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Abstract

Background: Coronary artery calcium (CAC) scoring is widely used 
to screen for coronary artery disease (CAD) in asymptomatic individ-
uals. However, it detects calcified plaques and may miss non-calcified 
or soft plaques. This study compared the diagnostic accuracy of CAC 
scoring with coronary computed tomography angiography (CCTA) 
for detecting CAD in asymptomatic individuals with risk factors.

Methods: Eighteen asymptomatic adults with a CAC score of 0 un-
derwent CCTA to evaluate for subclinical CAD. Clinical, biochemical, 
and lifestyle risk factors were assessed. Diagnostic agreement between 
CAC and CCTA was analyzed using the Wilcoxon signed rank test.

Results: The cohort had a mean age of 51.4 ± 10.6 years, 88.8% were 
male, and mean body mass index (BMI) was 27.7 ± 3.6 kg/m2. Smok-
ing (70.5%) and family history of CAD (56.25%) were prevalent. Bio-
chemical analyses showed preserved renal function and non-diabetic 
glycemic profiles. Despite the absence of calcification on CAC, CCTA 
revealed CAD in 72.2% (13/18) of participants, detecting non-calcified 
plaques missed by CAC scoring. Elevated cardiac and inflammatory 
markers, including high-sensitivity cardiac troponin T, apolipoprotein 
B (apoB), and lipoprotein(a) (Lp(a)), were observed in those with posi-
tive CCTA findings. The Wilcoxon signed rank test indicated a signifi-
cant difference between the modalities (Z = -3.606, P < 0.001).

Conclusions: CCTA detected non-calcified atherosclerosis missed by 
CAC and demonstrated superior sensitivity for early CAD detection 
in asymptomatic individuals.

Keywords: Coronary artery disease; Coronary artery calcium scor-
ing; Coronary computed tomography angiography; Wilcoxon signed 
rank test; Specificity; Sensitivity

Introduction

Ischemic heart disease is well known to be the most common 
cause of death worldwide [1]. Screening strategies for coro-
nary artery disease (CAD) have included electrocardiography 
(ECG) stress test, single-photon emission computed tomogra-
phy (SPECT), dobutamine stress echo, which reveal reversible 
stress-induced ischemia, but not necessarily the direct assess-
ment of extent of CAD. The introduction of coronary comput-
ed tomography (CT) calcium score (coronary artery calcium 
(CAC)) did indirectly introduce a way to quantify extent of 
CAD in asymptomatic individuals [2]. The Multi-Ethnic Study 
of Atherosclerosis (MESA) trail identified CAC scoring as a 
major cardiovascular risk stratification tool, showing patients 
with elevated CAC score had adverse outcomes independent 
of traditional risk factors. A 2015 study also showed power of 
calcium score of 0 in predicting 15-year mortality rate [3]. How-
ever, CAC is unable to pick up on non-calcified/soft plaques. 
Coronary computed tomography angiography (CCTA) can pick 
up non-calcified disease but currently is being used only in 
symptomatic individuals based on guidelines [4]. We propose 
that in asymptomatic individuals deemed medium to high risk 
for CAD, screening with CCTA instead of calcium score could 
potentially be beneficial, both for early detection of disease, and 
to tailor treatment strategy based on severity of disease [5]. We 
examined the relationship between CAC scores of 0 and CCTA 
findings in asymptomatic adults with cardiovascular risk fac-
tors. The aim of this study was to describe the extent of discord-
ance between the two imaging modalities in detecting CAD.

Materials and Methods

Study design and population

This study was designed as an exploratory analysis. The study 
was carried out at the Department of Cardiology, at an outpa-
tient facility in Abu Dhabi, United Arab Emirates. This was 
a retrospective, cross-sectional, clinic-based study. Patients 
visited the facility for primary prevention/secondary preven-
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tion/wellness checks. All patients underwent CAC score and 
CCTA. Only asymptomatic patients with CAC score of 0 were 
selected for this study.

Inclusion criteria

Patients with calcium score of 0, and two or more traditional 
risk factors for CAD (smoking, hypertension, diabetes, hy-
perlipidemia, obesity, sedentary lifestyle, age, family history) 
were included.

Exclusion criteria

Patients with previous coronary artery bypass graft (CABG) 
surgery, previous coronary stent placement, dialysis-depend-
ent renal failure, and incomplete demographic and laboratory 
data were excluded.

All the patients meeting the inclusion criteria undergo-
ing both CCTA and CAC between October 2022 and October 
2024 were included in the study. A total of 18 patients met 
the above criteria. Scans for the procedures had been acquired 
on a computerized tomography scanner using cardiac gating. 
Renal function was checked before and after the scan. Patients 
were monitored for any acute allergic reaction. All scans were 
interpreted by a level 3 cardiac CT-trained cardiologist, and the 
results were documented.

Data collection and variables

Each participant underwent a detailed clinical assessment, includ-
ing collection of demographic data (age, gender) and lifestyle fac-
tors, such as smoking status, alcohol consumption, sleep apnea 
diagnosis, and obesity status (defined by body mass index (BMI) 
≥ 30 kg/m2). Demographic information, medical history, and 
health-related behaviors were recorded using a self-administered 
questionnaire with the help of a trained employee. Demographic 
and blood pressure data were also recorded by a trained nurse.

Additionally, comprehensive laboratory tests were per-
formed, including but not limited to: lipid profile: low-density 
lipoprotein (LDL), high-density lipoprotein (HDL), triglyc-
erides, apolipoprotein B (apoB), lipoprotein(a) (Lp(a)); re-
nal function markers: creatinine, urea, estimated glomerular 
filtration rate (eGFR); inflammatory and cardiac markers: 
high-sensitivity C-reactive protein (hs-CRP), high-sensitivity 
cardiac troponin T; endocrine/metabolic markers: glycated he-
moglobin (HbA1c), homeostatic model assessment for insulin 
resistance (HOMA-IR), anti-thyroid peroxidase (anti-TPO), 
uric acid; immunological markers: CD25, CD28; hematologi-
cal marker: red blood cell distribution width-coefficient of var-
iation (RDW-CV); homocysteine.

Diagnostic imaging

All participants first underwent CAC scoring using a non-

contrast CT scan. Scores were calculated using the Agatston 
method. Subsequently, CCTA was performed using a dual 
source multidetector CT scanner following administration 
of iodinated contrast. Images were analyzed for the presence 
and severity of coronary artery stenosis. The patients with 
an initial heart rate greater than 80 beats per minute (bpm) 
received an intravenous (IV) dose of beta-blocker (5 mg me-
toprolol), approximately 10 min before imaging. An ECG-
gated multidetector computed tomography (MDCT) scan 
was performed using a 384-slice scanner (Siemens Medical 
Systems, Forchheim, Germany) without IV contrast injection 
to quantify CAC. Then, CCTA was performed by IV contrast 
agent injection (using 65 mL of 400 mg I/mL contrast ma-
terial infused at 4 mL/s followed by a 50-mL saline flush). 
Before the scan, 0.4 mg of nitroglycerin spray was admin-
istered. On average, patients received a radiation dose of 4 
mSv. None of the patients experienced any adverse events 
from contrast administration. CCTA images were interpreted 
by a level 3 cardiac CT-trained cardiologist. CAC was cal-
culated using the method described before and was divided 
into the five following stages: no calcification (0), minimal 
calcification (1 - 10), mild calcification (11 - 99), moderate 
calcification (101 - 300), and extensive calcification (> 300) 
[6]. Moreover, the severity of coronary artery atherosclerosis 
was classified into four categories, namely minimal stenosis 
(< 25% diameter reduction), mild stenosis (25-49% diameter 
reduction), moderate stenosis (50-69% diameter reduction), 
and severe stenosis (> 70% diameter reduction) [7].

Statistical analysis

Descriptive statistics were used to summarize demograph-
ic and clinical characteristics. Continuous variables were 
presented as mean ± standard deviation, while categorical 
variables were expressed as frequencies and percentages. 
Positive predictive value (PPV) and negative predictive 
value (NPV) were calculated to evaluate the diagnostic per-
formance of CAC score (0) in predicting stenosis detected 
by CCTA. The Wilcoxon signed rank test was performed to 
compare paired diagnostic results (CAC = 0 vs. CCTA find-
ings). All statistical analyses were performed using Excel 
and SPSS software. A P value < 0.05 was considered statisti-
cally significant.

Ethics statement

This study was approved by the Institutional Ethics Committee 
and adhered to relevant ethical guidelines.

Results

Demographic characteristics

Baseline demographics and clinical characteristics are pre-
sented in Table 1. Median age was 51.4 ± 10.6 years, and most 
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participants were male.

Lifestyle factors and medical history

Common risk factors included smoking and a family history 
of CAD (Table 2). About 47.05% of the patients had a history 
of sleep apnea, and 41.17% reported hypertension. No partici-
pants reported history of kidney or autoimmune disease (Table 
3). Participants had a median body fat percentage of 32.9%, 
with an interquartile range of 23.8-39.2%.

Biochemical and clinical characteristics

The biochemical profile of the study participants is summa-
rized in Table 4. The mean serum creatinine was 1.16 ± 0.5 
mg/dL, while the mean urea level was 9.36 ± 2.70 mmol/L. 
The eGFR averaged 115 ± 14.34 mL/min, indicating preserved 
renal function across the cohort.

Coronary CT findings

All 18 participants had a CAC score of 0, suggesting absence 
of calcified coronary plaques. CCTA identified non-calcified 
plaques indicative of CAD in 13 of these 18 participants 
(72.2%), classifying them as false negatives (FNs) by CAC 
(Fig. 1). A Wilcoxon signed rank test confirmed a statistically 
significant difference between CAC scoring and CCTA find-
ings (Z = -3.606, P < 0.001), highlighting that CCTA consist-
ently identified more cases of CAD that were missed by CAC 
scoring (Fig. 2). No adverse reactions to contrast were ob-
served. There were no allergic responses or cases of contrast-

Table 1.  Basic Demographic Information of the Participants

Characteristic Value
Age (years) 51.4 ± 10.6
Male 16 (88.8%)
Female 2 (11.1%)
BMI (kg/m2) 27.7 ± 3.6
Normal (BMI ≤ 25) 4 (22.2%)
Overweight (25 < BMI ≤ 30) 11 (64.7%)
Obese (BMI ≥ 30) 2 (11.7%)
Ethnicity (Asian) 5 (29.4%)
Ethnicity (White) 11 (64.7%)
Ethnicity (Black) 1 (5.8%)

BMI: body mass index.

Table 2.  Lifestyle Factors Information of the Participants

Characteristic Value
Smoker 12 (70.5%)
Alcoholic 6 (35.2%)
Positive family history for CAD 9 (56.25%)
Diabetes 2 (11.76%)
Body fat percentage (19-30%) 5 (29.4%)
Body fat percentage (30-40%) 5 (29.4%)
Body fat percentage (40-51%) 5 (29.4%)
Dietary habits (low carbohydrate) 6 (35.2%)
Dietary habits (high carbohydrate) 2 (11.76%)
Physical activity level (low) 5 (29.41%)
Physical activity level (high) 12 (70.58%)

CAD: coronary artery disease.

Table 3.  Medical History of the Participants

Characteristic Value
History of kidney disease 0
History of autoimmune disease 0
History of sleep apnea 8 (47.05%)
History of hypertension 7 (41.17%)

Table 4.  Biochemical Markers

Characteristic Value
Creatinine (mg/dL) 1.16 ± 0.5
Urea (mmol/L) 9.36 ± 2.70
eGFR (mL/min) 115 ± 14.34
LDL (mg/dL) 125.6 ± 52.96
HDL (mg/dL) 54.3 ± 11.99
Lp(a) (nmol/L) 71.33
HbA1c 5.35 ± 0.4
High-sensitivity cardiac troponin T (pg/mL) 18.91 ± 5.05
apoB (mg/dL) 100.91 ± 34.28
hs-CRP (mg/L) 1.61 ± 1.35
Homocysteine (µmol/L) 10.41 ± 2.76
CD28 (cells/µL) 1.94 ± 0.56
CD25 (cells/µL) 1.72 ± 0.65
RDW-CV (%) 13.4 ± 1.2
Triglycerides (mg/dL) 90.01 ± 24.96
Uric acid (mg/dL) 4.11 ± 0.92
HOMA-IR 0.78 ± 0.95
Anti-TPO (IU/mL) 25.22 ± 27.57
Copper (µg/dL) 67.5 ±15.77
VO2 max (mL/kg/min) 30 ± 10

LDL: low-density lipoprotein; HDL: high-density lipoprotein; HOMA-IR: 
homeostatic model assessment for insulin resistance; apoB: apoli-
poprotein B; Lp(a): lipoprotein(a); eGFR: estimated glomerular filtra-
tion rate; HbA1c: glycated hemoglobin; CD: cluster of differentiation; 
anti-TPO: anti-thyroid peroxidase; RDW-CV: red blood cell distribution 
width-coefficient of variation; VO2 max: maximal oxygen consumption; 
hs-CRP: high-sensitivity C-reactive protein.
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induced nephropathy, and renal function remained stable after 
the scan.

Diagnostic performance of CAC

When compared to the reference standard CCTA, five patients 
were confirmed to have no CAD (true negatives (TN)), 13 
patients were found to have non-calcified plaques that were 
missed by CAC (FNs).

Extent of CAD is shown in Table 5 and Figure 3b. The 
PPV and NPV for CAC score in identifying CAD were calcu-
lated. CAC score showed poor concordance with CCTA find-

ings, with a high rate of false-negative results (72.2%), high-
lighting its limitations in detecting non-calcified CAD. The 
details are given in Figure 3a.

Wilcoxon signed rank test

The Wilcoxon signed rank test revealed a statistically significant 
difference between CAC score and CCTA findings in detecting 
CAD, with a Z-score of -3.606 and an associated P value of < 
0.001. Specifically, 1) Z-score = -3.606 - A large negative Z-
value suggests that CCTA detects significantly more cases than 
the CAC score. The negative sign reflects the ranking direction 
but does not affect the interpretation; 2) P value (asymptotic sig-
nificance, two-tailed) < 0.001 - Since P < 0.05, the difference 
between CCTA and CAC Score is statistically significant. This 
confirms that CCTA results are systematically higher than CAC 
score results rather than differing by chance).

Post hoc power analysis

A post hoc power analysis was conducted to assess the statisti-
cal power of the Wilcoxon signed rank test comparing CAC 
scoring and CCTA results. Using the observed test statistic (Z 
= -3.606) from a sample of 18 participants, the effect size (r) 
was calculated as:

Z 3.606r ; r ; r 0.85.
N 18

−
= = = −

This corresponds to an estimated Cohen’s d of approxi-
mately 1.70, indicating a large effect. Using this effect size, a 
two-tailed paired sample power analysis at α = 0.05 revealed 
a statistical power of > 99.9% (power = 0.9999). This post 
hoc power estimation suggested that the observed difference 
would likely be detectable in a larger sample, supporting the 
reliability of the observed effect.

Discussion

American College of Cardiology/American Heart Association 
guidelines have recommended CAC for CAD screening in in-
termediate risk individuals [3]. While this allows detection of 
calcified disease, it is unable to detect non-calcified disease, or 
soft plaques. Considering the burden of CAD and the fact that 
ischemic heart disease is the number one cause of death world-
wide, missing out on soft plaque can be detrimental. A previous 
study in 2008 where asymptomatic individual underwent CCTA 
showed only 4% of people had non-calcified plaque [8]. In our 
study, 72% of the population had soft plaque, indicating CAD 
that would be missed by using CAC alone. This exploratory 
study highlights a discrepancy between CAC scoring and CCTA 
findings in asymptomatic adults with cardiovascular risk fac-
tors, with CCTA identifying non-calcified plaque in majority of 
the participants. This study included only 18 participants, which 
restricts generalizability. The observed 72% prevalence of non-
calcified plaque should be interpreted cautiously, as smaller 
samples are more prone to random variation.

Figure 1. Coronary artery assessment based on CCTA findings in the 
study population (n = 18). Positive CCTA results were observed in 13 
patients (72.2%), including minimal stenosis in 38.8% and mild steno-
sis in 33.3%. Negative findings were present in five patients (27.7%), 
with no plaques or stenosis detected. CCTA: coronary computed to-
mography angiography; +ve: positive; -ve: negative.
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Despite the small sample size, the observed diagnostic 
discrepancy between CAC scoring and CCTA reached statis-
tical significance (Wilcoxon signed rank test, Z = -3.606, P 
< 0.001). To assess the robustness of this finding, a post hoc 
power analysis was performed, revealing an effect size (Co-
hen’s d) of 1.70 and a power exceeding 99.9% (α = 0.05). 
These results suggest a statistically robust difference between 
CAC and CCTA findings, although the small sample and ex-
ploratory nature of the study warrant cautious interpretation.

Previous studies have mentioned soft plaque being detected 
in individuals with CAC of 0. An Austrian study revealed that 
in individual with calcium score of 0, 32% had soft plaque on 
CCTA [9]. Our study further highlights the importance of CCTA 
for detection of non-calcified plaque, and the degree of stenosis 
in coronaries. This not only helps in truly detecting CAD but 
also helps in managing patient care with reference to appropriate 
LDL targets [5]. In our study, 65% of participants were Cauca-
sian/Middle Eastern, while about 30% of the study participants 
were South Asian, possibly suggesting high risk of developing 
soft plaque in this population, and warrants further study.

Individuals in our study with soft plaque had mild or mini-
mal CAD, indicating need of medical therapy initiation. Using 
CAC by itself would have failed to identify these individuals for 

appropriate medical therapy. After identification of CAD, these 
patients were started on antiplatelet and statin therapy, with a 
focus on reaching target LDL based on guidelines and degree of 

Table 5.  Distribution of Different Coronary Artery Disease (Ste-
nosis %) Subgroups in Relation to the Total Number of Patients %

Coronary artery disease  
(stenosis %)

Total number of 
patients (%)

None (0%) 5 (27.7%)
Minimal (1-24%) 7 (38.8%)
Mild (25-49%) 6 (33.3%)
Moderate (50-69%) 0

Figure 2. The diagnostic comparison between CAC scoring and CCTA in 18 asymptomatic individuals. All patients had a CAC 
score of 0, suggesting no coronary artery disease. However, subsequent CCTA revealed that 13 out of 18 individuals had sig-
nificant coronary artery disease. A Wilcoxon signed rank test demonstrated statistically significant difference between the two 
diagnostic modalities (Z = -3.606, P < 0.001). CAC: coronary artery calcium; CCTA: coronary computed tomography angiography.

Figure 3. (a) Bar chart showing the comparison of CAC score and 
CCTA in detecting CAD. (b) Curve showing the percentage of patients 
with stenosis. CAC: coronary artery calcium; CAD: coronary artery dis-
ease; CCTA: coronary computed tomography angiography.
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stenosis. Using CCTA for CAD screening also aligns with the 
ongoing discussion of using CCTA-derived plaque volume for 
CAD staging and treatment [10, 11]. CCTA also has the poten-
tial to better risk-stratify patients with elevated CAC scores, as 
the same principle of missing soft plaque applies.

Screening for CAD should be more aggressive, and ac-
curate, since it is the number one cause of mortality world-
wide. CAC will miss individuals with CAD that only have 
soft plaque. CCTA can provide this information accurately 
in people with risk factors. Although our study population is 
limited by small sample size, it highlights the potential val-
ue of CCTA in CAD screening in asymptomatic individuals 
with risk factors. Larger study pools, like the ongoing SCOT-
HEART 2 trial, are required to help push this point further in 
the future [12].

While our study focused on individuals with a CAC score 
of 0, the broader limitations of CAC scoring are worth not-
ing. Even in patients with mild or moderate calcification, the 
calcium score does not reflect overall plaque burden or the 
degree of luminal narrowing. Some individuals with low or 
moderate calcium scores may still have significant stenosis, 
which can be identified by CCTA but not by CAC scoring. 
This is increasingly recognized in clinical practice and has 
contributed to a shift toward more comprehensive CT-based 
evaluation. Advances in CCTA, including CT-derived frac-
tional flow reserve and developments in plaque characteriza-
tion, further widen the gap between CAC and CCTA. These 
techniques provide both functional and structural information, 
which improves risk assessment and helps guide manage-
ment. Although our study did not use these advanced tools, 
acknowledging their role helps place our findings in the con-
text of current imaging capabilities.

Larger studies will also help understand the cost implica-
tions of using CCTA for CAD screening. While CCTA costs 
more than CAC score, detecting CAD at earlier stage can po-
tentially cut down future costs related to advanced CAD man-
agement and its complications, such as myocardial infarction 
and ischemic heart failure. Advances in CT technology, includ-
ing dose-reduction algorithms, prospective ECG gating, and 
iterative reconstruction, have significantly lowered radiation 
exposure associated with CCTA. These developments improve 
the feasibility and safety of incorporating CCTA into screening 
or preventive cardiology strategies in the future.

Limitations

This is a single-center study. Our study was conducted at an 
outpatient facility, where the volume is lower than a typical 
in-patient facility. To meet the inclusion criteria, most scans 
performed at our facility could not be used, since these scans 
had a calcium score greater than 0. This led to small patient 
population for this study. Most patients in our study were male, 
the low female population in our study does introduce poten-
tial bias. The data were obtained retrospectively; unmeasured 
confounders could not be fully excluded. Future studies with 
larger, prospectively designed cohorts and balanced gender 
representation are warranted to validate and expand upon these 
observations.

Conclusions

In individuals who have risk factors for CAD, CAC can miss 
CAD in the form of soft plaque. CCTA appears to be a more 
comprehensive option for CAD screening in such individuals; 
however, larger patient pools are required for further valida-
tion.
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