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Abstract

Background and Objectives: Systemic inflammation is a key driver in the progression and complexity
of coronary artery disease (CAD). Serum calprotectin and the C-reactive protein—triglyceride-glucose
index (CTI) have emerged as potential inflammatory and metabolic biomarkers; however, their
association with angiographic disease severity has not been clearly defined. This study aimed to
evaluate the relationship between serum calprotectin, CTL, and the SYNTAX score (SS) in patients
with stable CAD. Materials and Methods: A total of 134 patients undergoing coronary angiography
were enrolled. The SS was calculated to quantify coronary lesion complexity. Patients were classified
into two groups based on the results of the coronary angiogram: low SS (n = 73, SS <23), and
intermediate-high SS (n = 61, SS >23). Serum calprotectin, and CTI were obtained at baseline.
Correlation analyses were performed to evaluate associations between biomarkers and SS. Receiver
operating characteristic (ROC) curve analysis assessed the ability of these biomarkers to predict
intermediate-high SS. Univariable and multivariable logistic regression analyses were performed to
determine independent associations. Results: Patients with intermediate-high SS had significantly
higher levels of serum calprotectin (1009.5 vs. 505.7 ng/mL), and CTI (9.9 vs. 9.5) compared with those
with low SS (all p<0.001). Spearman correlation analysis demonstrated significant positive
correlations between SS and, serum calprotectin (o = 0.488), and CTI (o = 0.453) (all p < 0.001). ROC
analysis showed moderate discriminatory performance for predicting intermediate-high SS (0.739
for serum calprotectin, and 0.722 for CTI). In multivariable models, CTI showed the strongest
independent association with intermediate-high SS (OR: 4.66, 95% CI: 2.00-10.84, p<0.001).
Conclusions: Serum calprotectin and CTI were significantly associated with coronary lesion
complexity, as measured by the SS. These biomarkers may serve as valuable tools for identifying
patients with greater CAD severity and anatomical complexity.

Keywords: coronary artery disease; SYNTAX score; serum calprotectin, C-reactive protein;
triglyceride—glucose index; inflammation
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1. Introduction

Coronary artery disease (CAD) is one of the leading causes of morbidity and mortality
worldwide [1-3]. The anatomical extent and complexity of coronary atherosclerosis are important
determinants guiding both revascularization decisions and clinical management [3]. The Synergy
between Percutaneous Coronary Intervention and TAXUS and Cardiac Surgery (SYNTAX) score (SS)
is a validated angiographic tool designed to measure coronary lesion complexity. It has demonstrated
strong prognostic benefit in patients with stable CAD [4]. SS typically ranges from zero to the values
exceeding 60 in cases of highly complex coronary anatomy. Higher scores reflect a greater anatomical
burden and disease complexity [5,6]. According to the SS classification, patients are classified into
three groups: low risk (<23), intermediate risk (23-32), and high risk (=33). It is known that patients
with intermediate-high SS have worse clinical outcomes, including increased mortality, myocardial
infarction and major adverse cardiovascular events, and generally require more complex
revascularization strategies [5]. Regarding prognostic evaluation, findings from the BARI 2D trial
indicated that individuals with an intermediate-high SS (>23) faced a significantly elevated risk for
development of major adverse cardiovascular events [7]. Inflammation plays a leading role in all
stages of atherosclerosis, from plaque formation to progression and eventual destabilization.
Accordingly, systemic inflammatory activity is a potential marker of disease severity beyond
conventional cardiovascular risk factors [8]. CRP has been extensively investigated and associated
with adverse cardiovascular outcomes and increased plaque burden [9]. However, CRP represents a
non-specific inflammatory response and may not fully reflect the complexity of inflammatory
pathways involved in advanced CAD. Calprotectin, also known as S100A8/A9 or MRP8/14, is a
heterodimer of S100A8 and S100A9 proteins released primarily by activated neutrophils and
monocytes. Unlike CRP, which reflects general systemic inflammation, calprotectin directly reflects
neutrophil-monocyte activation and local vascular inflammatory activity. High serum calprotectin
levels have been associated with endothelial dysfunction, plaque instability, poorly developed
coronary collateral circulation, and adverse cardiovascular outcomes [10-12]. Experimental and
clinical studies demonstrate that calprotectin plays an active role in atherogenesis by promoting
leukocyte recruitment and potentiating inflammatory signaling within the vascular wall [11].
Increasing evidence highlights the interplay between metabolic dysregulation and inflammation in
the pathophysiology of CAD. The triglyceride-glucose (TyG) index has been proposed as an indicator
of insulin resistance and has shown significant associations with cardiovascular risk and
atherosclerotic burden [13-15]. Recently, composite indices integrating inflammatory and metabolic
components such as C-reactive protein-triglyceride-glucose index (CTI) have been introduced to
better reflect the inflammatory-metabolic environment contributing to the severity of CAD [15].
However, the clinical significance of CTI and serum calprotectin in relation to coronary lesion
complexity has not been fully elucidated. We hypothesized that higher levels of these inflammation-
related biomarkers would be associated with greater angiographic coronary complexity and would
help identify patients with moderate-to-high SS. Therefore, the present study aimed to investigate
the relationship between serum calprotectin, CTI, and SS in patients with stable CAD.

2. Materials and Methods
2.1. Study Design and Population

This prospective cross-sectional study was conducted at the Department of Cardiology, Faculty
of Medicine, Yozgat Bozok University, Tiirkiye. The study included 134 consecutive patients aged
between 18 to 80 years old with CAD who presented with stable angina pectoris or angina-equivalent
symptoms and underwent diagnostic coronary angiography between June 2019 and May 2020.
Patients were excluded if they met any of the following criteria: acute coronary syndrome; active
infection; ongoing inflammatory or autoimmune disorders; prior coronary artery bypass grafting;
previous percutaneous coronary intervention; heart failure with a left ventricular ejection fraction
(LVEF) < 50%; hypertrophic cardiomyopathy; coronary artery spasm; moderate-to-severe valvular
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heart disease; congenital cardiac anomalies; thyroid dysfunction; renal impairment (eGFR < 50
mL/min/1.73 m?); hepatic dysfunction (transaminase levels exceeding three times the upper normal
limit); hematologic disorders; or active malignancy. Additionally, individuals receiving lipid-
lowering therapy were excluded to minimize potential effects on metabolic and inflammatory
markers. All demographic, clinical, laboratory, and angiographic data were collected prospectively
during the index hospitalization.

2.2. Clinical Definitions and Echocardiography

Individuals with fasting plasma glucose level of 2126 mg/dL or receiving oral antidiabetic
medication or insulin therapy were considered to have diabetes mellitus. Hypertension was defined
as systolic blood pressure of 2140 mmHg, diastolic blood pressure of 290 mmHg, or the use of
antihypertensive drugs at the time of evaluation. Hyperlipidemia was defined as a total serum
cholesterol level of 2200 mg/dL. Smoking status was recorded as active tobacco use at the time of
clinical assessment. Body mass index (BMI) was calculated by dividing body weight in kilograms by
the square of height in meters (kg/m?). Transthoracic echocardiography was performed using a
Philips Affiniti 50 ultrasound system (Philips Healthcare, Eindhoven, the Netherlands) in accordance
with the recommendations of the American Society of Echocardiography. The LVEF was calculated
using the modified biplane Simpson’s method.

2.3. Laboratory Measurements

Fasting venous blood samples were obtained upon admission, prior to coronary angiography.
Samples were collected in 5 mL BD Vacutainer SST II Advance tubes (Becton, Dickinson and
Company, Franklin Lakes, NJ, USA) and centrifuged at 1300 x g for 10 minutes following clot
completion. The separated sera were stored at —80 °C until the time of analysis. Serum calprotectin
levels were measured using Human Enzyme-Linked Immunosorbent Assay (ELISA) kits (Sunlong
Biotech Co., Ltd., Hangzhou, China), with values expressed in ng/mL. A complete blood count was
performed using the XN 1000 analyzer (Sysmex America Inc., Lincolnshire, IL, USA). CRP levels,
fasting glucose, triglycerides, and liver and kidney function parameters were measured using the
Architect ci4100 automated analyzer (Abbott, Abbott Park, IL, USA). The CTI was calculated based
on established formulas integrating inflammatory and metabolic components [16], using fasting
serum triglyceride, fasting plasma glucose, and CRP levels obtained from venous blood samples
collected after an overnight fast of at least 8 hours. Triglyceride and glucose values were converted
from mg/dL to mmol/L before CTI calculation.

CTI =In [CRP (mg/L) x triglyceride (mmol/L) x glucose (mmol/L) / 2].

2.4. Coronary Angiography and Angiographic Evaluation

Coronary angiography was performed via the radial or femoral artery using the standard
Judkins technique. Coronary arteries were visualized in cranial, caudal, and right/left oblique
projections using a Philips Allura Xper FD10 system (Philips Healthcare, Eindhoven, Netherlands).
Iopromide (Ultravist 370, Schering AG, Berlin, Germany) was used as the contrast medium. Only
patients with optimal angiographic image quality were included. Angiograms and quantitative
coronary analyses were independently assessed by two experienced cardiologists who were blinded
to clinical and laboratory data. Luminal diameter stenosis was recorded according to the American
Heart Association reporting system, with the anatomical location and percentage of stenosis
documented for each lesion. The SS was calculated for all patients using dedicated software (available
at http://www.syntaxscore.com/calc/start.htm). Thereafter, the patients were divided into two groups
based on the severity of CAD: low SS (n =73, S5 <23), and intermediate-high SS (n = 61, SS >23).
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2.5. Ethical Approval

The study protocol was reviewed and approved by the Local Ethics Committee (Decision Date:
24 April 2019; Approval Number: 2017-KAEK-189-01). The study was conducted in strict accordance
with the principles outlined in the Declaration of Helsinki. All procedures involving human
participants were performed in compliance with institutional and national ethical standards. All
participants were fully informed about the study’s objectives and provided written informed consent
prior to enrollment.

2.6. Statistical Analysis

All statistical analyses were performed using the Python programming language (version 3.11)
with the pandas, NumPy, and SciPy libraries. The normality of continuous variables was assessed
using the Shapiro-Wilk test and further evaluated by visual inspection of histograms and Q-Q plots.
As none of the continuous variables showed a normal distribution, data are presented as medians
with interquartile ranges (IQR), while categorical variables are expressed as absolute numbers and
percentages. Comparisons of continuous variables between groups were performed using the non-
parametric Mann—-Whitney U test. Associations between inflammatory biomarkers and CAD severity
were evaluated using Spearman’s rank correlation analysis. The diagnostic performance of CRP,
serum calprotectin, and the CTI for predicting intermediate-high SS was assessed using receiver
operating characteristic (ROC) curve analysis. Discriminatory ability was quantified by calculating
the area under the curve (AUC), and statistical significance was tested against the null hypothesis of
an AUC of 0.5. Optimal cut-off values were determined using the Youden index to maximize
sensitivity and specificity. Comparisons between ROC curves were conducted using the Hanley and
McNeil method [17]. Odds ratios (ORs) with 95% confidence intervals (Cls) were calculated to
estimate the risk of intermediate-high coronary complexity associated with elevated biomarker
levels. A two-tailed p-value of < 0.05 was considered statistically significant for all analyses.

3. Results

3.1. Baseline Characteristics of the Study Population

A total of 134 patients with angiographically confirmed CAD were included in the analysis and
divided into two groups according to SS: low SS (n =73) and intermediate—high SS (n = 61). The mean
age of the study population was 61.3 + 7.8 years, and 70.9% of the patients were male. The mean BMI
was 24.63 + 2.2 kg/m?, reflecting a predominantly normal-to-overweight population. Common
cardiovascular risk factors were highly prevalent, including dyslipidemia (53.7%), diabetes mellitus
(51.5%), hypertension (48.5%), and active smoking (42.5%). The mean SS was 24.29 + 10.99, and 45.5%
of patients were classified as having intermediate-high SS. Inflammatory markers demonstrated a
mean CRP level of 7.56 + 5.13 mg/L. Additionally, the mean serum calprotectin level was 838.06
+582.03 ng/mL, and the mean CTI was 9.74 + 0.65. Baseline demographic and clinical characteristics
were comparable between the two groups (Table 1). Although patients in the intermediate-high SS
group tended to be older, the difference did not reach statistical significance. Systolic and diastolic
blood pressure, BMI, heart rate, and LVEF were similar between the groups (all p > 0.05). There were
no significant differences in smoking status, dyslipidemia, diabetes mellitus, or hypertension.
Triglyceride levels were higher in the intermediate-high SS group; however, this difference was
borderline and did not reach statistical significance (p = 0.053). Routine biochemical parameters did
not differ significantly between the groups (all p > 0.05). Notably, inflammatory markers showed
significant differences. CRP levels were markedly elevated in the intermediate-high SS group
compared with the low SS group (9.8 [5.6-15.0] vs. 5.0 [3.0-6.3] mg/L, p < 0.001). Similarly, serum
calprotectin levels were significantly higher in patients with intermediate-high SS (1009.5 [511.6—
1607.6] vs. 505.7 [365.1-684.9] ng/mL, p < 0.001). Additionally, the CTI was significantly increased in
the intermediate-high SS group (9.9 [9.7-10.2] vs. 9.5 [9.3-9.9], p < 0.001).
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Table 1. Baseline demographic and clinical characteristics of patients according to SYNTAX score category.

Low SS (<23)

Intermediate-High SS (=23)

Variable (n=73) (n=61) p-value
Age (years) 60 (55-67) 65 (57-67) 0.076
Body Mass Index (kg/m?) 24.5 (23.5-26.5) 24.1 (23.4-25.8) 0.252
Systolic BP (mmHg) 130 (130-140) 135.0 (127.5-140.0) 0.286
Diastolic BP (mmHg) 80 (78-80) 80 (75-80) 0.960
Heart Rate (bpm) 78 (76-80) 78 (75-80) 0.454
Fasting Glucose (mg/dL) 100 (90-132) 98 (90-123) 0.321
BUN (mg/dL) 25 (23-30) 25 (21-28) 0.278
Creatinine (mg/dL) 0.9 (0.8-1.0) 0.8 (0.8-0.9) 0.286
Total Cholesterol (mg/dL) 213 (191-234) 219 (209-234) 0.177
Triglycerides (mg/dL) 145 (114-183) 166 (140-193) 0.053
HDL-C (mg/dL) 40 (37-45) 40 (34-41) 0.273
LDL-C (mg/dL) 124 (110-145) 132 (118-145) 0.161
AST (U/L) 18 (14-20) 18 (11-21) 0.547
ALT (U/L) 22 (18-26) 21 (18-25) 0.885
CRP (mg/L) 5.0 (3.0-6.3) 9.8 (5.6-15.0) <0.001
WBC (x103/uL) 7.8 (7.0-8.9) 7.8 (6.7-8.9) 0.845
Hemoglobin (g/dL) 14.4 (13.3-15.3) 14.6 (13.8-15.8) 0.505
Platelet (x103/uL) 250 (201-275) 250 (172-276) 0.591
Serum Calprotectin (ng/mL) 505.7 (365.1-684.9) 1009.5 (511.6-1607.6) <0.001
CTI 9.5 (9.3-9.9) 9.9 (9.7-10.2) <0.001
LVEF (%) 52 (50-54) 53 (52-54) 0.431
Gender 0.773
Male, n (%) 51 (69.9) 44 (72.1)
Female, n (%) 22 (30.1) 17 (27.9)
Smoking Status 0.494
Non-smoker, n (%) 40 (54.8) 37 (60.7)
Smoker, n (%) 33 (45.2) 24 (39.3)
Dyslipidemia 0.938
Absent, n (%) 34 (46.6) 28 (45.9)
Present, n (%) 39 (53.4) 33 (54.1)
Diabetes Mellitus 0.887
Absent, n (%) 35 (47.9) 30 (49.2)
Present, n (%) 38 (52.1) 31 (50.8)
Hypertension 0.213
Absent, n (%) 34 (46.6) 35 (57.4)
Present, n (%) 39 (53.4) 26 (42.6)

d0i:10.20944/preprints202603.1437.v1

Data are presented as median (interquartile range) for continuous variables and n (%) for categorical variables.
P-values from Mann-Whitney U test for continuous variables and chi-square test for categorical variables. Bold
p-values indicate statistical significance (p < 0.05). SS, SYNTAX score; BP, blood pressure; BUN, blood urea
nitrogen; HDL-C, high-density lipoprotein cholesterol; LDL-C, low-density lipoprotein cholesterol; AST,
aspartate aminotransferase; ALT, alanine aminotransferase; CRP, C-reactive protein; WBC, white blood cell; CTI,

CRP-triglyceride—glucose index; LVEEF, left ventricular ejection fraction.

3.2. Correlation Between Inflammatory Biomarkers and SYNTAX Score

Correlation analyses between clinical variables and the SS are presented in Table 2. Spearman
correlation analysis demonstrated significant positive associations between the SS and key
inflammatory biomarkers. Serum calprotectin showed a moderate correlation with SS (o = 0.488, p <
0.001), similar to that observed for CRP (g = 0.488, p < 0.001). CTI was also significantly correlated
with SS (o = 0.453, p <0.001) (Figure 1). Triglyceride levels showed a weak positive correlation with
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the SS; however, this relationship was not statistically significant (o = 0.168, p = 0.053). Furthermore,
traditional cardiovascular risk factors and other lipid parameters did not show a significant
correlation with the SS. Kendall’s tau-b correlation analysis, performed as a complementary analysis
due to the presence of tied ranks in CRP values, confirmed these findings. The Kendall t-b coefficients
were 0.341 for CRP, 0.353 for serum calprotectin, and 0.326 for CTI, all indicating statistically
significant associations with the SS (p < 0.001 for all).

Correlation Between Biomarkers and SYNTAX Score

p=0.488,p <0001 p=0488,p<0.001 p=0453,p<0.001
5 5 %
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40
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Figure 1. Scatter plots showing the correlation between CRP, serum calprotectin, CTI and SYNTAX score. o,

Spearman rank correlation coefficient. The red line represents the linear regression fit.

Table 2. Correlation coefficients between clinical variables and SYNTAX score.

Variable Spearman @ Kendall t-b p-value

CRP (mg/L) 0.488 0.341 <0.001
Serum Calprotectin (ng/mL) 0.488 0.353 <0.001
CTI 0.453 0.326 <0.001
Triglycerides (mg/dL) 0.168 — 0.053
Body Mass Index (kg/m?) -0.139 — 0.110
Total Cholesterol (mg/dL) 0.130 — 0.133
Hemoglobin (g/dL) 0.121 — 0.169
LDL-C (mg/dL) 0.103 — 0.238
HDL-C (mg/dL) -0.090 — 0.303
Age (years) 0.085 — 0.327
AST (U/L) -0.083 - 0.339

WBC (x103/uL) -0.083 — 0.347
Heart Rate (bpm) 0.078 — 0.372
Systolic BP (mmHg) 0.073 — 0.401
BUN (mg/dL) -0.073 — 0.405
ALT (U/L) -0.062 — 0.474
Creatinine (mg/dL) -0.055 — 0.530
LVEF (%) 0.046 — 0.596
Platelet (x103/uL) 0.030 — 0.737
Diastolic BP (mmHg) 0.021 - 0.809
Fasting Glucose (mg/dL) -0.019 — 0.826

0, Spearman rank correlation coefficient; t-b, Kendall’s tau-b rank correlation coefficient. Kendall’s tau-b values
are presented for the three key biomarkers as a complementary analysis given the substantial number of tied
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ranks in CRP values (56 unique values among 134 observations). p-values correspond to the Spearman
correlation. Bold p-values indicate statistical significance (p < 0.05). CRP and serum calprotectin yielded nearly
identical Spearman coefficients at three decimal places; at five decimal precision: CRP ¢ = 0.48834, serum
calprotectin ¢ = 0.48831. CRP, C-reactive protein; CTI, CRP-triglyceride-glucose index.

3.3. Comparison According to SYNTAX Score Category

When patients were stratified according to SS categories, those with intermediate-high SS
exhibited significantly higher median levels of inflammatory biomarkers compared with the low SS
group. Median CRP levels were 9.8 mg/L (IQR: 5.6-15.0) in the intermediate-high SS group and 5.0
mg/L (IQR: 3.0-6.3) in the low SS group (p < 0.001). Similarly, serum calprotectin levels were
significantly elevated in patients with intermediate-high SS (1009.5 ng/mL [IQR: 511.6-1607.7])
compared with those with low SS (505.7 ng/mL [IQR: 365.1-684.9]; p < 0.001). CTI was likewise
significantly higher in the intermediate-high SS group (median 9.90 vs. 9.52; p <0.001) (Figure 2).

Comp of Infl. y Biomarkers Between SYNTAX Score Groups
CRP Serum Calprotectin cm
(p <0.001) (p <0.001) (p <0.001)
L | 2500 e 2 m—r
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Figure 2. Box plots comparing CRP, serum calprotectin, and CTI between low SYNTAX score (<23) and
intermediate-high SYNTAX score (23) groups. The central line represents the median; the box represents the
interquartile range. P-values from Mann-Whitney U test.

3.4. Diagnostic Performance for Intermediate—-High SYNTAX Score

ROC curve analysis was performed to evaluate the discriminatory ability of CRP, serum
calprotectin, and CTI for predicting Remarkably, CTI continued to show the strongest independent
associatio intermediate-high SS. CRP demonstrated the highest discriminatory performance with an
AUC of 0.764 (95% CI: 0.682-0.846, p < 0.001), followed by serum calprotectin (AUC: 0.739; 95% CI:
0.653-0.825, p < 0.001) and the CTI (AUC: 0.722; 95% CI: 0.635-0.810, p < 0.001) (Figure 3). Optimal
cut-off values derived using the Youden index were 7.40 mg/L for CRP, 944.28 ng/mL for serum
calprotectin, and 9.56 for the CTI (Table 3a).

Table 3. a. Receiver operating characteristic curve analysis for predicting intermediate-high SYNTAX score. b.
Pairwise comparison of ROC curves using the Hanley-McNeil method.

Variable AUC (95% CI) p-valueCut-off Sensitivity (%) Specificity (%) Youden Index

CRP 0.764 (0.682-0.846) <0.001 7.40 65.6 83.6 0.491
Serum Calprotectin 0.739 (0.653-0.825) <0.001 944.28 54.1 94.5 0.486

CTI 0.722 (0.635-0.810) <0.001  9.56 90.2 52.1 0.422
Comparison AAUC z-statistic p-value
CRP vs Serum Calprotectin 0.025 0.480 0.631
CRP vs CTI 0.042 0.802 0.422
Serum Calprotectin vs CTI 0.017 0.298 0.766

AUC, area under the curve; CI, confidence interval. Optimal cut-off values determined by the Youden index. P-
values represent comparison against the null hypothesis (AUC = 0.5) using the Hanley-McNeil method. CRP,
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C-reactive protein; CTI, CRP-triglyceride-glucose index. AAUC, difference in area under the curve. P-values

from Hanley—McNeil method for comparing correlated ROC curves.

ROC Curves for Predicting Intermediate—-High SYNTAX Score
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Figure 3. Receiver operating characteristic (ROC) curves comparing the diagnostic performance of CRP, serum

calprotectin, and CTI for predicting intermediate-high SYNTAX score (>23). AUC, area under the curve; CI,

confidence interval.

Pairwise comparisons of the ROC curves were performed using the Hanley-McNeil method to
evaluate whether the discriminatory performance of the three biomarkers differed significantly
(Table 3b). The comparison between CRP and serum calprotectin showed a small difference in AUC
that was not statistically significant (AAUC = 0.025; z = 0.480; p = 0.631). Similarly, the difference
between CRP and CTI did not reach statistical significance (AAUC = 0.042; z = 0.802; p = 0.422).
Likewise, serum calprotectin and CTI demonstrated no significant difference in discriminatory
performance (AAUC =0.017; z=0.298; p = 0.766).

To further quantify the association between inflammatory biomarkers and coronary lesion
complexity, univariable and multivariable logistic regression analyses were performed with
intermediate-high SS (223) as the dependent variable and continuous biomarker levels as
independent variables (Table 4). In the univariable analysis, higher levels of all three biomarkers were
significantly associated with an increased likelihood of intermediate-high SS. Each 1 mg/L increase
in CRP was associated with a 27% higher odds of intermediate-high coronary complexity (OR: 1.27;
95% CI: 1.15-1.40; p <0.001). Similarly, for serum calprotectin, each 100 ng/mL increase corresponded
to a 24% increase in odds of intermediate-high SS (OR: 1.24; 95% CI: 1.13-1.35; p <0.001). Among the
evaluated biomarkers, CTI demonstrated the strongest association, with each 1-unit increase
associated with a 3.82-fold higher odds of intermediate-high coronary complexity (OR: 3.82; 95% CI:
1.79-8.16; p <0.001). After adjustment for potential confounders including age, sex, diabetes mellitus,
hypertension, and smoking status, the associations remained robust in the multivariable logistic
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regression analysis. The adjusted OR for CRP remained 1.27 per 1 mg/L increase (95% CI: 1.15-1.41;
p <0.001), while serum calprotectin retained a significant association with an adjusted OR of 1.24 per
100 ng/mL increase (95% CI: 1.13-1.36; p < 0.001). CTI continued to show the strongest independent
association, with an adjusted OR of 4.66 per unit increase (95% CI: 2.00-10.84; p < 0.001).

Table 4. Univariable and multivariable logistic regression analysis for predicting intermediate-high SYNTAX

score.

Biomarker Unadjusted OR (95% CI) p-value Adjusted OR* (95% CI) p-value
CRP (per 1 mg/L) 1.27 (1.15-1.40) <0.001 1.27 (1.15-1.41) <0.001
Serum Calprotectin (per 1.24 (1.13-1.35) <0.001 1.24 (1.13-1.36) <0.001
100 ng/mL)
CTI (per 1 unit) 3.82 (1.79-8.16) <0.001 4.66 (2.00-10.84) <0.001

OR, odds ratio; CI, confidence interval. Odds ratios represent the risk per unit increase in each biomarker. Serum
calprotectin OR is expressed per 100 ng/mL increase. *Adjusted for age, sex, diabetes mellitus, hypertension, and

smoking status. CRP, C-reactive protein; CTI, CRP-triglyceride-glucose index.

4. Discussion

This study demonstrated a significant association between serum calprotectin, CRP, and CTI
and angiographic coronary complexity assessed by SS in patients with stable CAD. While these
biomarkers showed moderate but significant correlations with SS, CTI showed the strongest
independent association in multivariate analysis. Although ROC analysis showed statistically
significant discriminatory capacity, the observed AUC values remained moderate rather than
reflecting a strong distinction. Therefore, these biomarkers should be interpreted as auxiliary tools,
not independent tools, for anatomical risk stratification. Previous studies have shown that high CRP
levels are associated with adverse cardiovascular outcomes and increased atherosclerotic events.
Furthermore, several studies have shown that CRP plays a role as a marker of systemic inflammation
in CAD [8,9]. Our findings confirmed that CRP is not only associated with clinical outcomes but also
correlates with angiographic disease complexity. These proteins are particularly concentrated in
areas with inflammatory cell infiltration, and this increased expression has been shown to be
associated with intraplaque inflammation and tissue destruction. This suggests that calprotectin may
function as a biomarker in acute coronary syndrome [11]. This is consistent with the growing
evidence that calprotectin is associated with plaque fragility and adverse cardiovascular outcomes,
as shown in studies. Demir et al. reported that high serum calprotectin levels were independently
associated with impaired coronary collateral circulation in patients with stable CAD and suggested
a potential link between increased inflammatory activity and adverse coronary vascular remodeling
[12]. This observation suggests that calprotectin reflects more than just systemic inflammation. It may
also reflect localized inflammatory processes affecting coronary anatomy and microvascular
function. These mechanisms may explain the relationship between high serum calprotectin levels and
increased angiographic coronary complexity observed in our study. Serum calprotectin has been
consistently associated with adverse outcomes in various ischemic vascular conditions. High
calprotectin concentrations have been associated with higher disease severity and worse functional
outcomes in acute ischemic events, suggesting that this biomarker reflects an inflammatory response
contributing to tissue damage and poor prognosis [18]. In addition, higher serum calprotectin levels
have been observed in overweight individuals and those with impaired glucose metabolism, even
among healthy populations, suggesting that inflammatory activation may precede clinical signs of
CAD [19]. These data support the idea that calprotectin is a marker of prognostic significance in
multiple vascular regions. Our study demonstrated that serum calprotectin had a moderate ability to
distinguish between moderate and high SS; the AUC was 0.739 (95% CI: 0.653-0.825). It provided a
sensitivity of 54.1% and a remarkably high specificity of 94.5%, suggesting that high calprotectin
levels can identify patients with advanced coronary lesion complexity with high sensitivity. In their
cohort of 1,007 patients with acute coronary syndrome, Xiong et al. demonstrated that the TyG index

© 2026 by the author(s). Distributed under a Creative Commons CC BY license.


https://doi.org/10.20944/preprints202603.1437.v1
http://creativecommons.org/licenses/by/4.0/

Preprints.org (www.preprints.org) | NOT PEER-REVIEWED | Posted: 18 March 2026 d0i:10.20944/preprints202603.1437.v1

10 of 12

independently predicted intermediate-high coronary complexity defined as a SS >23. In that study,
a weak but significant positive correlation was observed between the TyG index and the SS (r =0.22,
p < 0.001), and the TyG index remained an independent predictor of intermediate-high SS in
multivariable logistic regression analysis (OR: 2.645, 95% CI: 1.902-3.679, p < 0.001), with an area
under the ROC curve of 0.631 (95% CI: 0.588-0.674) [20]. These findings suggest that metabolic
dysregulation plays a key role in the development of coronary lesion complexity. The CTI, an index
that integrates systemic inflammation and metabolic dysfunction with CRP also contributing to the
TyG index, showed a significant association with coronary lesion complexity in our study, consistent
with the study above. ROC analysis showed that CTI predicted intermediate-high SS with an AUC
of 0.722 (95% CI: 0.635-0.810), indicating a moderate discriminatory performance. The optimal cut-
off value of 9.56 yielded a high sensitivity of 90.2%, suggesting that CTI may be particularly useful
for identifying patients at increased anatomical risk. Furthermore, in multivariable logistic regression
analysis, CTI remained an independent predictor of intermediate-high SS, with each one-unit
increase associated with 4.66-fold higher odds of greater coronary complexity (95% CI: 2.00-10.84, p
< 0.001). CTI may provide complementary information beyond traditional metabolic markers in
identifying patients with more complex CAD. Recent evidence has further emphasized the role of
CTI as a marker of extensive coronary involvement. Machine learning-based analyses have
demonstrated that CTI is a strong predictor of multivessel disease and may outperform several
traditional cardiovascular risk factors in identifying advanced coronary pathology [21]. In line with
this evolving perspective, classical risk factors in our cohort did not show a significant association
with the SS. Consistent evidence from diverse cardiovascular populations, including patients with
heart failure [22], elderly individuals [23], and those undergoing percutaneous coronary intervention
further supports the prognostic value of indices integrating inflammation and insulin resistance [24].
These studies indicate that CRP-triglyceride—-glucose-based indices provide an integrated framework
linking metabolic dysfunction, inflammatory activity, angiographic coronary complexity, and
adverse cardiovascular outcomes. Furthermore, CTI incorporates CRP within its formula, which may
partially explain the similarity in predictive performance between these markers. This structural
relationship warrants careful statistical modeling in future studies to avoid collinearity and to clarify
the independent contribution of each biomarker. This study had some limitations. First, this study is
a small-sample size and is a single-center study. Second, the cross-sectional design hinders the
establishment of causal relationships; longitudinal and prospective studies are needed to clarify
whether serum calprotectin or CTI plays a direct role in the severity of coronary atherosclerosis.
Third, measurements were taken only once, and temporal changes in inflammatory or metabolic
status were not assessed. Fourth, confounding from unmeasured variables cannot be ignored. Data
regarding drug intensity, inflammatory comorbidities, and lifestyle factors was limited and may have
influenced biomarker levels.

5. Conclusions

This study demonstrated that serum calprotectin and CTI were significantly associated with
angiographic coronary lesion complexity, as assessed by SS, in patients with stable CAD. Both
biomarkers showed moderate but significant correlations with SS and demonstrated moderate
discriminative performance in identifying patients with moderate-to-high anatomical disease
burden. However, large-scale population studies are needed to understand further clinical benefits
of these parameters and to find area of clinical implications.
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Abbreviations

The following abbreviations are used in this manuscript:
AUC Area under the curve

BMI Body mass index
CAD Coronary artery disease

CI Confidence interval

CRP C-reactive protein

CTI C-reactive protein-triglyceride—glucose index
ELISA  Enzyme-linked immunosorbent assay

IOR Interquartile range

LVEF Left ventricular ejection fraction

OR Odds ratio

ROC Receiver operating characteristic

SS SYNTAX score

TyG Triglyceride-glucose index
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