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ABSTRACT
Background: To investigate the correlation between CAC (coronary artery Ca) score and the presence and extent
of CAD (coronary artery disease) determined by 64-slice CT coronary angiography in a population of 568 Turkish
women. Materials and Methods: 568 women, who underwent CAC scanning and coronary CTA, were included
in the study. CT examinations were performed by a 64-slice CT scanner (Toshiba, Aquillon 64, Toshiba Medical
Systems, Otowara, Japan.) Sensitivity and specificity of CAC scanning in detecting any degree of CAD (grade1-4)
and significant CAD (grade 3-4) were calculated for various thresholds of CAC (0,100,400) for the whole study
population as well as for various age groups. Correlation between age and CAC score grade, age and CAD grade
and CAC score grade and CAD grade were evaluated by Spearmen test. Results: Sensitivity of CAC scoring in
detecting CAD increased and the specificity decreased as the age increased. There was a statistically significant
correlation between age and CAC score, between age and CAD grade, and CAC score and CAD grade.
Conclusion: CAC correlates well with the presence and extent of CAD and can be used as marker of the disease in
women. However caution is required when using this test in young women.
KEYWORDS: Coronary CT angiography, coronary artery disease, coronary Ca scoring, gender, risk stratification.
INTRODUCTION
CVD (cardiovascular disease) is the primary cause of
death in women. 50% of women will die of CVD
compared with 4% of breast cancer.[1] Furthermore,
women have a poorer prognosis with acute MI
(myocardial infarction) when compared to men. They
more often have no symptoms before the initial cardiac
event, and nearly 40% of the initial cardiac event is fatal
in women.[2] Thus, detection of individuals who carry
high-risk of CAD (coronary artery disease) and diagnosis
of CAD in its preclinical phase is of crucial importance
enabling preventive pharmacotherapy.
Current risk stratification methods such as Framingham
risk score fail to identify a sizable proportion of
individuals who carry high risk of CAD.[3-6] There are
dramatic differences in the prevalence and out come of
risk factors in women compared with men which makes
risk assessment in women more complicated.[7] In
addition, traditional non-invasive testing that is used to
detect CAD such as exercise stress testing and thallium
sintigraphy are not as effective in women as they are in
men.[8] Thus, diagnosis of CAD is often delayed with
subsequent under treatment in women.[7] All forms of
cardiovascular death in women show a trend toward
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increasing fatality rate according to recent statistics of
American Heart Association. On the contrary, substantial
declination in men has been observed.[9] Therefore, it is
clear that alternative ways to detect sub clinical
atherosclerosis are needed and especially for women.
CAC (coronary artery Ca) scoring is a promising method
in this regard.
Calcification in the coronary arteries is directly related to
atherosclerosis, which makes CAC a specific marker of
CAD. Numerous studies have shown that CAC scoring
gives prognostic information about future cardiac events
and can predict the likelihood of significant stenosis of
the coronary arteries. In addition it has an independent
and incremental value over the traditional risk
stratification methods in detecting individuals who carry
risk of coronary heart disease.[10] However, several
characteristics of the population such as gender, age and
ethnicity have an influence on the sensitivity and
specificity of CAC scoring in detecting sub clinical
atherosclerosis.[11] Various studies investigated the value
of CAC scoring in predicting future cardiac events as
well as its correlation with the angiographic coronary
artery disease in western populations however caution is
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warranted when using their data in other ethnic
groups.[11]
In the present study, we aimed to investigate the
correlation between CAC score and the presence and
extent of CAD determined by 64-slice coronary CTA
(computerized tomography angiography) in a population
of 568 Turkish women. In addition, we searched for the
frequency and extent of CAD in women with zero score.
MATERIALS AND METHODS
568 women, who underwent CAC scanning and coronary
CTA were included in the study. They were referred to
coronary CTA due to having symptoms suspected of
CAD or having several risk factors of CAD. Cases with
known CAD or with a prior history of coronary
revascularization (by-pass graft and/ or stent placement)
were excluded. Following a fasting period of 6 hours CT
examinations were performed by a 64-slice CT scanner
(Toshiba, Aquillon 64, Toshiba Medical Systems,
Otowara, Japan.) Prior to CT scanning heart rate and
arterial tension, weight and height of the patient were
checked and noted by a nurse, which also filled a
questionnaire that includes information about the
patient’s medical history and risk factors of CAD. The
characteristics of the cases are presented in Table 1.

Table 1: Patient characteristics and distribution of
risk factors in the study population.
Age Range
Asymptomatic
Chest pain
Palpitation
Dyspne
Family history of coronary
artery disease
Hypertension
Hypercholesterolemia
Diabetes Mellitus
Smoking

31-86 (mean:58)
257 (45.2%)
256 (45.1%)
46 (8.1%)
9 (1.5%)
35 (6.2%)
312 (54.9%)
153 (26.9%)
106 (18.7%)
89 (15.7%)

Patients with a heart rate >65 were premedicated with
oral beta blocker (Propronalol 40mg) one hour before the
scan if there was no contraindication. Sublingual
nitrogliserin was delivered to the patient just before the
scan. A total amount of 80-85 ml contrast media with
iodine concentration of ≥ 350mg/ml was injected through
the right antecubital vein with a flow rate of 5ml/s. 20 ml
saline was injected both prior to and following the
injection of the contrast media with the same flow rate.
Optimal scan timing was determined by automated bolus
tracking method by placing the region of interest over the
descending aorta and setting the trigger threshold to 180
HU. Scan protocols of CAC scanning and CTA are
provided in table 2.

Table 2: CT Protocol of CTA (computerized tomography angiography) and CAC (coronary artery calcium)
Scoring.
Scan Protocol (Toshiba Aquillon 64)
Tube voltage
Tube current
Tube rotation time
Field of view
Section thickness
Increment
ECG gating
Raw CT data of CTA were reconstructed at various
phases of the cardiac cycle to obtain the images without
motion artifacts. Images reconstructed at 75% of the R-R
interval were optimal for analysis in most of the patients.
CT data was transformed to a remote work station
(Vitrea 2, Vital Images, Plymouth, Minnesota) for image
analysis.
Ca score of each coronary artery and total score were
calculated based on Agatston through a dedicated
workstation. Total CAC score was graded using the
standardized categories of Ca scoring.
Grade 0: 0 score
Grade I: Total score between 1-10
Grade II: Total score between 11-100
Grade III: Total score between 101-400
Grade V: Total score >400
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CTA
120 kV
400 mAs
400 msec
200-270
0.5mm
0.3mm
Retrospective

CAC Scoring
120 kV
300 mAs
Determined by Sure Cardio
200-220
3mm
Determined by Sure Cardio
Prospective

In coronary CTA, wall irregularities of the coronary
arteries, composition and site of the existing plaques and
the degree of luminal narrowing caused by the plaque
were noted. CAD was graded in to 5 groups according to
the CTA findings.[12]
Grade 0: Normal.
Grade 1: Presence of a plaque that causes luminal
narrowing <20% or presence of a plaque with a length <
2 cm in one or two coronary arteries.
Grade 2: Luminal narrowing of 20-49% or presence of a
plaque with a length > 2cm. If 3 coronary arteries are
affected by the atherosclerotic process it is also included
in this group.
Grade 3: Luminal narrowing of 50-69% or presence of
more than 3 arteries that is affected by the atherosclerotic
process.
Grade 4: >70% luminal narrowing (50% luminal
narrowing in LM).
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Cases were categorized into 5 groups according to age (<
40, 40-49, 50-59, 60-69 and > 70). Sensitivity and
specificity of CAC scanning in detecting any degree of
CAD (grade1-4) and significant CAD (grade 3-4) were
calculated for various thresholds of CAC (0,100,400) for
the whole study population as well as for each of the 5
age groups. Correlation between age and CAC score
grade, age and CAD grade and CAC score grade and
CAD grade were evaluated by Spearmen test.
The study was conducted in accordance with the
principles of the Declaration of Helsinki.

RESULTS
Sensitivity, specificity, positive and negative predictive
values of CAC score >0 in detecting any CAD were
78.4%, 99.3%, 99.08% and 83.1% respectively. When
detecting grade 3-4 CAD, sensitivity and negative
predictive value increased to 87.9% and 96.3%
respectively, while specificity decreased to 73.10%.
Sensitivity of CAC scoring in detecting CAD decreased
as the CAC score increased while specificity increased
with the increasing scores (Table 3). When we assessed
the value of CAC in various age groups regardless of the
threshold chosen, sensitivity of CAC scoring in detecting
CAD increased and the specificity decreased as the age
increased (Table 4-5).

Table 3: Detection of significant CAD (coronary artery disease) at various thresholds of CAC (coronary artery
calcium) scores.
CAC Score
>0
> 100
> 400

Sensitivity
87,9 %
52,3%
16,8%

Specificity
73,1%
95,2%
99,1%

Positive Predictivity
43,1%
71,8%
81,8%

Negative Predictivity
96,3%
89,6%
83,7%

Table 4: Detection of any CAD (coronary artery disease) with CAC (coronary artery calcium) score > 0 in
various age groups.
Age Sensitivity Specificity Positive Predictivity Negative Predictivity
50%
100%
100%
93,75%
< 40
65,2%
98,8%
93,8%
91,1%
40 – 49
67,1%
100%
100%
82,3%
50 – 59
81,3%
100%
100%
75,9%
60 – 69
92,5%
93,8%
98,4%
75%
>69
Table 5: Detection of significant CAD(coronary artery disease) with CAC (coronary artery calcium) score > 0 in
various age groups.
Age Sensitivity Specificity Positive Predictivity Negative Predictivity
71,4%
88,9%
31,3%
97,8%
40 – 49
80,8%
81,9%
41,2%
96,5%
50 – 59
90,7%
62,2%
44,8%
95,2%
60 – 69
93,3%
34%
44,4%
90%
>69
*Patients younger than 40 years of age are not presented in the table since they did not have significant CAD
Of the 568 cases 350 (61.6%) had 0 score. 246 (70%) of
them were younger than 60 years of age. 59 (16.8%) of
the cases without CAC had CAD (grade 1-4) while

significant CAD was detected in 13 (3.7%) of them
(figure 1).

Figure 1: 45 years old women with zero CAC score. Soft, concentric, diffuse plaque, which causes significant
luminal narrowing in proximal segment of Cx (circumflex) artery (open arrow), is seen. VRD (volume
rendering) (A), MIP (maximum intensity projection) (B) and CPR (curved planar reformate) (C) images.
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There was a statistically significant correlation between
age and Ca score (r:0. 47, p<0.0001). The median CAC
score of the cases younger than 60 years of age
(median:0, min:0, max: 619) was found to be
significantly lower than the median CAC score of the
cases over 60 years of age (median: 10, min:0, max:
4953) with Mann Whitney U test (p<0.0001).
Statistically significant correlation was found between
age and CAD grade (r:0. 414 p<0.0001) and CAC score
and CAD grade (r:0.809, p <0.0001).
DISCUSSION
Detecting CAD in its preclinical phase before the onset
of symptoms is important because a significant
proportion of the first CAD events are sudden cardiac
death or MI.[13] Women more often than men have no
symptoms before the initial cardiac event. Further more
the recurrence rate of MI is higher in women and
revascularization procedures have a less favorable
outcome.[2] However, traditional non-invasive testing
that is used to detect CAD is not as effective in women
as it is in men. For instance Kwok et al.[14] showed a
lower accuracy of exercise stress testing in women,
artifacts caused by breast attenuation is a well known
limitation of thallium scintigraphy.[8] In addition, various
studies have shown that classical risk stratification
models underestimate CAD risk in women and according
to these models, substantial number of women with sub
clinical atherosclerosis do not meet the criteria for
primary prevention therapy.[1,15-17] These limitations have
generated increasing interest in non-invasive measures of
atherosclerosis including CAC scoring.
High correlation between CAC and total plaque burden
has been shown by histopathologic studies and this
correlation confines all ages and both sexes.[18,19]
Coronary calcification occurs in proportion to the
severity of underlying atherosclerosis.[20] Therefore,
CAC score correlates with the severity of CAD and is
useful in predicting significant stenosis including
angiographic 3-vessel disease and/or LM disease.[21] In
consistent with previous reports a significant correlation
between CAC score and CAD was found in the present
study. We believe CAC scoring is valuable in identifying
women with CAD and is a measure of the extent of the
disease.
Various authors advocate that while interpreting CAC
testing clinical and demographic features of the patient
population should be taken in to account.[21,22] The results
of the present study indicate that sensitivity of CAC
scoring in detecting CAD decreases with decreasing age.
Agatston et al.[23] also showed a distinct influence of age
on the relation between CAC and CAD, and stated that
sensitivity improves with age while the specificity
decreases. A similar observation of decreasing sensitivity
of CAC in young women was made by Devries et al[24]
and Eroğlu et al.[17] There fore caution is necessary when
using CAC testing in young women. Although to detect
the exact threshold of age when CAC testing can be used
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safely is beyond the aim of our study, we believe this
fact needs to be elucidated by further studies.
Even though the total CAC score is a measure of overall
plaque burden consisting of both the calcific and the noncalcific plaque, CAC scanning fails to detect the noncalcified plaque. Numerous studies have shown that
CAD may still exist in patients without CAC. The
frequency of obstructive CAD with zero CAC score
ranges from 0.7-32% in these studies.[17,25-28] In the
present study, 16.8% of the cases with 0 score CAD
(CAD1-4) while significant CAD existed in 3.7%. Thus,
absence of detectable CAD did not rule out CAD. There
is a debate on the clinical usefulness of detection of noncalcified plaque in patients with zero score. Some
authors support that there is a modest incremental value
of other diagnostic tests in patients with zero CAC score
since very low cardiac event rates are reported in them
and detection of non-calcified plaque in those cases may
not significantly increase their low base line prognostic
risk estimate.[25,27,29,30] On the other hand, in the series of
Schenker et al.[22] which consists of symptomatic patient
population, inducible ischemia occurred in 16% of
patients with zero CAC score and cardiac event occurred
in 3.9% in the 1.4 years of follow up. Additionally in the
series of Greenland et al.[31] that consists of
asymptomatic patients, cardiac event occurred in 4.4% of
patients without CAC. Besides, it is well known that soft
plaques are more susceptible to cardiac events, and they
are more prone to regression by medical therapy.[26]
Gender and ethnicity are among the factors which
influence the diagnostic value of CAC testing. The same
CAC scores are indicative of a different level of risk in
women and men. Women have more diseased arteries
than men at the same score and demonstrate a higher
mortality than men at each level of coronary
calcification.[5] Consequently, it is recommended to use
age and gender based CAC score percentiles rather than
the absolute score when evaluating women.[5] We
preferred to use the absolute CAC scores in the present
study as it made comparison of our results with
previously published data easier. Importance of defining
racially specific risk categories according to CAC score
thresholds has been emphasized in a recent guideline
European Society and North American Society of
Cardiac Radiology.[11] The main drawback of the present
study is that it was not possible to correlate CTA
findings with catheter angiography, as patients without
obstructive CAD were not referred to DSA. However,
numerous studies which investigate the correlation
between coronary CTA and DSA have proved that CTA
is accurate in detecting CAD. In addition, CTA is
superior to DSA in detecting the extent of disease.
Another limitation is that, our study population consists
of clinician referred cases so caution is needed when
adapting the results of the present study to the general
population.
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CONCLUSION
The results of the present study have shown that CAC
correlates well with the presence and extent of CAD and
can be used as marker of the disease in women. This is
an important observation given the fact that other noninvasive tests, which are used to detect sub clinical
atherosclerosis, do not perform well in women and risk
stratification methods fail to identify a significant
proportion of women who actually need preventive
pharmacotherapy. In the present study sensitivity of
CAC in detecting CAD decreased in young women
hence we recommend caution when using this test in
young women. We would also like to point out that
further testing of symptomatic patients with zero CAC
score is still required since CAD cannot be ruled out.
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