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ABSTRACT 

Objective: This study examines the association between traditional inflammatory biomarkers, soluble 

urokinase plasminogen activator receptor (suPAR) levels in elderly and young myocardial infarction 

patients, and coronary artery disease severity. 

Materials and Methods: In this study, 332 participants, including 227 acute myocardial infarction (AMI) 

patients and 107 controls, underwent evaluation through Syntax Score analysis, suPAR, and high-

sensitivity C-reactive protein (hs-CRP) level assessments. AMI patients were divided into young and 

elderly groups based on age. Syntax Score was utilized to ascertain the severity of coronary artery disease. 

Results: suPAR plasma concentrations were significantly higher in AMI patients compared to controls, with 

values of 2.76 (2.32-3.56) in the young MI group and 3.33 (2.43-4.41) in the elderly MI group, versus 2.33 

(1.94-3.11) in the control group (p<0.001). Additionally, hs-CRP levels were notably elevated in the elderly 

MI groups (p<0.001). The ROC analysis identified threshold values for suPAR at 3.10 pg/mL and hs-CRP at 

6.5 mg/dL to predict a Syntax Score of 23 or higher, with suPAR showing 74.7% sensitivity, 69.9% specificity, 

and an area under the curve (AUC) of 0.811 (p<0.001). The sensitivity of hs-CRP was 65.8%, the specificity 

was 60.2%, and the AUC was 0.700 (p<0.001). 

Conclusion: Our study reveals a pivotal relationship between inflammatory markers, particularly suPAR, 

and Syntax Score in MI patients, suggesting its potential in refining cardiovascular risk assessment and 

informing future diagnostic and therapeutic approaches for coronary artery disease management. 
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INTRODUCTION 

 

The complex pathophysiology of acute myocardial infarction (AMI); includes inflammation, myocardial 

structural change, and myocardial injury as a result of myocardial stress (1). Biomarkers involved in this 

complex process help infarct size, myocardial dysfunction, identification of risky patients, treatment and 

follow-up (2). 

In particular, traditional biomarkers reflecting inflammatory processes, such as high-sensitivity C-

reactive protein (hs-CRP) and erythrocyte sedimentation rate (ESR), have been associated with an increased 

risk of cardiovascular disease and AMI (3). Known to be involved in the inflammatory process, soluble 

urokinase plasminogen activator receptor (suPAR) has been associated with newly discovered cardiovascular 

disease risk and all-cause mortality (4,5). 

SuPAR can be found in a variety of cell types, including monocytes, endothelial cells, activated T 

lymphocytes, macrophages, fibroblasts, megakaryocytes, smooth muscle cells, keratinocytes, and some tumor 

cells (6,7). uPAR consists of three sites and is involved in immune system activation. The release of suPAR 

occurs when the membrane-bound uPAR is cleaved, leading to its presence in various bodily fluids such as 

plasma, cerebrospinal fluid, serum, blood, and urine. The concentration of suPAR in bodily fluids can vary 

depending on the level of immune system activation (8). 

Recent studies have revealed that patients with AMI have significantly higher suPAR levels which can be used 

as a predictor of cardiac events (9-11). It is also known that the suPAR level increases with age (12). The risk 

of AMI also increases with age. However, it is still unknown about suPAR values based on the age of the 

patients who have AMI. 

The main objective of this study was to compare the traditional inflammatory biomarkers and suPAR 

levels in elderly and young myocardial infarction (MI) patients with those in patients who had been 

determined not to have coronary artery disease (CHD). Furthermore, this research aimed to investigate the 

correlation between suPAR concentrations and the extent of CHD severity. 
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MATERIALS AND METHODS 

 

This study encompassed 243 patients admitted to the intensive care unit with an initial diagnosis of 

AMI, who were scheduled for coronary angiography between April 2019 and January 2020. Of these, 14 

patients, initially diagnosed and set to partake in the study, declined to undergo coronary angiography, 

leading to their exclusion. Furthermore, two individuals from the control group were also excluded on account 

of rheumatological diseases. The study further categorized patients based on age: those 55 years and younger 

were classified as the 'young' group, while those older than 55 years were designated as the 'elderly' group. 

The control group consisted of patients who underwent coronary angiography for indications other than AMI 

and had less than 50% coronary artery stenosis. 

The study excluded patients presenting with active infections, malignancies, autoimmune disorders, 

hyperthyroidism, or those on immunosuppressive medication. Additionally, individuals with chronic kidney 

disease, rheumatological conditions, those who had undergone revascularization with fibrinolytic therapy, or 

had a history of pulmonary embolism were also excluded.  

The study's intended participants were given information about the study and given the option to 

volunteer for it after receiving their consent. Ethical clearance was granted by Selçuk University's Ethics 

Committee (Decision No: 2019/92, Date: 08.05.2019). The study received funding support from the Selçuk 

University Scientific Research Projects Coordinatorship, under the project identifier 19102049. 

 

Blood samples 

At the time of hospitalization, 5 ml of blood were drawn from the patients upon admission to the 

intensive care unit with the diagnosis of AMI, and from the control group after coronary angiography. Then, 

those blood samples were placed in eppendorf tubes to study the suPAR level and stored at -80°C after 

centrifugation at 4000 rpm for 5 minutes.  

In the biochemistry laboratory, blood samples such as creatinine, HDL cholesterol, triglyceride, LDL 

cholesterol, sodium, potassium, and hs-CRP in the BECKMAN COULTER AU5800 autoanalyzer, complete 
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blood count (hemoglobin, platelet, leukocyte) in the COULTER DXH 800 blood count device. Sedimentation 

was measured in the ALIFAX device, and the results were recorded separately for each patient. 

Plasma suPAR levels were measured on an automated BMG LABTECH CLARIOSTAR instrument 

utilizing the suPARnostic AUTO Flex ELISA kit for determination, based on the instructions provided by the 

manufacturer (ViroGates A/S, Birkerød, Denmark). 

 

Syntax score analysis 

Catheterization images were evaluated using the Syntax Score system. All lesions causing a reduction 

in luminal diameter of 50% or more in coronary vessels with a diameter equal to or greater than 1.5 mm were 

accounted for in the Syntax Score computation. For this calculation, we utilized the dedicated software 

available at http://www.syntaxscore.com (13). The evaluation of the Syntax Score was independently 

conducted by two interventional cardiologists who were not informed of the study protocol or the patient 

demographics. Intermediate-high risk was determined as 23 and above. 

 

Statistical analysis 

Statistical analyses were conducted using SPSS version 29.0 (SPSS Inc., Chicago, IL, USA). The normality 

of distribution for numerical variables was verified through the Kolmogorov-Smirnov test. These variables 

were presented as mean ± standard deviation and median (with interquartile range from the 25th to 75th 

percentile). Categorical variables were expressed in terms of frequencies and percentages. The comparison of 

numerical variables among the three study groups was performed using either one-way ANOVA or the 

Kruskal-Wallis test, depending on the suitability for parametric analysis. The chi-square test was applied for 

the assessment of categorical variables. For the analysis of bivariate relationships among continuous variables, 

Spearman's rank correlation coefficient was employed. The efficacy of the Syntax Score in predicting the 

severity of coronary artery disease was evaluated using Receiver Operating Characteristic (ROC) curve 
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analysis, with a particular focus on establishing a diagnostic threshold for a Syntax Score greater than 23 and 

above. Two-sided p values less than 0.05 were considered statistically significant. 

 

RESULTS 

 

  Basic characteristics of patients 

This investigation included a total of 332 participants, who were allocated into three groups: a young 

myocardial infarction (MI) group with 100 patients, an elderly MI group encompassing 127 patients, and a 

control group consisting of 105 individuals, as outlined in Table 1. 

The median age in the group of young patients with MI was 49 years (44.2–53), in the group of elderly 

patients with MI the median age was 66 years (62–74), and in the control group the median age was 59 years 

(53 -66), showing a statistically significant difference (p<0.001). Compared to the control group, both groups 

of AMI patients had a higher proportion of men (88% in the young MI group, 65.4% in the older MI group, 

45.7% in the control group, p<0.001). However, there was no statistically significant difference in body mass 

index (BMI) between the groups (p=0.77). 

Diabetes Mellitus (DM) appears to be homogeneously distributed in all three groups (p=0.07). Among 

the young MI group, 52% presented with ST-segment elevation MI (STEMI), and in the elderly MI group, 41.7% 

had STEMI. In the AMI population compared to the control group, left ventricular ejection fraction as 

determined by Simpson's formula in echocardiography was significantly lower (49.68±9.84 for the young MI 

group, 44.84±9.58 for the elderly MI group, 54.27±7.35 for the control group, p<0.001). 

 

Laboratory findings 

The laboratory test results of patients participating in this study are presented in Table 1. The suPAR 

plasma concentration value was 2.76 (2.32~3.56) for the young MI group, 3.33 (2.43~4.41) for the elderly 

MI group, and 2.33 (1.94~3.11) for the control group. In comparison to the control group, a significant increase 

was seen in the AMI population (p<0.001). In the elderly MI group, hs-CRP and ESR were 
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significantly higher (p<0.001). In comparison to the control group, the AMI population had significantly 

higher levels of syntax score, white blood cell, triglycerides, and LDL-C (p<0.001).  

 

Table 1. Patient characteristics and serum parameters 

 

Variable Young MI 

n=100 

Elderly MI 

n=127 

Control 

n=105 

p value 

Age, year 49(44.2~53) 66(62~74) 59(53~66) <0.001 

Sex (male), n (%) 88/88 83/65.4 48/45.7 <0.001 

Body Mass Index (kg/m2) 27.6(26.1~29.4) 27.5(25.4~29.8) 28.4(24.9~31.2) =0.774 

DM n (%) 19/19 41/32.3 31/29.5 =0.07 

STEMI n (%) 52/52 53/41.7  <0.001 

LVEF % 52(45~58) 46(38~54) 58(54.25~58) <0.001 

suPAR 2.76(2.32~3.56) 3.33(2.43~4.41) 2.33(1.94~3.11) <0.001 

Hs-CRP 5(2.6~9.2) 8.7(3.6~21) 3.66(1.57~6.94) <0.001 

ESR 8(4~12.7) 13(7.5~23.5) 9(4.5~15) <0.001 

Syntax Score 12(8~18.75) 22(19~28)  <0.001 

Hgb, g/dl 14.7(13.7~15.5) 12.7(11.1~14.2) 13.6(12.3~15) <0.001 

White Blood Cell, 103/µl 10.8(9.2~12.9) 10.4(7.7~11.5) 7.3(6~8.4) <0.001 

Platelet, 103/µl 227(185~262) 213(163~253) 239(207~286) =0.001 

Creatinine, mg/dl 0.74(0.67~0.86) 0.81(0.67~0.99) 0.72(0.63~0.84) =0.003 

HDL, mg/dl 38(31.2~43) 38(33~44) 43(38~51) =0.015 

LDL, mg/dl 130±39.2 119.70±39.15 112.56±32.80 <0.001 

The values are presented as n (%), mean ± standard deviation, or median (25th and 75th percentiles). LDL: low-density lipoprotein, 

HDL: high-density lipoprotein, Hgb: hemoglobin, Na+: sodium, K+: potassium, suPAR: soluble urokinase plasminogen activator receptor, 

Hs-CRP: high-sensitivity C-reactive protein, ESR: erythrocyte sedimentation rate, LVEF: left ventricular ejection fraction, STEMI: ST-

segment elevation myocardial infarction, DM: diabetes mellitus 

 

The assessment of all three groups within the analyzed patient cohort is summarized in Table 2. 

Significantly higher suPAR plasma concentrations were observed in the elderly MI group compared to the 

young MI group (p=0.002). Additionally, in the elderly MI group, both hs-CRP and ESR values were 

significantly elevated when compared to the young MI group (p=0.003, p<0.001, respectively). In contrast, the 

young MI group exhibited significantly higher suPAR plasma concentrations than the control group (p=0.008). 

However, no significant differences were observed in the concentration of Hs-CRP and ESR between the group 

with young MI and the control group (p=0.725, p=0.658, respectively).  
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When the elderly MI group was compared to the control groups, in the elderly MI group, the suPAR 

plasma concentration was significantly higher (p<0.001). In the elderly MI group, Hs-CRP and sedimentation 

values were significantly higher when both groups were compared (p<0.001 for both). 

 

Table 2. Comparison of groups 

 Young MI 

n=100 

Elderly MI 

n=127 

Control 

n=105 

p valuea p valueb p valuec 

suPAR 2.76(2.32~3.56) 3.33(2.43~4.41) 2.33(1.94~3.11) 0.002 0.008 <0.001 

Hs-CRP 5(2.6~9.2) 8.7(3.6~21) 3.66(1.57~6.94) 0.003 0.725 <0.001 

ESR 8(4~12.7) 13(7.5~23.5) 9(4.5~15) <0.001 0.658 <0.001 

The values are presented as medians (25th and 75th percentiles). suPAR: soluble urokinase plasminogen activator receptor, Hs-

CRP: high-sensitivity C-reactive protein, ESR: erythrocyte sedimentation rate, a p value for comparison of young MI and elderly MI, b p 

value for comparison of young MI and control groups, c p value for comparison of elderly MI and control groups 

 

Table 3. Correlations of suPAR with other parameters 

 suPAR 

Coefficient(r) p value 

Hs-CRP 0.291 <0.001 

ESR 0.234 <0.001 

Syntax Score 0.533 <0.001 

Age 0.157 =0.004 

LV EF % -0.336 <0.001 

Hgb, g/dl -0.127 0.023 

White Blood Cell, 103/µl 0.338 <0.001 

Creatinine, mg/dl 0.209 <0.001 

HDL, mg/dl -0.262 <0.001 

LDL, mg/dl -0.087 0.118 

LDL: low-density lipoprotein, HDL: high-density lipoprotein, Hgb: hemoglobin, suPAR: soluble urokinase plasminogen activator 

receptor, Hs-CRP: high-sensitivity C-reactive protein, ESR: erythrocyte sedimentation rate, LVEF: left ventricular ejection fraction 

 

Table 3 summarizes the correlation analysis between suPAR and commonly used clinical biomarkers. 

The results revealed several important relationships. Notably, suPAR was significantly correlated with hs-

CRP (r=0.291, p<0.001), grammar score (r=0.533, p<0.001), white blood cell count (r=0.338, p<0.001) and ESR (r= 

0.234, p<0.001), age (r=0.157, p=0.004) and creatinine (r=0.209, p<0.001). On the other hand, negative 

correlations were observed between suPAR and hemoglobin (r=-0.127, p=0.023), left ventricular ejection 

fraction (LVEF) (r=-0.336, p<0.001) and high-density lipoprotein (HDL) . (r=-0.262, p<0.001). 
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In the logistic regression model assessing age, SuPAR, and Hs-CRP as predictors of intermediate-high 

Syntax Scores (≥23), all three variables showed a significant association in the univariate analysis with a p-

value of <0.001. In the multivariate analysis, age remained significant with a p-value of 0.002, Hs-CRP with a 

p-value of 0.003, and SuPAR with a p-value of <0.001. ESR had a significant association in univariate analysis 

(p<0.001), but it had no significant association in multivariate analysis (p=0.424). WBC had a significant 

univariate effect (p=0.038), but it had no significant impact on the multivariate analysis (p=0.146). The 

association between DM, gender and obesity was considered, but this did not have a significant impact on the 

statistics (Table 4). 

 

Table 4. Binary logistic regression analysis aiming to determine independent variables associated with 

intermediate-high SYNTAX score (≥23) 

 Univariate Analysis Multivariate Analysis 

Variable OR 95% CI P OR 95% CI P 

SuPAR 3.134 2.219-4.428 <0.001 2.436 1.508-3.937 <0.001 

Hs-CRP 1.067 1.036-1.099 <0.001 1.025 1.025-1.122 0.003 

ESR 1.043 1.018-1.069 0.001 1.007 0.972-1.040 0.424 

Age 1.107 1.048-1.170 <0.001 1.160 1.057-1.273 =0.002 

DM status 0.952 0.447-2.028 0.899    

Gender 1.679 0.900-3.130 0.103    

BMI 1.070 0.994-1.153 0.073    

WBC 1.104 1.005-1.213 0.038 1.146 0.953-1.378 0.146 

HDL 0.961 0.929-0.994 0.023 0.978 0.921-1.037 0.454 

LDL 1.002 0.995-1.009 0.552    

LDL: low-density lipoprotein, HDL: high-density lipoprotein, suPAR: soluble urokinase plasminogen activator receptor, Hs-CRP: 

high-sensitivity C-reactive protein, ESR: erythrocyte sedimentation rate, DM: Diabetes mellitus 

 

Table 5: Assessing the predictive value of SuPAR and Hs-CRP in determining the severity of coronary artery 

disease: An evaluation of intermediate-high syntax scores (≥23) 

 p AUC Cutoff Sensitivity Specificity 

suPAR <0.001 0.811 3.10 74.7% 69.9% 

Hs-CRP <0.001 0.700 6.5 65.8% 60.2% 

suPAR: soluble urokinase plasminogen activator receptor, Hs-CRP: high-sensitivity C-reactive protein, 
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In the ROC analysis, the established threshold values for suPAR and hs-CRP for forecasting a Syntax 

Score of 23 or higher were identified as 3.10 pg/mL and 6.5 mg/dL, respectively. These thresholds exhibited 

sensitivities of 74.7% for suPAR and 69.9% for hs-CRP, and specificities of 65.8% and 60.2%, respectively.  

The respective area under the curve (AUC) metrics were calculated as 0.811 (p<0.001) for suPAR and 

0.700 (p<0.001) for hs-CRP, as depicted in Figure 1 and Table 5. 

 

Figure 1. Assessing the predictive value of SuPAR and Hs-CRP in determining the severity of coronary artery 

disease: An evaluation of intermediate-high syntax scores (≥23) 

 

DISCUSSION 

 

Our main findings from this study indicate that suPAR levels were significantly higher in patients with 

MI compared to healthy controls. Additionally, it was observed that suPAR concentrations were notably 

higher in the elderly MI group in comparison to the younger MI group. In a similar vein, Hs-CRP levels 

demonstrated an increase in the elderly MI group. However, the comparison between the young MI group 

and the control group did not reveal any statistically significant rise in Hs-CRP levels. A strong positive 
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correlation was observed with the suPAR syntax score. Levels of suPAR and hs-CRP have been associated 

with predicting intermediate and high Syntax scores. In this context, ROC analysis revealed that new threshold 

values of suPAR and Hs-CRP could be useful in predicting an intermediate-high syntax score (≥23), suggesting 

their potential as simple and repeatable diagnostic tools for assessing the severity of coronary artery disease. 

Therefore, our findings contribute further to the existing literature on the relationship between suPAR, syntax 

score, and AMI patients. To our knowledge, this is the first study examining the relationship between suPAR 

levels and syntax scores in patients with AMI. 

An increased syntax score is a globally applied and well-established scoring system that indicates the 

severity of coronary artery disease. Previous studies have shown that an elevated syntax score is associated 

with increased cardiovascular mortality and morbidity (14,15). Chronic inflammatory processes have also 

been shown to contribute to the increase in Syntax Score (16). Chronic inflammation is linked to endothelial 

dysfunction, vasculopathy, and atherosclerosis (17). In a study by Corban et al., a relationship between suPAR 

and endothelial dysfunction was established (18). Another study by Hindy et al. demonstrated that suPAR 

triggers monocyte modulation, thereby inducing atherosclerosis (19). In research conducted by Goodchild et 

al., suPAR plays a key role in the pathophysiology of atherosclerosis by stimulating pro-inflammatory 

cytokines and activating neutrophils, monocytes, and endothelial cells (20). 

Similarly, previous studies involving hs-CRP have also established its association with endothelial 

dysfunction, vasculopathy, and atherosclerosis. Research conducted by Zaghloul et al and Mario et al 

demonstrated the relationship between endothelial dysfunction and hs-CRP (21,22). Additionally, studies by 

Niknezhad et al, Yu et al, and Swastini et al have linked hs-CRP with the development of atherosclerosis (23-

25).  

Previous studies have examined the relationship between hs-CRP and the syntax score. In the studies 

by Rezk et al. and Karadeniz et al., increased hs-CRP levels have been associated with an elevated syntax score 

in patients with ACS (26,27). Karadeniz et al. found that in patients with ACS, hs-CRP at a cut-off value of 5.77 

mg/dL predicted an intermediate-high risk syntax score (≥23) with 75% sensitivity and 69% specificity (27). In 

our study, similarly, hs-CRP at 6.5 mg/dL was found to predict an intermediate-high syntax score, 
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demonstrating 65.8% sensitivity and 60.2% specificity (p<0.001). However, SuPAR levels were superior to Hs-

CRP in both regression and ROC analyses for predicting moderate-to-high Syntax Scores. 

In contrast to hs-CRP, it has been demonstrated that the level of suPAR in plasma is not influenced by 

circadian rhythms and remains more stable under acute stress conditions (8,28). Additionally, suPAR has been 

shown to be superior to hs-CRP in predicting in-hospital mortality in patients with severe sepsis and septic 

shock (29). 

Numerous studies involving coronary artery disease have emphasized the significance of suPAR. 

Persson et al.'s research found that elevated plasma suPAR levels are linked to a higher incidence of 

cardiovascular disease (30). Lyngbæk et al. demonstrated that in patients with AMI, plasma suPAR levels are 

predictive of all-cause mortality and recurrent MI (28). Furthermore, Eapen et al. revealed that plasma suPAR 

levels are indicative of the presence of Coronary Artery Disease and can predict future adverse events (31). 

Importantly, this study also established that in predicting MI and mortality, suPAR operates independently 

of hs-CRP. 

Botha et al. observed a significant increase in suPAR levels over a five-year follow-up in South African 

black individuals who developed hypertension, indicating an independent association of baseline suPAR 

levels with the hypertensive group (32). Tahhan et al. found that individuals with peripheral artery disease 

have higher plasma suPAR levels compared to those with only coronary artery disease, correlating the 

prevalence of the disease with increased suPAR levels (33). Persson et al. also noted an increase in plasma 

suPAR levels in patients with carotid plaque, significantly elevating the risk of ischemic stroke and coronary 

artery disease (34). 

In our study, we examined the relationship between suPAR and SYNTAX score. Although it has been 

shown that suPAR triggers endothelial dysfunction, stimulates pro-inflammatory cytokines, and ultimately 

leads to atherosclerosis, to our knowledge, there are no studies demonstrating a relationship between suPAR 

levels and the SYNTAX score, which is used to indicate the severity of coronary artery disease. In this study, 

suPAR was found to be a strongly independent predictor of an intermediate-high syntax score (≥23). The cut-

off for suPAR was identified at 3.10 pg/dl, demonstrating a sensitivity of 74.7% and specificity of 69.9%. 
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Our study has several limitations. Firstly, its cross-sectional design suggests a need for larger, more 

comprehensive studies in the future to expand upon our results. Secondly, the age cutoff of 55 years used for 

grouping patients, while not a definitive boundary, has been utilized in some studies (35-38). The median age 

in the young MI group was 49, and in the elderly MI group, it was 66, indicating a significant age difference 

between the two groups. Thirdly, we recognize a major limitation in the gender distribution within the groups, 

particularly the predominance of male patients in the young MI group. This imbalance is a concern, though it 

is well-known that the incidence of AMI in younger ages is much higher in males (39,40). 

The principal strength of our research, likely to be of significant interest to clinical practitioners, lies in 

its provision of novel evidence concerning the pronounced impact of suPAR on the syntax score in predicting 

intermediate-high risk scenarios. This finding introduces a critical line of inquiry in the realm of cardiovascular 

risk assessment and management. 

 

CONCLUSION  

 

Our study contributes valuable insights into the relationship between inflammatory markers and the 

syntax score in MI patients. The strong correlation of suPAR with intermediate-high syntax scores offers a 

novel perspective in cardiovascular risk assessment. Despite its limitations, this research paves the way for 

future investigations, emphasizing the need for larger, more diverse cohorts to fully elucidate these 

relationships. Ultimately, these findings could have significant implications for the development of more 

nuanced diagnostic tools and targeted therapeutic strategies in the management of coronary artery disease. 
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