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(stenosis ≥ 50%) and the ability of ARC markers to predict 
obstructive CAD was assessed.
Results ARCS (mean 67.7 ± 189.5) and ARCV (mean 
67.3 ± 184.7) showed significant differences between 
patients with and without CAC (109.4 ± 238.6 vs 
9.42 ± 31.4, p < 0.0001; 108.5 ± 232.4 vs 9.9 ± 30.5, 
p < 0.0001). A strong correlation was found for ARCS and 
ARCV with CACS, CACM, and CACV (all p < 0.0001). In 
a multivariate analysis, ARCS (OR 1.09, p = 0.033) and 
ARCV (OR 1.12, p = 0.046) were independent markers 
for CAC. Using a receiver-operating characteristics analy-
sis, the AUC to detect severe CAC was 0.71 (p < 0.0001) 
and 0.71 (p < 0.0001) for ARCS and ARCV, respectively. 
ARCS (0.67, p < 0.0001) and ARCV (0.68, p < 0.0001) 
showed discriminatory power for predicting obstructive 
CAD, yielding sensitivities 61 and 78% and specificities of 
62 and 80%, respectively.
Conclusion ARC markers are associated with and inde-
pendently predict the presence of CAC and obstructive 
CAD. Further testing is required in patients with severe 
ARC and significant CAD in order to reliably obtain 
these markers from thoracic-CT or X-ray for proper risk 
classification.
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ARC  Aortic root calcification
ARCS  Aortic root calcification score
ARCV  Aortic root calcification volume
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CACS  Coronary artery calcium score
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Abstract 
Objective To evaluate the correlation between aortic root 
calcification (ARC) markers and coronary artery calcifica-
tion (CAC) derived from coronary artery calcium scoring 
(CACS) and their ability to predict obstructive coronary 
artery disease (CAD).
Methods We retrospectively analyzed 189 patients (47% 
male, age 60.3 ± 11.1 years) with an intermediate probabil-
ity of CAD who underwent clinically indicated CACS and 
coronary CT angiography (CCTA). ARC markers [aortic 
root calcium score (ARCS) and volume (ARCV)] were cal-
culated and compared to CAC markers: coronary artery cal-
cium score (CACS), volume (CACV), and mass (CACM). 
CCTA datasets were visually evaluated for significant CAD 
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CACV  Coronary artery calcium volume
CAD  Coronary artery disease
CCTA  Coronary computed tomographic angiography
CI  Confidence interval
DSCT  Dual-source CT
LAD  Left anterior descending
LCX  Left circumflex
LM  Left main
NPV  Negative predictive value
PPV  Positive predictive value
RCA  Right coronary artery
SD  Standard deviation

Introduction

Coronary artery calcification (CAC) can be assessed dur-
ing routine coronary computed tomographic angiogra-
phy (CCTA) using non-enhanced calcium scans. Typi-
cally, CAC is calculated as the Agatston calcium score [1]. 
Recently, a significant amount of evidence has highlighted 
the prognostic value of coronary artery calcium and its 
importance as an independent marker of obstructive coro-
nary artery disease (CAD) and cardiac risk stratification for 
assessing mortality and morbidity in patients with athero-
sclerosis [2–4].

Recent studies have shown that calcification of the aortic 
and mitral valve, aortic arch, and thoracic aorta shares risk 
factors with CAD, and is strongly associated with increased 
cardiovascular risk and coronary plaque burden [5–8]. For 
patients undergoing transcatheter aortic valve replacement, 
CT imaging of the aortic root is used for preoperative pro-
cedural planning [9–11].

Few studies have specifically evaluated the role of aor-
tic root calcification (ARC) as a predictor of CAC and 
obstructive CAD. Previous studies evaluating the asso-
ciation between aortic calcification, CAC, and CAD also 
included mitral annular or mitral valve calcification, aor-
tic valve calcification, or patients with known CAD [12, 
13]. The relationship between ARC markers quantified as 
calcium and volume score, and CAC assessed with cal-
cium, volume, and mass scores has not been evaluated in 
a population with an intermediate pre-test probability for 
CAD. Furthermore, the ability of ARC markers to predict 
obstructive CAD has not been sufficiently investigated to 
date.

Thus, we sought to evaluate the association between 
ARC markers and the presence of CAC and to investigate 
their discriminatory power for predicting obstructive CAD 
as defined by coronary CT angiography.

Materials and methods

Study population

The research study protocols were approved by the institu-
tional review board with a waiver of informed consent due 
to the retrospective nature of this investigation. The study 
was performed in compliance with HIPAA practices.

We retrospectively analyzed data of patients with inter-
mediate pre-test probability of CAD who underwent clini-
cally indicated non-enhanced coronary calcium scans and 
CCTA assessing the possibility of CAD between June 2012 
and May 2014. Indications for cardiac CT included abnor-
mal exercise or nuclear stress test results, chest pain, and/or 
routine follow-up. The patient’s Framingham risk score was 
calculated to reflect clinical risk for cardiovascular events. 
Patients were excluded if they had a history of known CAD, 
heart, or valve surgery (valve replacement/repair, coronary 
artery bypass grafting, or aortic surgery), aortic disease, or 
cardiac valve disease, including valve calcification. Further-
more, CCTA datasets with non-diagnostic image quality 
were excluded. We identified 189 eligible patients who were 
enrolled in this study. Covariates and patient baseline char-
acteristics were obtained from medical records.

CT acquisition parameters

All CCTA examinations were performed using either a 
first- or second-generation dual-source CT (DSCT) system 
(Somatom Definition or Somatom Definition Flash, Siemens 
Healthcare, Forchheim, Germany). All patients underwent 
an initial non-contrast-enhanced calcium scoring scan (col-
limation, 32 × 1.2 mm; 120 kV tube voltage; tube current, 
75 mA; 3 mm slice thickness with 1.5 mm increment). For the 
subsequent contrast-enhanced CCTA, scan parameters were 
as follows: a retrospectively ECG-gated protocol for the 1st 
generation DSCT scanner and a prospectively ECG-triggered 
sequential scan protocol with a padding window for the 2nd 
generation DSCT scanner; tube voltage of 100–120 kV, tube 
current of 320–412 mA, temporal resolution of 83 or 75 ms, 
and 2 × 32 × 0.6 mm or 2 × 64 × 0.6 mm collimation with 
z-flying focal spot. Contrast enhancement was achieved by 
injecting 50–80 mL of iopromide (Ultravist 370 mg I/mL, 
Bayer, Wayne, NJ) at 4–6 mL/s followed by a 30 mL saline 
bolus chaser. Beta blockers and nitroglycerin were used at the 
discretion of the attending physician. Weighted filtered back 
projection image reconstruction was performed in the cardiac 
phase with the least motion using the following parameters: 
section thickness of 0.75 mm, reconstruction increment of 
0.5 mm, and a smooth convolution kernel (B26f).
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Analysis of CCTA data and CAC markers

All datasets were transferred to a post-processing worksta-
tion (syngo.via VA30, Siemens, Forchheim, Germany) for 
further analysis performed with dedicated software (syngo.
via VB10 Calcium Scoring, Siemens). Transverse sections 
and automatically generated curved multiplanar reforma-
tions were available for assessment. Using CCTA acquisi-
tions, coronary artery stenosis was visually determined as 
either non-significant (<50% luminal narrowing) or signifi-
cant (≥50% luminal narrowing) [14]. An area >1 mm2 with 
an attenuation threshold >130 Hounsfield units (HU) was 
considered to be calcified plaque [15]. The extent of CAC 
was quantified semi-automatically on non-contrast scans 
with the following markers: calcium mass (CACM), vol-
ume (CACV), and calcium score (CACS). Calcium scores 
according to the Agatston method were used to grade CAC: 
1 = minimal (0–10), 2 = mild (10–100), 3 = moderate 
(100–400), or 4 = severe (>400) [14].

Analysis of ARC markers

ARC evaluation was performed with the same software 
and acquisition protocol used for the CAC analysis. The 
aortic root was defined as the region of the ascending aorta 
between the aortic annulus and the sinotubular junction, 
including the aortic sinuses. Calcifications of aortic valve 
leaflets were not included in the ARC evaluation. ARC 
markers were quantified as aortic root calcification score 
(ARCS) and volume (ARCV). Consistent with CAC, any 
area >1 mm2 showing an attenuation >130 Hounsfield units 
(HU) was considered to be a calcified lesion. The degree of 
ARC was graded according to the CAC measurement.

All examinations were evaluated independently by two 
observers, each with more than 3 years of experience in 
cardiovascular imaging. The observers were blinded to 
patient characteristics as well as the imaging report. All 
discordant cases were resolved by a consensus reading.

Statistical analysis

MedCalc (MedCalc Software, version 15, Ostend, Bel-
gium) was used for all statistical analyses. Continuous vari-
ables were presented as mean ± standard deviation or as 
median with interquartile range when not normally distrib-
uted. Student t test and Mann–Whitney U test were used 
for parametric or non-parametric data. Normal distribution 
was assessed using the Kolmogorov–Smirnov test. In addi-
tion, Pearson’s correlation coefficient was used to analyze 
the correlation between ARC markers and CAC markers. A 
multivariate logistic regression analysis was performed to 
calculate odds ratios (ORs) with a corresponding 95% con-
fidence interval (CI) to detect independent markers of CAC. 

Variables that were significant in a univariate analysis were 
entered into this multivariate logistical regression model. 
Receiver-operating characteristics (ROC) curve analysis 
was used to evaluate ARC markers’ ability to detect CAC 
and obstructive CAD. In order to determine discriminatory 
power, an area under the ROC curve (AUC) was meas-
ured according to the DeLong method [16]. Sensitivity and 
specificity were derived from ROC curve analysis and pre-
sented with a 95% confidence interval. For the analysis of 
inter-rater agreement, Cohen ĸ analysis was used. k values 
greater than 0.81, 0.61–0.80, 0.41–0.60, 0.21–0.40, and 
less than 0.20 were defined as excellent, good, moderate, 
fair, and poor tests, respectively [17]. Statistical signifi-
cance was assumed with a p value of ≤0.05.

Results

Study population

Of the 256 patients initially identified for the study, 67 were 
excluded due to previous percutaneous stent implantation 
(n = 34), coronary artery bypass grafting (n = 7), aortic 
valve replacement (n = 6), mitral valve repair/replacement 
(n = 8), and non-diagnostic image quality (n = 12). The 
remaining 189 patients (47% male, age 60.3 ± 11.1 years) 
were included. Patient demographics and baseline charac-
teristics are presented in Tables 1 and 2.

CCTA analysis and association of ARC markers 
and CAC markers

Patients with ARC (n = 74) had a significantly higher 
presence of CAC compared to patients without ARC 
(n = 115) (CAC 78.4% vs 43.5%, p = 0.002). Further-
more, patients with ARC showed significantly more 
obstructive CAD (58.2%) compared to patients without 
ARC (20.5%, p = 0.016). Mean CACS was 208.9 ± 546.7, 
and patients with ARC (368.6 ± 708.4) displayed signifi-
cantly higher scores when compared to patients without 
ARC (106.1 ± 379.9, p = 0.043). Additionally, CACM 
(mean 33.3 ± 96.3) and CACV (mean 171.8 ± 419.3) 
showed relevant differences between patients with and 
without ARC (56.7 ± 122.9 vs. 20.0 ± 74.7, p = 0.040 and 
293.3 ± 530.2 vs. 92.2 ± 304.3, p = 0.041, respectively) 
(Table 1).

Mean ARCS was 67.7 ± 189.5 with significant differ-
ences between patients with CAC (109.4 ± 238.6) and 
patients without CAC (9.42 ± 31.4, p < 0.0001). Simi-
lar results regarding ARCV (mean 67.3 ± 184.7) showed 
significant differences between patients with CAC 
(108.5 ± 232.4) and patients lacking CAC (9.9 ± 30.5, 
p < 0.0001) (Table 2).
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Patients with mild to moderate CAC demonstrated lower 
ARCS (mean 36.6 ± 109.1) and ARCV (mean 34.9 ± 93.2) 
compared to patients with severe CAC (251.7 ± 378.2 and 
259.4 ± 382.4, p = 0.002 and p = 0.001) (Table 3). Excel-
lent inter-rater agreement was found between the observers 
K = 0.94 (95%CI 0.89–0.97). Representative examples of 
ARC and CAC are shown in Figs. 1 and 2.

Pearson’s correlation coefficients for ARCS with CAC 
markers were as follows: CACS, r = 0.53 (p < 0.0001), 
CACM, r = 0.48 (p < 0.0001), and CACV, r = 0.52 
(p < 0.0001). Correlation coefficients between ARCV 

and the CAC markers were as follows: CACS, r = 0.48 
(p < 0.0001), CACM, r = 0.43 (p < 0.0001), and CACV, 
r = 0.48 (p < 0.0001). Likewise, ARCS and ARCV showed 
good correlation with CACS and CACV for individual 
coronary arteries. Correlation coefficients for ARCS with 
CACS for LM, LAD, LCX, and RCA were: r = 0.34, 
r = 0.47, r = 0.38, and r = 0.32 (all p < 0.0001), respec-
tively. Coefficients for ARCV with CACV for LM, LAD, 
LCX, and RCA were: r = 0.53, r = 0.41, r = 0.37, and 
r = 0.31 (all p < 0.0001), respectively. ARCS and ARCV 
showed good correlation with the number of obstructive 

Table 1  Comparisons between patients with and without aortic root calcification

Data presented as mean ± standard deviation or numbers in parentheses (%)

CACS coronary artery calcium score, CACM coronary artery calcium mass, CACV  coronary artery calcium volume

Parameter All patients
(n = 189)

Patients with ARC 
(n = 74)

Patients without ARC 
(n = 115)

p value

Age (years) 60.3 ± 11.1 65.6 ± 9.3 56.9 ± 10.9 0.003

Male sex n (%) 88 (47%) 34 (46%) 54 (47%) 0.892

Body mass index (kg/m2) 31.4 ± 7.5 31.2 ± 7.2 31.5 ± 7.6 0.466

Hypertension n (%) 70 (37%) 31 (42%) 39 (34%) 0.268

Diabetes n (%) 34 (18%) 13 (18%) 21 (18%) 0.904

Dyslipidemia n (%) 54 (29%) 26 (35%) 28 (24%) 0.109

Tobacco abuse n (%) 71 (38%) 31 (42%) 40 (35%) 0.325

CAD family history 42 (22%) 23 (31%) 19 (17%) 0.264

Framingham risk score 17.5 ± 10.7 17.7 ± 10.6 17.3 ± 11.2 0.791

CACS 208.9 ± 546.7 368.6 ± 708.4 106.1 ± 379.9 0.043

CACM (mg) 33.3 ± 96.3 56.7 ± 122.9 20.0 ± 74.7 0.040

CACV (mm3) 171.8 ± 419.3 293.3 ± 530.2 92.2 ± 304.3 0.041

CAC > 0 n (%) 108 (57%) 57 (53%) 51 (47%)

CACS of patients with CAC > 0 368.8 ± 659.2 430.4 ± 700.8 238.5 ± 544.9 0.037

CACM of patients with CAC > 0 (mg) 60.1 ± 119.5 68.1 ± 125.1 45.2 ± 107.8 0.032

CACV of patients with CAC > 0 (mm3) 297.1 ± 517.8 380.9 ± 576.7 203.5 ± 429.4 0.034

Table 2  Comparisons between patients with and without coronary artery calcification

Data presented as mean ± standard deviation or numbers in parentheses (%)

ARCS aortic root calcium score, ARCV aortic root calcium volume

Parameter All patients (n = 189) Patients with CAC (n = 105) Patients without CAC (n = 84) p value

Age (years) 60.3 ± 11.1 63.9 ± 9.9 55.4 ± 10.8 0.006

Male sex n (%) 88 (46.6%) 64 (61.0%) 24 (28.6%) 0.0001

Body mass index (kg/m2) 31.4 ± 7.5 31.0 ± 7.5 31.9 ± 7.5 0.466

Hypertension n (%) 70 (37%) 41 (39%) 29 (35%) 0.810

Diabetes n (%) 34 (18%) 19 (18%) 15 (18%) 0.838

Dyslipidemia n (%) 54 (29%) 29 (28%) 25 (30%) 0.510

Tobacco abuse n (%) 71 (38%) 43 (41%) 28 (33%) 0.501

CAD family history 42 (22%) 25 (24%) 17 (20%) 0.376

Framingham risk score 17.5 ± 10.7 17.8 ± 10.9 17.2 ± 11.3 0.627

ARCS 67.7 ± 189.5 109.4 ± 238.6 9.42 ± 31.4 <0.0001

ARCV (mm3) 67.3 ± 184.7 108.5 ± 232.4 9.9 ± 30.5 <0.0001
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coronary vessels (≥50% luminal narrowing) as defined 
by CCTA, resulting in r = 0.72 (p < 0.0001) and r = 0.72 
(p < 0.0001), respectively.

Using a multivariate regression analysis, age (OR 
1.07, 95%CI 1.02–1.13, p = 0.005), male sex (OR 5.18, 
95%CI 2.46–10.95, p = 0.023), ARCS (OR 1.09, 95%CI 

0.98–1.21, p = 0.033), and ARCV (OR 1.12, 95%CI 0.96–
1.28, p = 0.046) were all independent markers for the pres-
ence of CAC. In contrast, only age (OR 1.06, 95%CI 1.03–
1.10, p = 0.008) was an independent marker for ARC, 
whereas CACS (OR 1.01, 95%CI 0.99–1.03, p = 0.203), 
CACV (OR 1.00, 95%CI 0.99–1.00, p = 0.859), and 

Table 3  Comparisons between patients with mild to moderate or severe coronary artery calcification

Data presented as mean ± standard deviation or numbers in parentheses (%)

Variable Patients with mild to moderate CAC (1–400) (n = 160) Patients with severe CAC (>400) (n = 29) p value

Age (years) 59.2 ± 10.9 66.5 ± 10.4 0.061

Male sex n (%) 72 (45%) 16 (55%) 0.309

Body mass index (kg/m2) 31.7 ± 7.8 29.7 ± 5.3 0.466

Hypertension n (%) 56 (35%) 14 (48%) 0.175

Diabetes n (%) 26 (16%) 8 (28%) 0.190

Dyslipidemia n (%) 46 (29%) 8 (28%) 0.763

Tobacco abuse n (%) 57 (36%) 14 (48%) 0.214

CAD family history 28 (18%) 14 (48%) 0.175

Framingham risk score 18.1 ± 11.3 16.9 ± 10.4 0.208

ARCS 36.6 ± 109.1 251.7 ± 378.2 0.002

ARCV (mm3) 34.9 ± 93.2 259.4 ± 382.4 0.001

Fig. 1  66-year-old male 
showing severe calcification 
of the aortic root (a + b), left 
anterior descending artery (a), 
and right coronary artery (b) on 
non-contrast coronary calcium 
scoring images, resulting in 
an ARCV of 1011 mm3 and 
ARCS of 1139. Corresponding 
coronary Agatston score was 
reported as 423

Fig. 2  74-year-old female 
with severe calcification of the 
aortic root (a) and left anterior 
descending artery (b) is shown 
yielding an ARCV of 822 mm3, 
ARCS of 1014, and coronary 
Agatston score of 2011. The 
patient underwent invasive cath-
eter angiography followed by 
coronary artery bypass grafting 
for myocardial revascularization
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CACM (OR 0.95, 95%CI 0.89–1.03, p = 0.216) were not 
independent markers of ARC.

ROC curve analysis of the ARC markers showed discrim-
inatory power of ARCS and ARCV to identify any amount 
of CAC (AUC 0.69, 95%CI 0.62–0.75, p < 0.0001 and AUC 
0.70, 95%CI 0.61–0.76, p < 0.0001), including mild to mod-
erate CAC (AUC 0.68, 95%CI 0.61–0.75, p < 0.0001 and 
0.69, 95%CI 0.61–0.76, p < 0.0001) and severe CAC (AUC 
0.71, 95%CI 0.59–0.83, p < 0.0001 and 0.72, 95%CI 0.59–
0.85, p < 0.0001). Corresponding sensitivity and specificity 
to identify any CAC were 50 and 87% for ARCS and 52 
and 88% for ARCV, respectively. Sensitivity and specificity 
to determine mild to moderate CAC were 71 and 67% for 
ARCS and 73 and 68%, for ARCV, respectively. Sensitivity 
and specificity in determining severe CAC were 67 and 71% 
for ARCS and 66 and 73% for ARCV, respectively.

The discriminatory power of these markers to predict 
obstructive CAD, as defined by CCTA, yielded an AUC of 0.67 
(95%CI 0.59–0.72, p < 0.0001) for ARCS and 0.68 (95%CI 
0.59–0.73, p < 0.0001) for ARCV (Fig. 3). Therefore, the sen-
sitivity and specificity for ARCS and ARCV to detect obstruc-
tive CAD were 61 and 78%, and 62 and 80%, respectively.

Discussion

Our results demonstrate a significant correlation between 
the presence of ARC and CAC. Patients with ARC show 
a significantly higher prevalence of CAC with higher 

calcium burden assessed with CACS, CACV, and CACM. 
The ARC markers, ARCS and ARCV, portend predictive 
value for obstructive CAD, resulting in AUC values of 0.67 
(p < 0.0001) and 0.68 (p < 0.0001) and corresponding sen-
sitivity and specificity of 61 and 78%, and 62 and 80%, 
respectively. These results are in accordance with previous 
studies, including CCTA and x-ray examinations, which 
showed a significant association between different aortic 
calcification markers, CAC, and CAD [8, 18, 19].

In reference to the association between ARC and CAC, 
our study displayed a significant correlation between 
the ARC markers and the CAC-related markers: CACS, 
CACV, and CACM. The validity of ARCS and ARCV 
measurements compared to CACS has been previously 
evaluated, and our results further confirm the conclusions 
and the prognostic value of these markers [18, 19]. Another 
important finding elucidated by our study was the signifi-
cant correlation between ARCS and both the individual 
coronary artery vessels, as well as the number of coronaries 
with significant stenosis (≥50% luminal narrowing), which 
is similar to previously reported results [19].

Our findings through multivariate regression analy-
sis show that age (OR 1.06, p = 0.008) is an independ-
ent marker for the presence of ARC, which is in accord-
ance with previous studies. This ultimately demonstrates 
that age is an independent marker for the prevalence of 
ascending aorta calcification in both men and women 
aged 50–60 years, with a growing probability for patients 
older than 70 years [7, 13]. Stewart et al. found that aor-
tic valve and root calcification are associated with a two-
fold increased risk for each 10 year increase in age [20]. A 
recent study by Jeon et al. demonstrated that besides age, 
hypertension and male sex were associated with significant 
ARC [13]. However, we did not confirm these specific find-
ings in our study. Additionally, our results showed an excel-
lent correlation between CACS and the presence of ARC 
(r = 0.53, p < 0.0001), which further supports the findings 
of two recent studies that also examined this relationship 
[18, 19]. Alternatively, CACV and CACM did not show 
significant correlation to detect ARC.

Previous studies showed significantly greater coronary 
calcification for men compared to women in correlation 
with ascending aorta calcifications [21, 22]. In addition, 
recent results derived from the MESA study (Multi-Ethnic 
Study of Atherosclerosis) determined that age, male sex, 
and aortic calcification were strong predictors for CAC [5, 
23, 24]. Thus, the focus of this study supports these previ-
ous findings by demonstrating that age, male sex, as well 
as both markers of ARC are independent markers for CAC. 
Multivariate analysis for ARCS (OR 1.09, p = 0.033) and 
ARCV (OR 1.12, p = 0.046) further corroborates the diag-
nostic value of these parameters as additional risk markers 
for the presence of CAC.

Fig. 3  Receiver-operating characteristic (ROC) curves for aortic root 
calcium volume (ARCV, AUC 0.68) and aortic root calcium score 
(ARCS, AUC 0.67) for the prediction of obstructive CAD
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In addition, we demonstrated significant discriminatory 
power of ARCS and ARCV to detect mild to moderate CAC 
(AUC 0.68, p < 0.0001 and 0.69, p < 0.0001) and severe 
CAC (AUC 0.71, p < 0.0001 and 0.72, p < 0.0001). More 
importantly, ARCS (AUC 0.67, p < 0.0001) and ARCV 
(AUC 0.68, p < 0.0001) revealed significant discriminatory 
power and emerged as predictors for obstructive CAD, ulti-
mately providing incremental diagnostic value. Our results 
compare favorably to a study conducted by Adar et al. that 
demonstrated the significant discriminative power of aortic 
arch calcification (AUC 0.89, p < 0.0001) to predict severe 
CAC. However, these results did not investigate predictive 
value for obstructive CAD [8].

Several limitations in this study deserve mention. We pre-
sent a retrospective, single-center study with a limited number 
of enrolled subjects. We only involved patients with intermedi-
ate pre-test probability of coronary artery disease, which may 
have caused a selection bias, influencing our results. Larger 
studies that encompass a more representative study population 
will be necessary to validate our data. Furthermore, we did not 
compare our results to the golden standard of invasive catheter 
angiography to confirm the severity of CAD.

In conclusion, this study demonstrates that ARC mark-
ers are strongly associated with and independently predict 
the presence of CAC and obstructive CAD. Additionally, 
further testing is required in patients with severe ARC and 
significant CAD in order to reliably obtain these markers 
from thoracic-CT or X-ray for proper risk classification.
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