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Abstract

Background: Cardiovascular (CV) risk estimation is usually based on the assessment of
classic risk factors and the extent of coronary artery stenosis. However, a substantial rate of
acute coronary syndromes (ACS) and sudden cardiac deaths (SCD) is observed in patients
with high-risk atherosclerotic plaques (HRP), even in the absence of significant stenosis.
Therefore, this study aimed to evaluate the predictive value of traditional clinical risk
factors for the presence of HRP in patients scheduled for coronary computed tomography
(CCT). Methods: This single-center study included 123 patients undergoing CCT for
suspected coronary artery disease (CAD). Atherosclerotic plaque morphology (HRP) and
the degree of coronary artery stenosis (CAD-RADS categories) were assessed in all the
patients. CV risk factors, including LDL serum levels and CT Calcium score (CS), were
analyzed. Results: The study cohort was mostly males (54.5%), with an average age of
60.40 £ 12.45 years and typical risk factors: hypertension (70%), diabetes (22%), obesity (30%),
and smoking (20%). Most patients (88%) were found to have coronary atherosclerosis with
nonobstructive disease (CAD-RADS 1-2) in 39% of patients. HRP was confirmed in over
one-fifth of the participants (22%), with half of the patients in the CAD-RADS 2 category.
There were no differences in CV risk factors between patients with and without HRP in CCT.
No significant clinical predictor of HRP in CCT was identified. Conclusions: CV risk factors
do not predict HRP in CCT, which may underestimate the real risk of ACS and SCD.

Keywords: CCT; HRP; CAD-RADS; cardiovascular risk stratification; CAD

1. Introduction

Cardiovascular diseases, including coronary artery disease, remain the leading cause
of death in developed countries [1]. Although cardiac diagnostics have relied primarily on
assessing the hemodynamic significance of stenoses, contemporary evidence indicates that
the development of acute coronary syndrome (ACS) is driven both by plaque instability
and the degree of vessel stenosis [2]. The sudden rupture of atherosclerotic plaque that
initiates the coagulation cascade results in acute thrombosis and a subsequent restriction
of coronary blood flow that forms the pathogenetic basis for ACS and sudden cardiac
death [3]. Furthermore, autopsy studies have revealed that most deaths due to ACS are
precipitated by the rupture of an atherosclerotic plaque that had not previously caused
significant vascular narrowing, underscoring the importance of plaque instability over
luminal narrowing [4,5].

Coronary computed tomography (CCT) has significantly advanced noninvasive coro-
nary artery disease diagnostics, currently serving as the first-line imaging modality in
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patients with suspected chronic coronary syndromes [6]. Beyond its strong negative pre-
dictive value for excluding significant stenoses, a major advantage of CCT is the ability to
simultaneously assess vessel architecture and atherosclerotic plaque morphology, including
the identification of high-risk plaques (HRP). The presence of these vulnerable plaques is
associated with a high risk of rupture and subsequent ACS. Typical CCT-derived features
of HRP include a low-attenuation, positive vessel remodeling, spotty calcifications, and the
“napkin-ring” sign [7,8].

In parallel with advances in cardiovascular imaging, artificial intelligence (Al) is
increasingly being explored as a supportive technology in healthcare. In medicine, Al-
based approaches have been applied across several domains, including medical image
segmentation, computer-aided diagnosis, disease risk prediction, workflow optimization,
and personalized treatment planning. In imaging-based diagnostics, Al may facilitate
automated lesion detection, quantitative image analysis, and extraction of clinically rel-
evant imaging biomarkers [9]. Although Al-based image analysis was not used in the
present study, these developments highlight the broader trend toward quantitative and
reproducible imaging-based risk assessment.

The clinical significance of HRP identification is profound, as it shifts the therapeutic
paradigm from merely treating coronary artery stenosis to actively preventing myocardial
infarction. Patients diagnosed with HRP face a disproportionately higher risk of major
adverse cardiovascular events (MACE) and require effective and timely pharmacological
interventions, including dual antiplatelet therapy or high-dose statins, even in the absence
of hemodynamically significant coronary artery stenosis [7,10].

While the impact of classic risk factors on the development of atherosclerosis is
well-evidenced [11], the relationship between these factors and the presence of a specific
unstable atherosclerotic plaque phenotype remains poorly understood, posing a significant
diagnostic and therapeutic challenge [12]. Despite the effectiveness of CCT in identifying
HRP, it cannot be routinely utilized as a population-wide screening test due to limitations
regarding ionizing radiation, contrast administration, and lack of widespread availability.
Therefore, a significant research gap exists: the absence of a readily available, rapid, and
precise method for identifying individuals harboring HRPs prior to resorting to advanced
imaging techniques [13]. It remains unclear why some individuals with typical risk factors
develop stable, calcified atherosclerotic plaques, while others with similar risk profiles
exhibit highly vulnerable plaque morphologies prone to precipitating ACS.

Therefore, this study aimed to assess the associations between clinical characteristics
and the presence of HRP in CCT.

2. Materials and Methods
2.1. Study Group

All consecutive patients scheduled for CCT at the Upper Silesian Medical Center in
Katowice were screened for eligibility (March 2025-May 2026), and finally, 125 patients
were included in the study group. These outpatients were suspected of having coronary
artery disease based on their symptoms and/or medical history. Two individuals were
subsequently excluded from the study due to imaging artifacts (n = 123).

The inclusion criteria included the age between 20 and 80 years and written informed
consent to participate in the study. The exclusion criteria were as follows: endocarditis,
myocarditis, pericarditis, or systemic vasculitis within the 6 months preceding the study;
stroke or transient ischemic attack within the 2 months prior to the study; acute or chronic
inflammatory conditions or autoimmune diseases; infectious diseases within the last month;
acute or chronic clinically significant kidney disease (estimated glomerular filtration rate
[eGFR] < 30 mL/min/1.73m?) or liver disease; thyroid dysfunction (hypo- or hyperthy-
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roidism); malignant neoplasms, lymphomas, or leukemias diagnosed and/or treated within
the 2 years prior to study enrollment; and a history of alcohol or illicit substance abuse
within 1 year prior to enrollment.

2.2. Data Collection

All clinical data, including comorbidities, clinical symptoms, their severity, and con-
comitant pharmacotherapy, were obtained from electronic medical records and standard-
ized patient interviews.

The CCT was performed using a third-generation dual-source CT scanner (Siemens
Somatom Force; Siemens Healthineers, Erlangen, Germany) in the high-volume cardiovas-
cular imaging center. The CCT scans and Calcium Score (CS) assessment were performed
according to the current guidelines [14,15]. The image acquisition of the coronary arteries
was obtained in 1.5- and 0.6-mm slice reconstructions, both before (calcium score protocol)
and after intravenous administration of the radiocontrast agent (Ultravist 370, Bayer AG,
Berlin, Germany). Sublingual nitroglycerin and intravenous metoprolol (if needed) were
used in all patients prior to the examination to achieve optimal conditions and image
quality. The CS was presented using Agatston Units (AU). The CAD-RADS classification
and plaque morphology assessment were performed according to current CAD Reporting
and Data System guidelines [16]. HRP was defined according to CAD-RADS 2.0 as the
presence of at least two high-risk plaque features within a coronary atherosclerotic plaque.
The assessed HRP features included low-attenuation plaque, positive remodeling, spotty
calcification, and the napkin-ring sign.

Routine laboratory tests assessing the lipid profile, peripheral blood count, fasting
blood glucose, and creatinine levels were performed within a month prior to the CCTA
examination in all patients.

2.3. Statistical Analysis

The Shapiro-Wilk test was used to assess the normality of data distribution. Con-
tinuous variables were compared using the Student’s t-test or the nonparametric Mann—
Whitney U-test, depending on the distribution. Categorical variables were compared using
the Chi-square test or Fisher’s exact test, as appropriate. The Pearson correlation coefficient
and the nonparametric Spearman’s rank correlation coefficient were used to determine rela-
tionships between continuous variables. Furthermore, univariate and multivariate logistic
regression models were employed to identify independent predictors of HRP. Receiver oper-
ating characteristic (ROC) analysis and the area under the curve (AUC) were calculated to as-
sess the diagnostic performance of the investigated continuous parameters. A p-value < 0.05
was considered statistically significant. All analyses were performed using Medcalc soft-
ware (version 23.5, Ostend, Belgium). Sex-stratified comparisons of lipid parameters were
performed post hoc as exploratory analyses. These analyses were not prespecified as
primary study objectives and were, therefore, considered hypothesis-generating. Due to
the limited sample size, the results were interpreted with caution.

3. Results
3.1. Baseline Characteristics

A total of 123 patients with CCT due to suspected CAD were finally included in the
study group. The study cohort comprised mostly males (54.5%) with an average age of

60.40 £ 12.45 years and cardiovascular risk factors as follows: hypertension (70%), diabetes
(22%), obesity (30%), and smoking (20%) (Table 1).
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Table 1. Clinical characteristics of the study group.
Parameter Mean + SD, Median [IQR], or n (%)
Age (years) 62.00 [52.50-70.00]
Sex (Male) 67 (54.5%)
BMI (kg/m?) 28.17 + 4.76
Hypertension 84 (70.0%)
Obesity 37 (30%)
Diabetes mellitus 27 (22.5%)
Active smoking 24 (19.8%)
LDL (mg/dL) 89.00 [64.00-141.00]
HDL (mg/dL) 49.00 [40.00-62.00]
TG (mg/dL) 111.00 [80.00-154.00]

Data are presented as mean = standard deviation (SD) for continuous variables with a normal distribution (BMI)
or median [interquartile range, IQR] for continuous variables with a nonnormal distribution (Age, LDL, HDL, and
TG), and as number (percentage) for categorical variables. BMI: Body Mass Index; LDL: Low-Density Lipoprotein;
HDL: High-Density Lipoprotein; TG: Triglycerides.

3.2. Coronary Artery Disease and High-Risk Atherosclerotic Plaques

The severity of coronary artery disease was assessed in all the study patients. In the
study group, 12.0% of patients had coronary arteries without atherosclerotic plaques (CAD-
RADS 0), 39.3% had nonobstructive disease (CAD-RADS 1-2), 23.9% exhibited moderate
stenosis (CAD-RADS 3), and 24.8% presented with a severe stenosis or total occlusion
(CAD-RADS 4-5).

High-risk atherosclerotic plaques (HRP) were identified in 27 individuals, representing
22% of the study population. In the HRP (+) subgroup (n = 27), there were 16 males (59%),
the prevalence of diabetes was 22%, and 26% of patients were smokers. The mean BMIin the
HRP (+) cohort was 29.6 = 4.6 kg/ m?. The mean CS in the HRP (+) group was 188 + 244 AU,
compared with 239 £+ 515 AU in the HRP (—) group, which did not reach statistical
significance (p = 0.2). Both subgroups usually showed a few coronary plaques; half of
the patients had at least one coronary stenosis (>50%), and one third showed a one-vessel
disease. However, there were no differences between the HRP (+) and HRP (—) groups
in clinical characteristics, lipid profile, fasting glucose, CAD parameters, or HRP-related
pharmacotherapy (Table 2).

Table 2. Comparison of clinical and coronary artery disease characteristics in patients with and
without high-risk plaque (HRP).

Parameter HRP (=) (n=96) HRP (+) (n =27) p-Value
Demographics & Anthropometrics
Age (years) 59.8 £13 62.7 £10.3 0.31
Male sex, n (%) 51 (53.1%) 16 (59.3%) 0.73
BMI (kg/m?) 27.8 +4.7 29.6 +4.6 0.12
Comorbidities & Clinical Presentation

Current smoking, n (%) 17 (17.7%) 7 (28.0%) 0.39
Diabetes mellitus, n (%) 21 (21.9%) 7(25.9%) 0.96
Hypertension, n (%) 67 (69.8%) 17 (70.8%) 1.0
NYHA class > I, n (%) 21 (21.9%) 10 (37%) 0.18
CCS class > I, n (%) 23 (24%) 9 (33.3%) 0.46
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Table 2. Cont.
Parameter HRP (-) (n=96) HRP (+) (n=27) p-Value
Laboratory Findings
Total Cholesterol (mg/dL) 189.2 + 97.6 185.8 + 65.8 0.65
LDL Cholesterol (mg/dL) 114.0 + 84.2 113.7 + 60.2 0.6
HDL Cholesterol (mg/dL) 534 £ 169 522 +253 0.23
Triglycerides (mg/dL) 128.4 1+ 82 124.3 £+ 54.1 0.76
Fasting glucose (mg/dL) 113.3 £ 38.6 109.6 = 16.3 0.63
Coronary Artery Disease
Calcium Score (Agatston units) 254.4 + 573.7 188.1 + 244 0.21
Number of plaques 39435 47 +£27 0.08
Stenosis > 50% 48 (50%) 12 (44.4%) 0.77
Stenosis > 70% 25 (26.0%) 4 (14.81%) 0.27
Stenosis in 1 coronary artery 26 (27.08%) 9 (33.33%)
Stenosis in 2 coronary arteries 16 (16.67%) 2 (7.41%) 0.58
Stenosis in 3 coronary arteries 6 (6.25%) 1 (3.70%)
Pharmacotherapy
Statin therapy (any dose), n (%) 65 (67.7%) 13 (48.1%) 0.10
Ezetimibe therapy, n (%) 27 (28.1%) 5 (18.5%) 0.45
Antiplatelet therapy (ASA), n (%) 30 (31.2%) 9 (33.3%) 1.0

Data are presented as mean =+ standard deviation (SD) for continuous variables and as number (percentage) for
categorical variables. Statistical significance between the HRP (—) and HRP (+) groups was assessed using the
Mann-Whitney U-test for continuous data and the Chi-square test (or Fisher’s exact test, as appropriate) for cate-
gorical variables. A p-value of <0.05 was considered statistically significant. “Stenosis > 50%"” and “Stenosis > 70%"
indicate the number of patients with at least one coronary artery stenosis exceeding the respective threshold.
“Stenosis in 1, 2, or 3 coronary arteries” indicates the number of patients with >50% stenosis involving one,
two, or three coronary arteries, respectively. HRP: High-Risk Plaque; BMI: Body Mass Index; NYHA: New York
Heart Association; CCS: Canadian Cardiovascular Society; LDL: Low-Density Lipoprotein; HDL: High-Density
Lipoprotein; ASA: Acetylsalicylic Acid.

Based on CT findings, most HRP (+) patients (55.6%) were classified as CAD-RADS 2,
while the remaining individuals in this subgroup were found to have the following CAD-
RADS categories: 3 (29.6%), 4 (7.4%), or 5 (7.4%). Figure 1 presents the rates of HRP, seX,
mean age, and mean LDL concentrations across the CAD-RADS categories. The highest
rate of patients with HRP was in the CAD-RADS 2 group (mostly females), with a mean
age of 62.4 £ 5 years and a mean LDL of 95.9 mg/dL. Notably, the highest LDL levels
were observed in the lower CAD-RADS categories, likely reflecting a lack of prior intensive
lipid-lowering therapy in these patients (Table 2).

There was no difference in the presence of HRP between males and females (23.9% vs.
19.6%, p = 0.66). In a post hoc exploratory, hypothesis generating sex-stratified analysis of
lipid parameters, women showed higher HDL cholesterol (59.2 + 17.9 vs. 48.2 + 18.2 mg/dL;
p = 0.006), LDL cholesterol (135.6 £ 100.1 vs. 96.8 &+ 53.8 mg/dL; p = 0.02), and total
cholesterol (212.17 £ 111.5 vs. 169.43 & 67.1 mg/dL; p = 0.025), whereas triglyceride levels
were higher in men than in women (144.4 £ 92.7 vs. 107.9 & 46.8 mg/dL; p = 0.02). Because
this analysis was not prespecified and the number of patients within each sex stratum
was limited, these findings should be interpreted with caution and considered hypothesis
generating only.
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Figure 1. Receiver operating characteristic (ROC) curves for age, body mass index (BMI), and LDL
cholesterol predicting the occurrence of high-risk atherosclerotic plaque (HRP).

3.3. Association Analysis and Prediction Models

A comprehensive analysis of potential risk factors associated with HRP was performed.
Pearson correlation analysis revealed a significant positive association between the number
of atherosclerotic plaques and age (r = 0.5; p < 0.0001) or CS (r = 0.5; p < 0.0001). As expected,
the number of coronary plaques was associated with CS (r = 0.74, p < 0.0001). None of
the parameters showed a statistically significant association with the HRP, including age
(p =0.3), BMI (p = 0.13) and the number of plaques (p = 0.28). Furthermore, a multivariate
model with age, LDL, BMI, and HDL failed to achieve statistical significance (p = 0.8) for
HRP plaques.

ROC curve analysis confirmed that the studied parameters had poor discriminatory
performance and lacked acceptable clinical predictive value for HRP, with areas under
the curve (AUC) of 0.56 for age, 0.62 for BMI, and 0.54 for LDL cholesterol, all close to
chance-level discrimination (Figure 1).

The detailed diagnostic performance of these parameters is summarized in Table 3.
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HRP Presence (%)

Mean Age (years)

Male Sex (%)

Mean LDL (mg/dL)

Table 3. Diagnostic performance of selected clinical parameters in predicting the presence of High-
Risk Plaque (HRP).

Parameter Sensitivity (%) Specificity (%) PPV (%) NPV (%)
Age 51.9 62.5 28.0 82.2
BMI 65.0 63.8 34.2 86.3
LDL 52.6 64.9 27.08 84.2

Positive Predictive Value (PPV), Negative Predictive Value (NPV), Body Mass Index (BMI), Low-Density Lipopro-
tein (LDL).

A post-hoc power analysis demonstrated that, for correlation analyses performed in
the whole cohort (N = 123), the study achieved a statistical power of over 85% to detect
a moderate correlation coefficient of r = 0.30 at = 0.05. Therefore, the correlation analyses
were adequately powered to detect moderate associations. However, the HRP (+) subgroup
included only 27 patients and was markedly smaller than the HRP (—) subgroup (27 vs. 96).
Consequently, between-group comparisons and ROC curve analyses were underpowered
to detect small-to-moderate effects.

The distribution of selected clinical and laboratory parameters across CAD-RADS
categories was assessed (Figure 2).

Selected Clinical Parameters Across CAD-RADS Categories

2 3 4A 4B 5
CAD-RADS Category

Figure 2. Heatmap demonstrating the distribution of selected clinical and laboratory parameters
across CAD-RADS categories. To account for the varying units of measurement, color intensity was
normalized row-wise. The darkest shade in each row represents the highest mean value or percentage
for that specific parameter across the CAD-RADS spectrum.

3.4. Pharmacotherapy

Finally, the study evaluated the association of concomitant pharmacotherapy, specifi-
cally focusing on antiplatelet agents and hypolipidemic drugs (statins and ezetimibe). The
rates of ezetimibe (p = 0.45) and antiplatelet (p = 1.0) use were not significantly different
between the HRP (+) and (—) groups. However, a weak negative association between
statin dose and the presence of HRP was observed, which revealed a trend for statistical
significance (r = —0.16, p = 0.07).
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4. Discussion

Our single-center study performed in the reference cardiovascular center provides
novel results important for clinical practice. The main finding was that more than one-fifth
of the patients scheduled for CCTA due to suspected CAD were found to have HRP within
the coronary arteries. However, we found that clinical characteristics are not associated
with HRP, suggesting an independent and added value of CCT.

The clinical significance of HRP is very important for cardiovascular risk and clinical
prognosis. It is well-evidenced that HRPs are prone to spontaneous rupture, which triggers
the initiation of the coagulation cascade, leading to acute thrombosis, ACS and sudden
cardiac death (SCD) [17,18]. We showed that none of the cardiovascular risk factors,
including age, sex and LDL serum levels, or CT CS, were associated with HRP. Moreover,
age, BMI, and LDL serum levels showed very poor discriminatory ability for HRP, with
AUC values close to chance, indicating that these variables cannot be considered clinically
useful standalone predictors of HRP. The above results suggest that cardiovascular risk
is underestimated in more than one-fifth of the cardiovascular outpatients. Previous
studies have also shown that laboratory markers and traditional risk factors are weakly
associated with coronary artery disease in CCT [18,19]. However, the research evidence
and clinical value for HRP have increased recently. Moreover, the development of CCT
scanners has significantly improved the quality of images, which are essential for HRP
images. Therefore, we present novel results, which are based on a modern CT scanner with
high-quality images.

In our cohort, neither an apparently acceptable lipid profile nor the absence of ad-
vanced CAD excluded HRP, as over half of HRP (+) individuals were classified as CAD-
RADS 2. Therefore, qualitative plaque assessment may complement stenosis-based evalua-
tion and conventional risk-factor assessment.

The clinical importance of HRP identification has been well-evidenced in large clinical
trials, including PROMISE and SCOT-HEART [10,19]. The presence of HRP was shown
to be a stronger predictor of future cardiovascular events compared to the assessment of
the degree of coronary stenosis alone [7,8,19]. Our results support these observations, as
a significant proportion of patients with HRP were diagnosed with atherosclerotic plaques,
which were not associated with significant stenosis (CAD-RADS 2). This presents a signifi-
cant diagnostic challenge, as the high-risk patient remains hidden behind a stable clinical
picture. Although classic risk factors such as diabetes, smoking, and hypertension are very
important for the long-term development of atherosclerosis and coronary heart disease, our
data confirm that they are not sufficient to identify patients at the highest risk for plaque rup-
ture. Several studies have been conducted to develop a model for predicting the presence
of HRP based on blood biomarkers and clinical findings, but none of them was sensitive
enough to replace CCT [20,21]. At the invasive level, optical coherence tomography (OCT)
represents a complementary tool for plaque characterization, providing high-resolution
assessment of plaque morphology and mechanisms of plaque destabilization [22]. How-
ever, because OCT is an invasive technique, it should be considered complementary to,
rather than a substitute for, noninvasive CCT-based risk stratification. While trials using
high-sensitivity CRP (hs-CRP) and lipid subfractions have shown their associations with
the presence of HRP, the feasibility of their routine use is low, mainly due to a lack of
specificity and the inability to distinguish systemic from local inflammation [23]. We found
very low predictive values for age, LDL serum levels and BMI, which suggest that even
strong traditional risk factors do not rule out HRP in CCT. It suggests that morphological
transformation of a stable plaque into a high-risk phenotype is a complex phenomenon that
cannot be detected with standard laboratory tests. This finding strengthens the position of
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CCT not only as a secondary diagnostic tool but also as an independent modality capable
of providing incremental prognostic value that goes beyond classical risk stratification.

In our study, the distribution of LDL levels among CAD-RADS categories was par-
ticularly noteworthy. Paradoxically, patients in the lower categories (CAD-RADS 0-1)
demonstrated higher mean LDL concentrations compared to patients with more advanced
CAD. This phenomenon is explained in our cohort by the fact that patients with traditional
risk factors and earlier cardiological screening in outpatients usually receive earlier and
more intensive hypolipidemic therapy with statins. Given that hypercholesterolemia is
a well-known CV risk factor with a very low LDL target level [11,24], the great majority of
patients scheduled for CCT use statins. This lack of native and off-medicine LDL serum
levels makes the clinical characteristic even more complicated in clinical practice. However,
hypercholesterolemia, including Familial Hypercholesterolemia, is a well-known risk factor
for noncalcified atherosclerotic plaques [25]. On the other hand, in patients with early-stage
atherosclerosis, drug therapy may not have been initiated yet, leading to higher LDL levels
despite lower degrees of stenosis. This may partly explain why single-time-point LDL
concentrations showed limited predictive value for HRP in the present cohort.

Our analysis of pharmacotherapy deliberately focused on ASA and hypolipidemic
treatment, as ASA and statins are the main drug classes with a well-evidenced effect on HRP.
The PARADIGM clinical study clearly demonstrated that statin therapy promotes plaque
stabilization by significantly reducing low-attenuation plaque volume and increasing its
calcification [26,27]. In the present cohort, statin therapy was less frequent in the HRP(+)
group than in the HRP(—) group (48.1% vs. 67.7%), although this difference did not
reach statistical significance. This trend may be clinically relevant, as the absence of
statin therapy or insufficient statin intensity could contribute to persistence of a lipid-rich,
noncalcified, and potentially vulnerable plaque phenotype. Therefore, HRP presence
may be influenced not only by LDL concentration measured at the time of CCT but
also by previous exposure to lipid-lowering therapy, treatment duration, adherence, and
statin dose intensity. This is particularly important because single-time-point LDL values
may not fully reflect cumulative atherogenic exposure or the stabilizing effect of long-
term pharmacotherapy. Furthermore, ASA is crucial in preventing atherothrombotic
events following HRP rupture. Therefore, the association between the use of these drugs
and the presence of HRP was considered [28,29]. More broadly, our findings should be
interpreted within the evolving framework of multimodality imaging in cardiovascular
prevention. A recent comprehensive review emphasized that imaging modalities, including
coronary artery calcium scoring, echocardiography, CCTA, cardiac magnetic resonance,
and emerging imaging-derived markers, may complement traditional risk stratification in
both primary and secondary prevention. In this context, CCT-based plaque morphology
assessment may provide additional information beyond stenosis severity and conventional
cardiovascular risk factors [30].

Our study has some limitations. First, the relatively small sample size (n = 123), which
may have limited the identification of small associations between clinical data and the
presence of HRP. This limitation is particularly important for analyses comparing HRP
(+) and nHRP (—) patients, because the HRP (+) subgroup included only 27 individuals
and was substantially smaller than the HRP (—) subgroup. No a priori power calculation
was performed before study initiation. Although the post-hoc power analysis indicated
adequate power to detect moderate correlations in the whole cohort, subgroup comparisons
and ROC curve analyses were underpowered to detect small-to-moderate effects. Therefore,
null findings from these analyses should be interpreted cautiously and cannot exclude
weaker associations between clinical variables and HRP. Second, the sex-stratified lipid
analysis was performed post-hoc and was not pre-specified; therefore, given the limited
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sample size within each sex stratum, these findings should be considered exploratory
and hypothesis-generating only. Furthermore, this was a cross-sectional study without
long-term follow-up to assess a link between HRP and clinical events. Third, this was
a cross-sectional study in patients with various pharmacotherapies, which could also affect
coronary plaque morphology. However, this was a study of cardiovascular patients in
a real-life setting.

In summary, our study indicates that patient clinical profiles and routine laboratory
markers have limited ability to predict the presence of HRP in CCT. Similarly, stenosis
severity assessed by CAD-RADS did not reliably reflect plaque vulnerability. Therefore,
plaque morphology assessment may provide additional information for cardiovascular risk
stratification and personalized preventive pharmacotherapy. Further studies should focus
on the development of novel CT scanners fit for early screening and new drug molecules
aimed at stabilizing atherosclerotic plaques.

5. Conclusions

High-risk plaques (HRP) were detected in more than one-fifth of patients (21.95%)
referred for CCTA due to suspected coronary artery disease.

Traditional risk factors and routine laboratory tests demonstrated a low predictive value
and do not allow for the reliable identification of patients with HRP in coronary vessels.

Most patients with HRP fell into the CAD-RADS 2 category; therefore, assessing risk
solely based on the degree of vascular stenosis leads to an underestimation of cardiovascular
risk in patients with a stable clinical picture.

The qualitative assessment of atherosclerotic plaque morphology using CCTA serves as
an independent diagnostic tool that goes beyond traditional cardiovascular risk assessment
methods. This is crucial for implementing early, personalized preventive pharmacotherapy.
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Abbreviations

The following abbreviations are used in this manuscript:

ACS Acute Coronary Syndrome
Al artificial intelligence
ASA Acetylsalicylic Acid
AUC Area Under the Curve
BMI Body Mass Index
CAD Coronary Artery Disease
CAD-RADS  Coronary Artery Disease Reporting and Data System
CCTA Coronary Computed Tomography Angiography
CS Calcium Score
CT Computed Tomography
HDL High-Density Lipoprotein
HRP High-Risk Plaque
hs-CRP High-Sensitivity C-Reactive Protein
IQR Interquartile Range
LDL Low-Density Lipoprotein
MACE Major Adverse Cardiovascular Events
NPV Negative Predictive Value
NYHA New York Heart Association
PPV Positive Predictive Value
ROC Receiver Operating Characteristic
SCD Sudden Cardiac Death
SD Standard Deviation
TG Triglycerides
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