estimated

Parameter Estimates

group_reg a B Std. Error p Exp(B)
95% Confidence Interval for Exp(B)

Lower Bound Upper Bound

STEMI

Intercept -0,991 0,73 0,174

AGE -0,024 0,012 0,055 0.977 0,954 1,001

CHA₂DS₂-VASc 0,493 0,1 0 1,638 1,347 1,991

AIP 1,128 0,415 0,007 3,09 1,369 6,975

PLR -0,014 0,003 0 0.986 0,981 0,992

NLR 0,996 0,132 0 2,706 2,087 3,509

NSTEMI

Intercept -2,027 0,75 0,007

AGE -0,011 0,013 0,371 0.989 0,965 1,013

CHA₂DS₂-VASc 0,617 0,102 0 1,854 1,519 2,263

AIP 1,051 0,423 0,013 2,862 1,248 6,563

PLR -0,013 0,003 0 0.987 0,982 0,993

NLR 0,949 0,132 0 2,583 1,993 3,348

a. The reference category is: Control
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thrombolytic therapy in STEMI (AUC = 0.764 vs. 0.660; p < 
0.001) and a cut-off value of  ≥3 provided 76% sensitivity 
[18]. The high CHA₂DS₂-VASc score in MI patients in our study 
may give an idea about the prognosis of our patient group in 
the light of other studies. Ipek et al. found that the CHA₂DS₂-
VASc score was an independent predictor in patients without 
reperfusion after PCI (OR = 1.58; p < 0.001), and score ≥2 was 
associated with 66% sensitivity, and in-hospital mortality was 
also significantly associated with high CHA₂DS₂-VASc scores 
[19]. In conclusion, the CHA₂DS₂- VASc score is associated 
with a higher risk of non-reperfusion and in-hospital mortality 
rates in patients undergoing primary PCI. Yasar et al. reported 
a significant correlation between total coronary occlusion and 
CHA₂DS₂-VASc score in NSTEMI and that the predictive power 
increased when combined with the GRACE score [20].
Studies have also focused on the interaction of the score 
with inflammatory markers. Satılmış et al. reported that high 
intracoronary thrombus burden was associated with CHA₂DS₂-
VASc score, high CRP, and low albumin in NSTEMI [21]. Huang 
et al. emphasized that the CHA₂DS₂-VASc score is superior to 
the CHADS2 score in predicting coronary lesion severity (AUC 
= 0.947) and prognosis (AUC = 0.931) in STEMI [22]. When the 
available literature data are evaluated, it is seen that a high 
CHA₂DS₂-VASc score is an important risk marker associated 
with poor prognosis in MI patients. In our study, this score was 
found to be significantly higher in the MI group, suggesting 
an increased atherosclerotic burden. The findings support the 
hypothesis that clinical follow-up of high-score patients should 
be planned more closely. Routine evaluation of CHA₂DS₂-VASc 
score in MI patients presenting to the emergency department 
may play a critical role in personalizing treatment strategies 
and prognosis prediction.
Limitations
The limitations include its single-center retrospective design, 
possible shortcomings in the data collection process, and the 
possibility that fasting/fasting status may affect lipid profiles. 
However, the findings support that the CHA₂DS₂-VASc score 
may be a practical tool in the clinic for risk stratification, 
determination of reperfusion strategies, and mortality prediction 
in MI patients presenting to the emergency department. It 
has been suggested that approaches such as early invasive 
intervention or intensive medical therapy may reduce morbidity, 
especially in patients with high scores [14, 17]. Future studies 
are recommended to investigate the predictive value of this 
score in combination with other biomarkers (e.g., hs-CRP) and 
validate it in prospective multicenter cohorts.
Conclusion
CHA₂DS₂-VASc score, AIP, MHR, PLR, and NLR have proven to 
be important markers in MI diagnosis and risk stratification. 
Combining these parameters can be used as a noninvasive, 
cost-effective, and practical risk assessment tool. Further 
studies are recommended to investigate the association of 
these markers with long-term clinical outcomes and integrate 
them into treatment strategies.
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