
ABSTRACT
Introduction: The SYNTAX (SYNergy between PCI with TAXUS and Cardiac Surgery) score (SS) is 
an angiographic scoring system to determine the severity of coronary artery disease (CAD). As far as we 
know, studies examining the relationship between SYNTAX Score and Cystatin C (Cys-C) are limited in 
the literature. In this study, we aimed to investigate the relationship between Cys-C level and SS in patients 
presenting with ST-elevation myocardial infarction (STEMI).

Patients and Methods: One hundred ninety-two patients who underwent coronary angiography for STEMI 
between June 2021 and December 2021 in our center were included in the study.  The patients were divided 
into two groups according to their SS values: Group 1 included patients with SS< 22, and Group 2 included 
patients with SS≥ 22. The two groups were compared in terms of baseline characteristics and serum Cys-C 
levels.

Results: Patients in Group 2 had significantly higher Cys-C levels than those in Group 1 (1.7 ± 0.53 vs 1.3 ± 
0.29; p= 0.006). In the correlation analysis, SS showed a positive correlation with the Cys-C level (r= 0.189, 
p= 0.015). Multivariate logistic regression analysis showed that Cys-C level was an independent predictor of 
high SS (β= 0.306, p= 0.006). When receiver operating characteristic (ROC) curve analysis was performed, 
the optimal cut-off value of Cys-C to predict severe coronary artery disease (indicating high SS) was Cys-C≥ 
1.56, which was predictive for severe coronary artery disease with 74% sensitivity and 72% specificity [area 
under the curve (AUC)= 0.745, 95% confidence interval (CI)= 0.624-0.835, p< 0.001).

Conclusion: Cystatin C levels are independently associated with high SS in STEMI patients. In summary, our 
findings show that Cys-C is a promising clinical biomarker that can be used to assess the severity of coronary 
artery lesions, potentially providing additional information to established risk markers.
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Akut Koroner Sendromlu Hastalarda Sistatin C ile Syntax Skoru Arasındaki İlişki
ÖZET
Giriş: SYNTAX (SYNergy between PCI with TAXUS and Cardiac Surgery) skoru (SS), koroner arter 
hastalığının (KAH) şiddetini belirlemek için kullanılan bir anjiyografik skorlama sistemidir. Bildiğimiz 
kadarıyla literatürde SYNTAX skoru ile Sistatin C (Cys-C) arasındaki ilişkiyi inceleyen çalışmalar sınırlıdır. 
Bu çalışmada ST yükselmeli miyokard enfarktüsü (STEMI) ile başvuran hastalarda Cys-C düzeyi ile SS 
arasındaki ilişkiyi araştırmayı amaçladık.

Hastalar ve Yöntem: Çalışmaya merkezimizde Haziran 2021 ile Aralık 2021 tarihleri arasında STEMI 
nedeniyle koroner anjiografi yapılan 192 hasta dahil edildi. Hastalar SS değerlerine göre iki gruba ayrıldı: 
Grup 1 SS< 22 olan hastalar, Grup 2 SS≥ 22 olan hastalar olarak tanımlandı. Başlangıç özellikleri ve serum 
Cys-C düzeyleri açısından iki grup karşılaştırıldı.

Bulgular: Grup 1 ile karşılaştırıldığında, Grup 2’deki hastalarda Cys-C düzeyleri anlamlı olarak daha 
yüksekti (1.7 ± 0.53’e karşılık 1.3 ± 0.29; p= 0.006). Korelasyon analizinde SS, Cys-C düzeyi ile pozitif 
korelasyon gösterdi (r= 0.189, p= 0.015). Çok değişkenli lojistik regresyon analizi, Cys-C seviyesinin yüksek 
SS’nin bağımsız bir öngörücüsü olduğunu gösterdi (β= 0.310, p= 0.006). Alıcı işletim karakteristiği (ROC) 
eğrisi analizi yapıldığında, ciddi koroner arter hastalığını (yüksek SS) öngörmek için Cys-C’nin optimal cut-
off değeri, Cys-C≥ 1.56 değerinde bulundu; ciddi koroner arter hastalığı için %74 duyarlılık ve %72 özgüllük 
ile öngördürücüydü [eğrinin altındaki alan (EAA)= 0.745, %95 güven aralığı (GA)= 0.624-0.835, p< 0.001).

Sonuç: Sistatin C düzeyi STEMI hastalarında bağımsız olarak yüksek SS ile güçlü bir şekilde ilişkilidir. 
Özetle, sonuçlarımız Cys-C’nin koroner arter hastalığının şiddetini değerlendirmek için kullanılabilecek umut 
verici bir klinik biyobelirteç olduğunu ve bu durumun yerleşik risk belirleyicileri için tamamlayıcı bilgiler 
sağlayabileceğini gösterdi.
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INTRODUCTION

Coronary artery disease (CAD), a major cause of morbid-
ity and mortality worldwide, remains one of the most pressing 
public health issues among cardiovascular diseases(1). Cystatin 
C or Cystatin 3 (formerly gamma trace, post-gamma-globulin, 
or neuroendocrine basic polypeptide), a protein encoded by the 
CST3 gene, is mainly used as a biomarker of kidney function(2). 
Epidemiological studies show that high circulating Cys-C is 
associated with a risk of cardiovascular disease (CVD), inde-
pendent of creatinine-based renal function(3,4).

With the advancement of technology, intravascular ultra-
sound (IVUS) has become another accurate tool for assessing 
atherosclerotic burden(5,6). The limitations of IVUS are cost 
and availability, as most CAD registries continue to use angi-
ography to assess atherosclerosis severity. SYNTAX (SYNergy 
between PCI with TAXUS and Cardiac Surgery) score (SS) is 
used as an angiographic scoring system to evaluate the sever-
ity and extent of CAD(7). Coronary angiography has potential 
consequences such as radiocontrast nephropathy, vascular 
rupture, and hematoma, and it is not cost-effective to perform 
on every patient. This emphasizes the importance of non-
invasive detectors (such as biomarkers) in predicting the risk 
and burden of CAD and taking appropriate protective meas-
ures. Although studies suggest that Cys-C may be a promising 
marker in this regard, the data in the literature are insufficient. 
Therefore, in this study, we tried to reveal the relationship of 
Cys-C with atherosclerotic extensivity and severity, as verified 
by the SYNTAX score.

PATIENTS and METHODS

Trial Design and Study Population
The study had a single center and a cross-sectional design. 

A total of 192 patients who underwent coronary angiography 
for STEMI between June 2021 and December 2021 in our 
center were included. Patients were divided into two groups 
according to their SS: Group 1 (SS< 22, mild CAD) and Group 
2 (SS≥ 22, severe CAD). Patients with known CAD, severe 
heart valve disease, heart failure, malignancy, acute infection, 
severe liver disease, and renal failure and patients without writ-
ten consent were excluded from the study. Type 2 diabetes 
mellitus was defined as a fasting blood glucose level of ≥126 
mg/dL and/or previous diagnosis and treatment of diabetes (8). 
Hypertension was defined as systolic blood pressure ≥140 
mmHg and/or diastolic blood pressure ≥90 mmHg or using 
antihypertensive therapy and/or having known hypertension(9). 
STEMI diagnosis and treatment were made according to cur-
rent guidelines(10).

The study was approved by the ethics committee of XXX 
Faculty of Medicine and was performed in accordance with the 
guidelines of the Declaration of Helsinki. Informed consent 
was obtained from all patients.

Biochemical Analysis
After the patients were admitted for coronary angiography, 

venous blood samples were taken into biochemistry tubes to 
study the serum Cys-C levels before the procedure. Samples 
were centrifuged at 4000 rpm for 15 minutes and serum were 
stored at -80°C until the day of analysis. Then, the Cys-C lev-
els of all participants were studied simultaneously using the 
same serum samples. The enzyme-linked immunosorbent 
assay (ELISA) was used to measure serum Cys-C.

Coronary angiography
The Judkins technique was used to perform coronary angi-

ography via the radial or femoral route. Two independent car-
diologists reviewed all angiographic images. The SYNTAX 
score was calculated as follows: According to the American 
Heart Association (AHA) classification, the coronary tree was 
divided into 16 segments. Scores assigned to each lesion iden-
tified in the coronary tree with >50% diameter narrowing in 
vessels >1.5 mm in diameter were added. Each segment was 
given 1 or 2 points according to the presence of the disease. 
This score was then weighted according to values ranging from 
3.5 for the proximal left anterior descending artery (LAD) to 
5.0 for the left main and 0.5 for the smaller branches (11).

Statistical Analysis
Statistical Program for Social Sciences 20 (IBM SPSS, 

Chicago, IL, USA) was used for all statistical calculations. The 
Kolmogorov-Smirnov test was used to test the normal distribu-
tion of the data. Continuous variables were expressed as mean 
± SD or median (interquartile range) and compared with 
Student’s t or Mann-Whitney U tests according to distribution. 
Categorical variables were expressed as percentages and num-
bers, and compared with the Chi-square test. Spearman’s cor-
relation analysis was performed to determine the correlation of 
SS with other continuous variables. In addition, multivariate 
logistic regression analysis was performed to identify inde-
pendent predictors of high SS. Receiver operating characteris-
tic (ROC) curve analysis was performed to determine the 
optimum cut-off value of the Cys-C level for predicting a high 
SYNTAX score. The statistical significance level was accepted 
as p< 0.05.

RESULTS

A total of 192 patients were included in the study. The de-
mographic and clinical characteristics of the patients are given 
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in Table 1. There was no significant difference between the two 
groups in terms of baseline demographic characteristics. How-
ever, Cys-C levels in Group 2 were significantly higher than 
in Group 1 (p= 0.006). In the correlation analysis, there was a 
positive correlation between the SYNTAX score and Cystatin 
C (r= 0.189, p= 0.015) (Table 2). Multivariate logistic regres-
sion analysis was performed to identify independent predictors 
of high SS. Cys-C and smoking were found to independently 
predict high SS in multivariate logistic regression analysis  
(β= 0.310, t= 2.759, p= 0.006; β= 0.230, t= 2.019, p= 0.045; 
respectively) (Table 3). The best cut-off value of Cystatin C in 
predicting high SS was determined by receiver operating char-

acteristic (ROC) analysis (Figure 1). When ROC curve analysis 
was performed, the optimal cut-off value of Cys-C to predict 
severe CAD (indicating high SS) was ≥1.56; which was predic-
tive for severe CAD with 74% sensitivity and 72% specificity 
[area under the curve (AUC)= 0.745, 95% confidence interval 
(CI)= 0.624-0.835, p< 0.001].

DISCUSSION

In this study, the aim was to examine the relationship be-
tween Cys-C and the presence of severe CAD. The main find-
ing of our study was that serum Cys-C levels were indepen-
dently associated with high SYNTAX scores, which indicate 

Table 1. Demographic and characteristic features of patients

Variables Group 1 n= 116 Group 2 n= 74 p

Age 54 ± 12 61 ± 13 0.028

Gender, male (%) 81 (69.8) 51 (68.9) 0.542

Diabetes mellitus, (%) 22 (18.9) 18 (24.3) 0.125

Hypertension, (%) 38 (32.7) 41 (55.4) 0.020

Hyperlipidemia, (%) 28 (24.1) 19 (25.6) 0.610

Smoking, (%) 48 (41.3) 38 (51.3) 0.029

SBP, mmHg 111 ± 11 112 ± 17 0.850

DBP, mmHg 71 ± 10 68 ± 12 0.290

Hemoglobin, (mg/dL) 14.2 ± 1.73 13.8 ± 1.42 0.390

Albumin, (mg/dL) 4.33 (4.00-4.50) 4.28 (3.90-4.40) 0.960

Uric acid, (mg/dL) 5.20 (4.20-6.10) 5.10 (4.10-6.00) 0.186

Pulse, (beats/min) 74 ± 13 75 ± 16 0.530

WBC, (109/L) 13.3 ± 4.2 12.5 ± 3.6 0.103

PLT, x103/µL 255 ± 74 242 ± 81 0.211

Hematocrit, (%) 41.8 ± 4.5 42.0 ± 4.6 0.152

CRP, mg/dL 0.53 (0.20-1.19) 0.56 (0.21-1.25) 0.253

Sediment, (mm/h) 19.0 ± 14.4 23.2 ± 22.2 0.08

BUN, (mg/dL) 15.7 ± 4.2 16.4 ± 7.1 0.324

Creatinine, (mg/dL) 0.85 ± 0.25 0.80 ± 0.25 0.06

LDL-C, (mg/dL) 105.0 (81.0-130.0) 108.0 (86.0-137.0) 0.135

HDL-C, (mg/dL) 33.0 (30.0-39.0) 33.0 (27.0-38.0) 0.580

Total cholesterol, (mg/dL) 178 (144.0-205.0) 180.0 (153.0-193.0) 0.090

Triglyceride, (mg/dL) 142.0 (101.0-211.0.) 145 (106.0-214.0) 0.107

LVEF, (%) 55 ± 9.5 53 ± 9.0 0.560

Cystatin C, (mg/L) 1.3 ± 0.29 1.7 ± 0.53 0.006

Group 1 (Syntax score< 22, mild coronary artery disease); Group 2 (Syntax score≥ 22, severe coronary artery disease).
SBP: Systolic blood pressure, DBP: Diastolic blood pressure, WBC: White blood cell count, PLT: Platelet count, BUN: Blood urea nitrogen, LDL-C: Low-density lipoprotein 
cholesterol, HDL-C: High-density lipoprotein cholesterol, LVEF: Left ventricular ejection fraction.
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severe CAD in STEMI patients. The findings of our study sug-
gest that there may be a possible relationship between Cys-C 
level and the severity of CAD. The higher the levels of Cys-C, 
the higher the SYNTAX score, indicating greater severity of 
atherosclerotic burden in the coronary arteries. Our findings 
suggest that the serum level of Cys-C could be a promising 
biomarker for detecting the extent and severity of atheroscle-
rotic vessel disease.

Coronary angiography is used as the gold standard diag-
nostic method in determining the severity of CAD(12). For this 
reason, some scoring systems based on angiographic imaging 
have been developed. SS is a scoring system used angiograph-
ically to determine the severity and extent of CAD. The num-
ber, location, and functional significance of the lesions are all 
evaluated in this scoring system(12,13). Studies have shown a 

relationship between high SS and adverse cardiac events(14). 
Therefore, this scoring system is accepted as an independent 
prognostic marker widely used in CAD patients. 

Atherosclerosis is a complex disease of the arteries charac-
terized by endothelial dysfunction, vascular inflammation, and 
subintimal lipid deposition. Although the underlying mecha-
nisms are controversial, many cardiometabolic risk factors 
facilitate the development of atherosclerosis. As the disease 
progresses, the formation of an atherosclerotic plaque causes 
the development of acute coronary syndrome, which results in 
platelet activation and thrombus formation after plaque erosion 
or rupture(15). Previous studies have found a strong link 
between high Cys-C serum levels and stable CAD, acute coro-
nary syndrome (ACS), non-ST-elevation acute coronary syn-
drome (NSTEMI), and ST-elevated myocardial infarction 

Table 3. Multivariate linear regression analysis showing independent predictor of high SYNTAX score

Unstandardized coefficients Standardized coefficients

Variables B SE β t p

Hyperlipidemia 0.163 2.783 0.007 0.058 0.920

Systolic blood pressure 0.008 0.071 0.008 0.063 0.823

Hypertension 0.384 2.521 0.024 0.153 0.893

Diabetes mellitus 0.442 2.703 0.019 0.149 0.728

Age 0.101 0.092 0.151 1.128 0.213

Cystatin C 7.654 2.303 0.310 2.759 0.006

Smoking 4.541 2.253 0.230 2.019 0.045

Table 2. Correlation analysis between SYNTAX score, cystatin C, and other parameters

Variables Correlation coefficient (r) p

Age 0.106 0.012

SBP, (mmHg) -0.012 0.912

e-GFR, (mL/min) -0.001 0.979

Uric acid, (mg/dL) 0.049 0.246

Albumin, (mg/dL) -0.178 0.128

WBC, (x1000/mm3) -0.046 0.379

Hematocrit, (mg/dL) -0.135 0.158

CRP, (mg/dL) 0.093 0.029

LVEF, (%) -0.194 0.241

LDL-C, (mg/dL) -0.054 0.642

Creatinine, (mg/dL) 0.205 0.059

Cystatin C, (mg/dL) 0.189 0.015

CRP: C-reactive protein, LVEF: Left ventricular ejection fraction, eGFR: Estimated glomerular filtration rate, LDL-C: Low-density lipoprotein cholesterol, SBP: Systolic 
blood pressure, WBC: White blood cell.
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(STEMI)(16-20). When the relationships between Cys-C and 
CAD severity were evaluated, we found a positive correlation 
between Cys-C serum levels and SYNTAX score. The results 
of our study are consistent with some past studies proving that 
elevated Cys-C levels are associated with the severity of 
CAD(18-20). 

Several previous studies have demonstrated a link between 
SYNTAX score and CAD prognosis, such as mortality and 
disease progression(14,21,22). However, few studies have high-
lighted the role of Cys-C in predicting the severity of athero-
sclerotic vessel prevalence(19,20). The association of high 
Cys-C with mortality and morbidity has also been demon-
strated in several cohort studies(23-27). Furthermore, previous 
research has shown an independent relationship between 
Cys-C and the number of narrowed vessels(28). These observa-
tions confirmed that Cys-C levels may not be merely an indica-
tor of renal dysfunction and thus may represent more than just 
a marker of renal function. Thus, Cys-C may be a more potent 
biomarker for predicting the severity and adverse outcomes of 
CAD. 

Cystatin C is expressed in nucleated cells, regulates the 
activity of cysteine protease, and plays a role in the dynamic 
balance of production and degradation of the extracellular 
matrix (ECM). Cys-C and its fragments can also affect the 
phagocytic and chemotactic ability of neutrophils, participate 
in the inflammatory process and modulate inflammatory 
responses(29). Inflammation plays an important role in the 
development of atherosclerosis(30,31). Several studies have 

shown that an imbalance in cysteine protease and its inhibitor 
leads to the degradation of the extracellular matrix and the 
development of atherosclerosis by directing monocytes, mac-
rophages, and vascular smooth muscle cells to the intima(32,33). 
Cysteine proteinase, the major enzyme in ECM degradation, 
and its inhibitor as Cys-C is expressed in the plaque. An excess 
of cysteine proteinase over Cys-C may contribute significantly 
to ECM destruction rendering the plaque more prone to rup-
ture. ECM disruption and positive arterial remodeling are 
closely associated with plaque destabilization, suggesting that 
cysteine proteinase-Cys-C imbalance may facilitate plaque 
sensitivity as a result of ACS(34). Several studies found that in 
patients with NSTE-ACS and increased cardiac troponin T 
concentrations, high plasma Cys-C concentrations are associ-
ated with a higher risk of death and spontaneous MI and there 
is evidence that both elastolytic cysteine proteases and their 
inhibitors, such as Cys-C, are involved in the pathogenesis of 
atherosclerosis(35,36). Therefore, protease-antiprotease imbal-
ance may be the main factor underlying the close relationship 
between Cys-C and acute coronary syndrome. As we found in 
our study, the high Cys-C levels in patients with high SYNTAX 
scores can be explained by the fact that as the atherosclerotic 
load increases, the protease-antiprotease balance in the athero-
sclerotic plaque deteriorates and the protective mechanisms are 
upregulated at that rate in the acute period. A previous experi-
mental study showed that the absence of the protease inhibitor 
Cys-C in inflammatory cells resulted in a larger area of athero-
sclerotic plaque and induced atherosclerosis in an atheroscle-
rotic mouse model(32). This can be explained by counterregula-
tory upregulation so a negative feedback loop in the upregula-
tion of Cys-C to counteract the increased elastolysis activity.

In addition, a renal mechanism might be another potential 
link between increased Cys-C and CAD and its severity. 
Several studies have demonstrated that early renal dysfunction 
is a strong and independent risk for CAD(37,38). Systemic 
microinflammation response would accelerate the progression 
of atherosclerosis in CAD patients with early renal impair-
ment. The systemic microinflammatory response has been 
found to accelerate the progression of atherosclerosis in CAD 
patients with early renal failure(39). 

In this study, high serum Cys-C levels were found to be 
consistent with a high SYNTAX score. This suggests that 
Cys-C has an active role in the biological process that leads to 
the instability and formation of atherosclerotic plaque and 
therefore, Cys-C level may be a promising clinical biomarker 
to predict the severity and prognosis of CAD.

The most significant limitation of our study was that it was 
a cross-sectional study with a small number of patients. 
Secondly, only patients with a diagnosis of STEMI were 

Figure 1. ROC curve analysis of Cystatin C predicting high SYNTAX 
score.
AUC: Area under the curve.
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included in the study, and other patients with acute coronary 
syndrome were not evaluated. Finally, there was no control 
group with normal coronary arteries in our study. We believe 
that prospective studies with larger populations are needed to 
confirm our findings. 

CONCLUSION

Our findings show that Cys-C levels are higher in those with 
severe CAD than in those with mild CAD and are significantly 
related to CAD severity. This implies that Cys-C may be an inde-
pendent predictor of CAD severity, as verified by the SYNTAX 
score. Further research is needed to clarify the pathophysiologi-
cal mechanisms responsible for this association.
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