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Practice points
�� Appropriate patient selection, limited scan length and lowering tube voltage are approaches 

for further lowering the radiation dose.

�� A zero coronary artery calcium (CAC) score especially in asymptomatic patients largely rules 

out presence of significant coronary artery disease and identifies a very-low-risk patient. 

�� Numerous studies show that CAC score increases the predictive power of the Framingham 

Risk Score for future cardiovascular events.

�� A zero CAC score rules out significant coronary artery disease in both symptomatic and 

asymptomatic patients.

�� Higher CAC score is associated with lower effective glomerular filtration rate and longer 

duration of hemodialysis.

�� CAC score may be used as a predictor of worse outcome among the renal failure, 

hemodialysis and renal transplant recipient populations.

�� High CAC score may positively affect patient behavior, patient lifestyle and physician.
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summary	 Similar to mammography in screening of breast cancer, coronary artery calcium 

(CAC) scanning could be used for the screening of at-risk patients for coronary artery disease 

(CAD). Strong correlations between CAC score and CAD have been established. CAC allows 

for early identification of atherosclerosis to permit early targeting of lifestyle and pharmacologic 

intervention for heart disease. The predictive value of CAC score differs in population with differ-

ent pretest probability for CAD. In addition, combination of CAC score with other risk factors may 

produce a model with higher predictive value for presence, severity and future events of cardio-

vascular disease. We reviewed all correlated published studies indexed in PubMed during the last 

5 years to combine with older, generally accepted concepts to establish the most valid current 

role for CAC testing.
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Office-based risk assessment tools, such as the 
Framingham Risk Score (FRS), are currently 
used to estimate the probability of coronary 
artery disease (CAD) and the risk of future 
cardiovascular disease (CVD) events. The 
Framingham model creates three categories of 
10-year risk for a future cardiovascular event: 
<10% (low risk), 10–20% (intermediate risk) 
and >20% (high risk). Since FRS was only able 
to predict 60–65% of cardiovascular risk, many 
clinical trials studied other markers and risk fac-
tors to establish a predictive model with higher 
predictive value by combination of various risk 
factors and markers. There are a lot of autopsy, 
radiologic and histopathologic reports that sup-
port a significant correlation between CAD and 
coronary artery calcium (CAC). It has been 
established that CAC detected by computed 
tomography (CT) is strongly correlated with 
presence of CAD. It has been suggested that, 
similar to mammogram in breast cancer screen-
ing, CAC may be used as a screening tool to 
accurately predict CVD presence, severity and 
future CVD events. In order to summarize an 
update regarding to CAC and its recent role 
in clinical practice, we reviewed all correlated 
published studies in PubMed to combine with 
older established concepts to establish the most 
valid current role for CAC testing. We system-
atically reviewed all published papers indexed 
in PubMed over the last 5 years. The majority 
of papers utilized electron beam CT and sev-
eral utilized 64  slice CT. The methodology 
of CAC testing has been validated and results 
for both multidetector CT and electron beam 
tomography are similar. 

Technical aspects
The clinical benefit of CAC scanning needs 
to be balanced against the risk of CT ionizing 
radiation. National and international guidelines 
should be used for patient selection. Monitoring 
of radiation exposure (dose-length product and 
effective radiation dose (E) in all patients is 
highly recommended). The dose-length prod-
uct should be <200 mGy × cm; E should aver-
age 1.0–1.5 mSv and should always be <3.0 mSv. 
CAC imaging in an axial mode with prospec-
tive electrocardiographic triggering and similar 
with all scanner platforms, most commonly 
uses a tube voltage of 120  kV. Chest lateral 
width measured on the topogram as a marker of 
patient size should be used for appropriate tube 

current selection. To keep a lower radiation dose 
we may consider both slice thickness of 2.5 mm 
and scanning of the heart with limited length 
coverage. Appropriate selection of these param-
eters in CAC scanning can decrease radiation 
dose level and may decrease the risk of ionizing 
radiation-related side effects [1]. Radiation doses 
are very similar to mammography, another test 
used widely for screening asymptomatic persons. 

Predictors of CAC presence & severity
It is important to know which patients will 
benefit more from CAC scan. For this reason 
at first we need to know about the factors that 
affect presence and severity of CAC (see Box 1). 
In a group of asymptomatic participants with 
low risk (<10%) 10 year-FRS, traditional risk 
factors such as age, gender, lipid profile, blood 
pressure, smoking, diabetes and family history 
of premature CAD were the foremost important 
factors associated with presence of any CAC and 
advanced CAC [2]. Similarly, a study done on 
9341 asymptomatic participants showed age, sex 
and classical CAD risk factors were strong pre-
dictors for the presence of CAC and its severity 
[3]. Another study done on 1825 cases, showed 
that male gender (odds ratio [OR]: 3.2; 95% 
CI: 2.5–4.2; p < 0.0001) and an age of 60s ver-
sus 50s (OR: 2.2; 95% CI: 1.7–2.8; p < 0.0001) 
have the greatest association with the presence 
of CAC. Diabetes and smoking were also inde-
pendently associated with the presence of CAC,  
with ORs of 2.0 (95% CI: 1.1–3.5; p = 0.03) and 
1.9 (95% CI: 1.4–2.5; p < 0.0001), respectively 
[4]. Similarly, studies on 677 patients revealed 
that very high CAC (≥1000), when compared 
with a relatively high CAC (400–999), was 
best associated with two factors: male gender 
(OR: 3.10; p < 0.001) and older age (OR: 1.42 
per 10‑year increase; p < 0.001) [5]. Based on 
the result of a study done on 2620 low-risk FRS 
individuals who were followed up for 2.5 years, 
CAC progression occurred in 574 participants 
and they concluded that even in individuals at 
low predicted risk according to FRS, traditional 
risk factors predicted CAC progression in the 
short term [6].

Race is another important predictor. A study 
on 861 subjects showed that white race was a 
strong predictor of CAC whereas the African-
American race was associated with lower CAC 
scores in age-adjusted models in males (Tobit ratio 
for African–Americans vs whites: 0.14 [95% CI: 
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0.08–0.24; p < 0.001]) and females (Tobit ratio 
0.26 [95% CI: 0.09–0.77; p = 0.015]) [7]. In 
another study carried out on 200 male partici-
pants, ethnic differences in the rates of CAC pro-
gression over 4 years were evaluated. Significant 
CAC progression (increase equal or more than 
15% per year) was observed in 43.5% of all par-
ticipants. Prevalence and extent of CAC were 
significantly lower in African-American partici-
pants but the incidence of CAC progression was 
similar to whites [8].

Physical activity (PA) was not a strong predic-
tor but showed that it does affect CAC severity 
to some extent. In a study on patients with two 
or more metabolic risk factors, it was shown that 
long-duration PA had an independent inverse 
association with advanced CAC [9]. However, 
in another study on 443 participants no rela-
tion between PA and CAC scores was shown 
to exist [10].

In addition, some other factors such as edu-
cation level, discrimination experiences and 
uric acid (UA) levels seem to independently 
predict presence and severity of CAC. A study 
on 571 cases older than 45 years without his-
tory of CAD revealed that the odds of having 
CAC were approximately three-times higher for 
those experiencing discrimination (OR: 2.95; 
95% CI: 1.19–7.32) after adjusting for age, gen-
der, race/ethnicity, education, BMI, hyperlipid-
emia, smoking status, hypertension, diabetes and 
a first degree relative with heart disease. Again, 
this study seemed to confirm that participants 
with CAC had the following traits: were older, 
male, white, had higher BMI, smoked, were dia-
betic, hypertensive, had hyperlipidemia and had 
a first degree relative with heart disease (p < 0.05 
for all variables), compared with participants 
without calcification [11].

To examine the association of education 
with CAC, a population-based, prospective, 
observational study (Coronary Artery Risk 
Development in Young Adults) on 2913 partici-
pants with an overall CAC prevalence of 9.3% 
revealed that after adjusting for age, race and 
gender, the ORs for having CAC were lower 
among participants with higher level of educa-
tion. Even after adjustment for baseline systolic 
blood pressure, smoking, waist circumference, 
PA and total cholesterol, ORs still remained 
strong and significant [12].

A study on 371 asymptomatic men showed 
that after controlling for age, PA, smoking 

and metabolic syndrome, a high UA level was 
independently associated with the presence of 
CAC (p = 0.043) and with higher levels of CAC 
(p = 0.028). Also, in patients with metabolic 
syndrome, independent from age, smoking, PA 
and white blood cell count, high levels of UA 
were strongly associated with the presence and 
the higher level of CAC (OR: 3.47; 95% CI: 
1.26–9.53; p = 0.01 and OR: 2.74; 95% CI: 
1.15–6.50; p = 0.02, respectively). Conversely, 
there were no significant associations of high 
UA levels in patients without the metabolic 

Box 1. Risk factors that correlate with 
presence and severity of coronary artery 
calcium.

Factors that correlate with presence of CAC
�� Clinical

ūū Older age
ūū Male gender 
ūū White race
ūū High blood pressure 
ūū Smoking
ūū Higher BMI
ūū Discrimination experience
ūū Lower education level

�� Laboratory
ūū Diabetes
ūū Dyslipidemia
ūū Renal failure
ūū Higher uric acid 
ūū Insulin resistance
ūū Vitamin D deficiency
ūū Low serum fetuin A in renal failure
ūū Epicardial fat volume

Factors that correlate with more severe CAC
�� Clinical 

ūū Male gender
ūū Older age
ūū White race
ūū Higher blood pressure
ūū Positive family history for CAD
ūū Abdominal obesity
ūū Lower physical activity in the presence of at 

least two metabolic risk factors
�� Laboratory

ūū Dyslipidemia
ūū Diabetes
ūū Higher uric acid level
ūū Level of IL-6, IL-8 and IL-13
ūū Abdominal visceral fat

CAC: Coronary artery calcium; CAD: Coronary artery disease.
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syndrome [13]. Another study on 1107 partici-
pants revealed that UA was associated with CAC 
presence and quantity (after adjustment for age 
and gender) [14]. In another study carried out on 
2498 participants, prevalence of CAC increased 
with an increase in UA level, each unit increase 
in UA was associated with a 22% increase in 
Agatston score (p = 0.008) after adjusting for 
the above covariates [15].

According to a systematic review in 2008, 
most studies evaluating inflammatory mark-
ers and CAC demonstrated either a weak or no 
relationship [16]. Those that reported a weak 
relationship found that this association was lost 
after correction for obesity and BMI, and did not 
show any predictive benefits for future CAD for 
inflammatory markers such as C-reactive protein 
once the CAC score was known. However, based 
on some recent studies, vitamin D and cytokines 
IL-6, IL-8 and IL-13 correlate significantly with 
prevalence and severity of CAC by multivariate 
analysis [17,18].

CAC score is correlated with presence 
& severity of CAD
There is a difference between absolute predic-
tive value and additive predictive value of a 
test. In multiple population studies, it has been 
established that even small changes in CAC 
score affect the possibility of CAD presence, its 
severity and related events, incrementally and 
independently to FRS. 

�� Zero CAC versus non-zero
It has been shown that zero CAC versus non-
zero CAC is associated with less CAD. A recently 
published study on 10,037 symptomatic patients 
without CAD who underwent concomitant CT 
coronary angiography (CTCA) and CAC scor-
ing revealed that 84% of patients with zero CAC 
score had no CAD, 13% had nonobstructive 
stenosis and 3.5% had ≥50% stenosis and only 
1.4% had ≥70% stenosis on CTCA [19] This 
shows that even among symptomatic persons, 
CAC rules out obstructive CAD with 98.6% 
sensitivity. A zero CAC score in asymptomatic 
patients largely rule outs presence of significant 
CAD and predicts lower events and mortal-
ity. In a study carried out on 44,052 asymp-
tomatic participants, 19,898  patients (45%) 
had no CAC. After adjustment for traditional 
risk factors the hazard ratio (HR) for all-cause 
mortality among a CAC score of 1–10 versus a 

zero CAC score was 1.99 (95% CI: 1.44–2.75). 
They also found that the absence of CAC 
predicts excellent survival with 10‑year event 
rates of approximately 1% [20]. Even a minimal 
increase in CAC score significantly changes the 
risk of future cardiovascular events. In another 
study done on 3923 patients, with zero and <10 
CAC scores, it has been revealed that during 
the 4-year follow-up period, patients with CAC 
scores of 1–10 had over a threefold increase in 
cardiovascular events compared with patients 
with a zero CAC score. (HR: 3.66; 95% CI: 
1.71–7.85) [21].

�� Combination of CAC & Framingham 
Risk Scores
Patients, who are on the extremes of the FRS 
scale, having very low or very high pretest 
probabilities for CAD, may benefit less from 
a CAC scan. However, CAD in intermedi-
ate FRS group is less predictable and adding 
CAC score as an independent factor makes a 
very powerful model. A study on 5933 asymp-
tomatic participants revealed that adding CAC 
scores to the FRS (age, sex, systolic blood pres-
sure, treatment of hypertension, total and high-
density lipoprotein cholesterol levels, smok-
ing and diabetes) improved the accuracy of 
risk predictions for CAD (c-statistic increase: 
0.05 [95% CI: 0.02–0.06]; net reclassification 
index: 19.3% overall [39.3% in those at inter-
mediate risk, by FRS]) [22]. Based on another 
study conducted on 1461  asymptomatic par-
ticipants, HR for coronary death and nonfatal 
myocardial infarction differs for the same CAC 
scores among a population with different FRS, 
and also changes for the same FRS with differ-
ent CAC scores. Among patients with zero CAC 
score, HR increased from 1 to 3.4 and 7.8 for 
patients with <10, 16–20 and >20 FRS, respec-
tively. Similarly, among the patients with FRS 
<10, patients with zero CAC score (HR: 1) have 
a lower HR compared with patients with CAC 
score >300 (HR: 4.6). Among patients with FRS 
of 10–15, 16–20 and >20, HR increased signifi-
cantly from 1 to 4.6, 1 to 17.6, 3.4 to 8.9 and 
7.2 to 19.1, respectively. Based on these data, 
adding CAC score to FRS has changed the HR 
in the 10–15 FRS group more than other groups 
and this may indicate that the predictive value 
of CAC score for future events in patients with 
low intermediate FRS (10–15) is more than for 
other subgroups [23].
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�� CAC score in asymptomatic versus 
symptomatic patients
Although zero CAC score could be presented as 
a marker of no CAD, the sensitivity and specific-
ity, positive predictive value (PPV) and negative 
predictive value (NPV) are significantly different 
in symptomatic versus asymptomatic patients. In 
one study carried out on 210 consecutive patients 
that were referred for CAC and CTA, none of 
the asymptomatic patients with zero CAC score 
had CAD. In this group of patients, sensitivity, 
specificity, PPV and NPV of CAC for detection 
of obstructive CAD were 1.00 (0.66–1.00), 
0.32 (0.21–0.45), 0.18 (0.10–0.31) and 1.00 
(0.80–1.00), respectively (p = 0.05). However, 
sensitivity, specificity, PPV and NPV of CAC 
in the symptomatic population for detection 
of obstructive CAD were 0.86 (0.66–0.95), 
0.42 (0.33–0.52), 0.28 (0.19–0.39) and 0.92 
(0.8–0.97), respectively (p = 0.007). This dif-
ference between symptomatic and asymptomatic 
groups was significant (p = 0.005) [24]. In another 
study, 2115 consecutive symptomatic patients 
were evaluated undergoing cardiac catheteriza-
tion with no prior diagnosis of CAD. For any 
CAC present, the overall sensitivity was 99% for 
obstructive angiographic disease. With calcium 
scores >100, the sensitivity to predict significant 
stenoses on angiography decreased to 87% and 
the specificity increased to 79% [25]. Along the 
same lines, a multicenter study on 230 symp-
tomatic patients showed that with CAC >0, 
>100 and >400, the sensitivities to predict ste-
nosis were 98, 88 and 60%, whereas the speci-
ficities were 42, 71 and 88%, respectively [26]. A 
large, multicenter study on 1851 symptomatic 
patients who underwent coronary angiography 
for clinical indications, demonstrated that the 
overall sensitivity was 95%, and specificity was 
66% for CAC score to predict obstructive dis-
ease on invasive angiography [27]. In a recently 
published study, it was shown that among 
447 symptomatic patients approximately 10% 
of those with zero CAC score had noncalcified 
plaques and less than 1% had significant CAD. 
Patients with positive CT coronary angiography, 
compared with those with normal CT coronary 
angiography, had significantly higher mean age 
and higher pretest CAD probability (26 vs 34%; 
p < 0.0001) [28].

Based on these facts, a negative result in 
both asymptomatic and symptomatic patients 
strongly rules out CAD and predicts few future 

cardiovascular events. Furthermore, a high CAC 
score in a symptomatic patient is highly specific 
for CAD.

�� CAC score in acute coronary events 
The role of CAC score in acute cardiovascular 
events is under debate. In 97 consecutive patients 
with new-onset chest pain suggestive of an acute 
coronary syndrome, coronary artery calcium was 
present in 81.8% of patients with and in 15.6% 
of patients without CAD (p < 0.0001). The pres-
ence of CAC had 82% sensitivity, 84% specific-
ity, 73% PPV and 90% NPV for CAD diagnosis 
(OR: 24.3; 95% CI: 7.98–73.94) [29]. In another 
study, 263 patients with chest pain and low-to-
moderate probability of CAD underwent both 
conventional emergency department (ED) chest 
pain evaluation and CAC assessment prospec-
tively. In this double-blinded study it has been 
shown that 51% of patients had zero CAC score, 
and short-term and long-term cardiovascular 
events after discharge from ED and/or hospital, 
mostly happened among the patients with non-
zero CAC score. In the same line, 97% of patients 
with cardiac chest pain had evidence of CAC 
on their cardiac CTs. Conversely, patients with 
zero CAC score had more noncardiac chest pain. 
Only 1% of them experienced cardiac chest pain. 
Moreover, in the follow-up period, none of them 
had cardiac events [30]. However, in another study 
on 136 Korean patients who presented to the ED 
with acute chest pain and nondiagnostic ECG, 
92 patients out of 136 (68%) did not show detect-
able CAC, and 14 out of these 92 without CAC 
(15%) had ≥50% CAD on CTCA. Sensitivity, 
specificity, PPV and NPV of zero calcium score 
criteria for the detection of ≥50% CAD were 
0.66 (95% CI: 0.50–0.80), 0.83 (0.74–0.90), 
0.64 (0.48–0.77), 0.85 (0.75–0.91), respectively. 
A total of 45 patients (33%) were subsequently 
diagnosed as having acute coronary syndrome, 
and 38% of them had no CAC. They concluded 
that even in Asian patients older than 60 years 
old, zero CAC score did not necessarily guaran-
tee the absence of significant CAD [31]. Further 
investigation is needed to assess whether CAC 
score differentiate between cardiac and noncar-
diac pain and lead to a meaningful change in 
clinical outcomes in different races.

CAC score in renal failure
Chronic kidney disease (CKD) is associated with 
a larger atherosclerosis risk factor and higher 
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CVD and mortality rates. In fact, CVD is the 
leading cause of death in patients with end-stage 
renal disease. In 1908 participants who under-
went coronary calcium scanning as part of the 
multiethnic Chronic Renal Insufficiency Cohort 
Study, there was a strong and graded relationship 
between lower effective glomerular filtration rate 
and increasing CAC [32]. In another study on 
85 consecutive asymptomatic outpatients with 
chronic renal failure (CRF) without previous his-
tory of myocardial infarction, coronary bypass 
surgery, angioplasty or diabetes and 55 controls, 
CAC was found in 40% of patients and 13% of 
controls; CAC was already present in the early 
phase of CRF. The prevalence was greater in 
patients with CRF than in controls, but less than 
that reported in dialysis patients [33]. In hemodi-
alysis patients a cross-sectional study on 74 cases 
showed that duration of hemodialysis and hsCRP 
were two independent risk factors for CAC [34]. 
Another study of 46 dialysis patients showed 
that total CAC correlated with the number of 
diseased vessels (p = 0.0001), the severity of ath-
erosclerosis in all of the vessels (p = 0.0001) and 
was the strongest predictor of CAD [35]. CAC 
was most strongly influenced by elevated serum 
phosphorus and calcium–phosphorus product in 
a dialysis population. Hypertension, lipid profile 
and calcium intake did not affect CAC initiation 
or progression [36]. In a cross-sectional study of 
38 asymptomatic patients who were undergo-
ing chronic hemodialysis, a logistic regression 
analysis revealed that elevated concentrations of 
troponins (both T and I) were independently 
associated with severe CAC after adjusting for 
age, duration of dialysis, diabetes and previous 
cardiovascular events [37]. In addition, CAC is 
prevalent in renal recipients and is predictive of 
cardiovascular events and mortality. In a study 
on 97 CKD patients with and without kidney 
transplantation it has been shown that 43.8% 
of transplant recipients versus 16.7% of CKD 
without transplant kidneys had CAC (p < 0.001) 
[38]. In a prospective cohort of 112 asymptomatic 
renal transplant recipients, recipients with car-
diovascular events or death during the follow-up 
period compared with those without them had a 
higher mean and median CAC score. Cumulative 
survival rate was better among recipients with 
CAC score <100 [39].

Coronary calcification progression is com-
mon and predicts clinical outcomes in patients 
with CKD. A study showed that in hemodialysis 

patients, the median CAC increased by 1.27 ± 1.88 
score/days (p = 0.013). All patients with zero CAC 
score remained the same at follow-up. The dialysis 
patients who died during 15 months follow-up 
had a significantly higher CAC score at baseline 
compared with the patients who remained alive. 
Similarly, hospitalized patients had greater base-
line CAC score compare to those who were not 
hospitalized. In patients undergoing a renal trans-
plant, CAC score was more stable over the follow-
up time period [40]. A study on 31 kidney trans-
plant (KTR) patients showed that duration of 
pretransplantation dialysis treatment and smoking 
were identified as independent predictors of post-
transplantation CAC progression. Conversely, 
changes in calcium and phosphate levels were 
not associated with calcification [41]. Along the 
same lines, progression of CAC has been studied 
in 197 KTR patients after 4.40 ± 0.28 years. By 
multivariable linear regression, higher baseline 
CAC score, history of cardiovascular event, use 
of a statin, and lower 25-hydroxyvitamin D

3
 level 

were independent determinants of CAC progres-
sion [42]. Another study carried out on 56 patients 
revealed that CAC had significantly progressed 
in hemodialysis patients during the 15-month 
observation period. Microinflammation was 
the only independent risk factor for CAC pro-
gression in hemodialysis patients [43]. A study 
of 83  KTR patients who were followed-up 
prospectively during 1 year revealed that CAC 
diminished in 14.5%, stabilized in 59.2% and 
progressed in 26.3% of patients. Post-transplant 
CAC progression was predicted by baseline CAC 
score [44].

Correlations between CAC with mineral 
metabolism and inf lammatory markers are 
under investigation. A study of 53 patients on 
chronic hemodialysis revealed that the mean 
CAC score of patients with cardiac events 
(2568.5 ± 2575.1 mm3) was significantly higher 
than that of patients without cardiac events 
(258.0 ± 409.2 mm3). They did not find a sig-
nificant correlation between CAC score and 
parameters of mineral metabolism, such as serum 
levels of calcium, phosphorus and parathyroid 
hormone [45]. However, some other studies sug-
gested a correlation between progression of CAC 
in CKD and medication, level of phosphorus 
and some inflammatory markers. In a study on 
40 hemodialysis patients, the time-integrated 
levels of C-reactive protein, phosphorus and 
calcium-x phosphorus product were positively 
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correlated with progression of the CAC score 
but did not correlate with the levels of fetuin-A 
or lipid parameters [46]. Progression of vascular 
and cardiac valve calcification was studied in 
360 adult hemodialysis patients with secondary 
hyperparathyroidism treated with either cina-
calcet plus low-dose vitamin D or flexible doses 
of vitamin D sterols alone. In this study, cina-
calcet plus low-dose vitamin D sterols attenu-
ated vascular and cardiac valve calcification [47]. 
In 49 peritoneal dialysis, the logistic regression 
revealed that the independent determinants of 
CAC were age (OR: 1.12; p = 0.006) and number 
of prescribed antihypertensive drugs (OR: 2.38; 
p = 0.048). When the population was stratified 
by calcium score quartile, soluble Fas levels were 
significantly higher in patients with severe cal-
cification. In patients younger than 45 years of 
age, CAC correlated positively with phosphorus 
levels (r = 0.52; p = 0.04) [48].

Effect of CAC scan on patient behavior, 
lifestyle & physician prescriptions
Results of a CAC scan highly affects patients’ 
behavior and also changes their physician rec-
ommendations. In one study conducted on 
980  asymptomatic patients after initial CAC 
scan, patients were followed-up for an addi-
tional 2–3  years. Aspirin initiation, dietary 
changes and exercise were lowest (29, 33 and 
44% in order) among those with CAC = 0, and 
gradually increased significantly with higher 
CAC scores [49]. In another study, 2137 patients 
divided on two scanned and nonscanned groups 
before CAD risk factors assessment were fol-
lowed up for 4 years to observe changes in risk 
factors and FRS. Favorable changes in systolic 
blood pressure (p = 0.02), low-density lipopro-
tein cholesterol (p = 0.04) and waist circumfer-
ence for those with increased abdominal girth 
(p = 0.01), and tendency towards weight loss 
among overweight participants (p = 0.07) were 
observed in the scan group compared with the 
no-scan group. In the no-scan group, mean FRS 
rose while FRS remained the same in the scan 
group (0.7 ± 5.1 vs 0.002 ± 4.9; p = 0.003). 
Patients with increased CAC score among the 
scan group, exhibit improvement in systolic and 
diastolic blood pressure (p < 0.001), total choles-
terol (p < 0.001), low-density lipoprotein choles-
terol (p < 0.001), triglycerides (p < 0.001), weight 
(p < 0.001) and FRS (p = 0.003). In the scan 
group, downstream medical testing and costs 

were comparable to those of the no-scan group, 
with lower resource utilization for subjects with 
normal CAC scans [50,51].

Current directions for CAC utilization
The most common utilization of CAC for 
a practitioner is in the setting of intermedi-
ate cardiovascular risk, or those patients with 
either borderline cholesterol values or family 
history of premature CAD. Too often, family 
history is dismissed based on environmental 
factors (i.e., “my father had a heart attack, but 
he smoked cigarettes”). The use of CAC testing 
is ideal to see if the patient at hand has ath-
erosclerosis, and if so, may have inherited the 
‘gene’. Similarly, those patients with borderline 
cholesterol values are ideal candidates for athero-
sclerosis testing. Those with negative studies can 
continue on lifestyle management, while those 
with elevated scores can be given medical ther-
apy. Even the National Cholesterol Education 
Panel guidelines support the use of CAC testing 
in this environment, stating that “measurement 
of coronary calcium is an option for advanced 
risk assessment in appropriately selected per-
sons. In persons with multiple risk factors, high 
coronary calcium scores (e.g., >75th percentile 
for age and sex) denote advanced coronary ath-
erosclerosis and provide a rationale for intensi-
fied low-density lipoprotein lowering therapy. 
Moreover, measurement of coronary calcium is 
promising for older persons in whom the tradi-
tional risk factors lose some of their predictive 
power” [52].

Conclusion
FRS as an office-based cardiovascular risk assess-
ment tool only covers 65% of cardiovascular 
events. Based on many studies, CAC score in 
combination with FRS produces a higher predic-
tive value. However, this additive value is highest 
among patients with intermediate FRS. The only 
prospective clinical trial using CAC testing in this 
capacity is the EISNER study, which demon-
strated improvement in multiple biomarkers but 
was not powered for outcomes [50]. A zero CAC 
score predicts a better cardiovascular outcome 
among all groups, and strongly rules out presence 
and severity of CAD in asymptomatic patients. 
A small increase in CAC score is associated with 
higher risk of cardiovascular events in all cohorts 
studied, both asymptomatic and symptomatic, 
both stable and acute coronary syndrome. In 
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CKD, in addition to other risk factors, CAC is 
affected by change in mineral metabolism but 
still showed an important predictive role for 
future cardiovascular events. CAC scores have 
been shown to positively affect patients’ lifestyle 
and physician recommendations. However, we 
still need more studies regarding the combina-
tion of CAC score with other predictive tools 
such as FRS, epicardial fat volume (which can be 
measured by the same CT scan applied for CAC 
score) and new biomarkers to find the best algo-
rithms for clinical use for prediction of subclinical 
atherosclerosis, as well as the presence of high-risk 
plaques and future cardiovascular events. 

Acknowledgement
The authors appreciate the help of Sogol Pahlevan with 
editing of this manuscript.

Financial & competing interests disclosure
The authors have no relevant affiliations or financial 
involvement with any organization or entity with a finan-
cial interest in or financial conflict with the subject matter 
or materials discussed in the manuscript. This includes 
employment, consultancies, honoraria, stock ownership or 
options, expert testimony, grants or patents received or 
pending, or royalties.

No writing assistance was utilized in the production of 
this manuscript.

References
Papers of special note have been highlighted as:
n	 of interest
n  n	 of considerable interest

1	 Voros S, Rivera JJ, Berman DS, Blankstein R, 
Budoff MJ et al. Guideline for minimizing 
radiation exposure during acquisition of 
coronary artery calcium scans with the use of 
multidetector computed tomography: a report 
by the Society for Atherosclerosis Imaging 
and Prevention Tomographic Imaging and 
Prevention Councils in collaboration with the 
Society of Cardiovascular Computed 
Tomography. Society for Atherosclerosis 
Imaging and Prevention Tomographic 
Imaging and Prevention Councils; Society of 
Cardiovascular Computed Tomography. 
J. Cardiovasc. Comput. Tomogr. 5(2), 75–83 
(2011).

2	 Okwuosa TM, Greenland P, Lakoski SG et al. 
Factors associated with presence and extent of 
coronary calcium in those predicted to be at 
low risk according to Framingham risk score 
(from the Multi-Ethnic Study of 
Atherosclerosis). Am. J. Cardiol. 107(6), 
879–885 (2011).

3	 Pletcher MJ, Tice JA, Pignone M et al. What 
does my patient’s coronary artery calcium 
score mean? Combining information from the 
coronary artery calcium score with 
information from conventional risk factors to 
estimate coronary heart disease risk. BMC 
Med. 2, 31 (2004).

4	 Lambrechtsen J, Gerke O, Egstrup K et al. 
The relation between coronary artery 
calcification in asymptomatic subjects and 
both traditional risk factors and living in the 
city centre: a DanRisk substudy. J. Intern. 
Med. 271(5), 444–450 (2012).

5	 Lai HM, Holtzman D, Aronow WS et al. 
Association of coronary artery calcium with 
severity of myocardial ischemia in left anterior 

descending, left circumflex, and right 
coronary artery territories. Clin. Cardiol. 
35(1), 61–63 (2012).

6	 Okwuosa TM, Greenland P, Burke GL et al. 
Prediction of coronary artery calcium 
progression in individuals with low 
Framingham Risk Score: the Multi-Ethnic 
Study of Atherosclerosis. JACC Cardiovasc. 
Imaging 5(2), 144–153 (2012).

7	 Wade AN, FedynaS, Mehta NN et al. Type 2 
diabetes does not attenuate racial differences 
in coronary calcification. Diabetes Res. Clin. 
Pract. 91(1), 101–107 (2011).

8	 Taylor AJ, Wu H, Bindeman J et al. 
Comparison of coronary artery calcium 
progression in African American and white 
men. J. Cardiovasc. Comput. Tomogr. 3(2), 
71–77 (2009).

9	 Desai MY, Nasir K, Rumberger JA et al. 
Relation of degree of physical activity to 
coronary artery calcium score in 
asymptomatic individuals with multiple 
metabolic risk factors. Am. J. Cardiol. 94(6), 
729–732 (2004).

10	 Hamer M, Venuraju SM, Lahiri A et al. 
Objectively assessed physical activity, 
sedentary time, and coronary artery 
calcification in healthy older adults. 
Arterioscler. Thromb. Vasc. Biol. 32(2), 
500–505 (2012).

11	 Cardarelli R, Cardarelli KM, Fulda KG et al. 
Self-reported racial discrimination, response 
to unfair treatment, and coronary 
calcification in asymptomatic adults – the 
North Texas Healthy Heart study BMC 
Public Health 10, 285 (2010).

12	 Yan LL, Liu K, Daviglus ML et al. Education, 
15-year risk factor progression, and coronary 
artery calcium in young adulthood and early 
middle age: the Coronary Artery Risk 
Development in Young Adults study. JAMA 
295(15), 1793–1800 (2006).

n  n	 Showed the long-term follow-up results of 
patients with coronary artery calcium (CAC) 
score.

13	 Santos RD, Nasir K, Orakzai R et al. Relation 
of uric acid levels to presence of coronary 
artery calcium detected by electron beam 
tomography in men free of symptomatic 
myocardial ischemia with versus without the 
metabolic syndrome. Am. J. Cardiol. 99(1), 
42–45 (2007).

14	 Coutinho T de A, Turner ST, Peyser PA et al. 
Associations of serum uric acid with markers 
of inflammation, metabolic syndrome, and 
subclinical coronary atherosclerosis. Am. 
J. Hypertens. 20(1), 83–89 (2007).

15	 Krishnan E, Pandya BJ, Chung L et al. 
Hyperuricemia and the risk for subclinical 
coronary atherosclerosis – data from a 
prospective observational cohort study. 
Arthritis Res. Ther. 13(2), R66 (2011).

16	 Hamirani YS, Pandey S, Rivera JJ et al. 
Markers of inflammation and coronary artery 
calcification: a systematic review. 
Atherosclerosis 201(1), 1–7 (2008).

17	 Young KA, Snell-Bergeon JK, Naik RG et al. 
Vitamin D deficiency and coronary artery 
calcification in subjects with Type 1 diabetes. 
Diabetes Care 34(2), 454–458 (2011).

18	 Raaz-Schrauder D, Klinghammer L, Baum C 
et al. Association of systemic inflammation 
markers with the presence and extent of 
coronary artery calcification. Cytokine 57(2), 
251–257 (2012).

19	 Villines TC, Hulten EA, Shaw LJ et al. 
Registry Investigators. Prevalence and severity 
of coronary artery disease and adverse events 
among symptomatic patients with coronary 
artery calcification scores of zero undergoing 
coronary computed tomography angiography: 
results from the CONFIRM (Coronary CT 
Angiography Evaluation for Clinical 



563future science group www.futuremedicine.com

Importance of coronary artery calcium score in clinical practice | Review

Outcomes: An International Multicenter) 
registry. J. Am. Coll. Cardiol. 58(24), 
2533–2540 (2011).

n  n	 Published results of large size clinical trial 
regarding CAC score in symptomatic 
patients including follow-up outcome data.

20	 Blaha M, Budoff MJ, Shaw LJ et al. Absence 
of coronary artery calcification and all-cause 
mortality. JACC Cardiovasc. Imaging 2(6), 
692–700 (2009).

n  n	 Showed the importance of zero CAC score in 
clinical practice.

21	 Budoff MJ, McClelland RL, Nasir K et al. 
Events with absent or minimal coronary 
calcification: the Multi-Ethnic Study of 
Atherosclerosis (MESA). Am. Heart J. 158(4), 
554–561 (2009).

22	 Kavousi M, Elias-Smale S, Rutten JH et al. 
Evaluation of newer risk markers for coronary 
heart disease risk classification: a cohort 
study. Ann. Intern. Med. 156(6), 438–444 
(2012).

23	 Greenland P, LaBree L, Azen SP, Doherty 
TM, Detrano RC. Coronary artery calcium 
score combined with Framingham score for 
risk prediction in asymptomatic individuals. 
JAMA 291(2), 210–215 (2004).

24	 Akram K, O’Donnell RE, King S, Superko 
HR, Agatston A, Voros S. Influence of 
symptomatic status on the prevalence of 
obstructive coronary artery disease in patients 
with zero calcium score. Atherosclerosis 203(2), 
533–537 (2009).

25	 Greenland P, Bonow RO, Brundage BH et al. 
ACCF/AHA 2007 clinical expert consensus 
document on coronary artery calcium scoring 
by computed tomography in global 
cardiovascular risk assessment and in 
evaluation of patients with chest pain: a report 
of the American College of Cardiology 
Foundation Clinical Expert Consensus Task 
Force (ACCF/AHA Writing Committee to 
Update the 2000 Expert Consensus Document 
on Electron Beam Computed Tomography). 
Circulation 115(3), 402–426 (2007).

n  n	 A documented clinical expert consensus on 
CAC scoring and risk assessment in 2007.

26	 Budoff MJ, Jollis JG, Dowe D, Min J; for the 
VCT Study Group. Diagnostic accuracy of 
coronary artery calcium for obstructive 
disease: results from the ACCURACY trial. 
Int J. Cardiol. doi:org/10.1016/j.
ijcard.2011.11.031 (2011) (Epub ahead of 
print).

n  n	 Comes from a clinical trial and revealed 
diagnostic accuracy rate of CAC scoring.

27	 Budoff MJ, Diamond GA, Raggi P et al. 

Continuous probabilistic prediction of 
angiographically significant coronary artery 
disease using electron beam tomography. 
Circulation 105(15), 1791–1796 (2002).

28	 Koulaouzidis G, Charisopoulou D, Jenkins 
PJ, Koulaouzidis A, McArthur T. Prevalence 
of noncalcified coronary plaque in patients 
with calcium score of 0: the silent enemy. 
Angiology doi:10.1177/0003319712440618 12 
(2012) (Epub ahead of print).

n	 Discussed cases with zero CAC score that 
had noncalcified coronary artery plaques 
(false-negative CAC score results for 
coronary artery disease).

29	 Alexopoulos D, Stathopoulos C, Kotrsaridis 
A, Chiladakis J, Hahalis G. Coronary artery 
calcium by digital cinefluoroscopy in patients 
with pain suggestive of an acute coronary 
syndrome. Clin. Cardiol. 28(2), 81–84 (2005).

30	 Laudon DA, Behrenbeck TR, Wood CM 
et al. Computed tomographic coronary artery 
calcium assessment for evaluating chest pain 
in the emergency department: long-term 
outcome of a prospective blind study. Mayo 
Clin. Proc. 85(4), 314–322 (2010).

n  n	 Revealed results of a prospective long-term 
follow-up and the role of CAC score in 
emergency department.

31	 Yoon YE, Chang SA, Choi SI et al. The 
absence of coronary artery calcification does 
not rule out the presence of significant 
coronary artery disease in Asian patients with 
acute chest pain. Int. J. Cardiovasc. Imaging 
28(2), 389–398 (2012).

32	 Budoff MJ, Rader DJ, Reilly MP et al.; CRIC 
Study Investigators. Relationship of estimated 
GFR and coronary artery calcification in the 
CRIC (Chronic Renal Insufficiency Cohort) 
Study. Am. J. Kidney Dis. 58(4), 519–526. 
(2011).

33	 Russo D, Palmiero G, De Blasio AP, Balletta 
MM, Andreucci VE. Coronary artery 
calcification in patients with CRF not 
undergoing dialysis. Am. J. Kidney Dis. 44(6), 
1024–1030 (2004).

34	 Ohtake T, Ishioka K, Honda K et al. Impact 
of coronary artery calcification in 
hemodialysis patients: risk factors and 
associations with prognosis. Hemodial. Int. 
14(2), 218–225 (2010).

35	 Haydar AA, Hujairi NM, Covic AA, Pereira 
D, Rubens M, Goldsmith DJ. Coronary 
artery calcification is related to coronary 
atherosclerosis in chronic renal disease 
patients: a study comparing EBCT-generated 
coronary artery calcium scores and coronary 
angiography. Nephrol. Dial. Transplant. 
19(9), 2307–2312 (2004).

36	 Patsalas S, Eleftheriadis T, Spaia S et al. 
Thirty-month follow-up of coronary artery 
calcification in hemodialysis patients: 
different roles for inflammation and 
abnormal calcium-phosphorous 
metabolism? Ren. Fail. 29(5), 623–629 
(2007).

37	 Jung HH, Ma KR, Han H. Elevated 
concentrations of cardiac troponins are 
associated with severe coronary artery 
calcification in asymptomatic haemodialysis 
patients. Nephrol. Dial. Transplant. 19(12), 
3117–3123 (2004).

38	 Simic-Ogrizovic S, Bogavac-Stanojevic N, 
Vuckovic M et al. Risk factors associated 
with coronary artery calcification should be 
examined before kidney transplantation. 
Tohoku J. Exp. Med. 226(2), 137–144 
(2012).

39	 Roe P, Wolfe M, Joffe M, Rosas SE. 
Inflammation, coronary artery calcification 
and cardiovascular events in incident renal 
transplant recipients. Atherosclerosis 212(2), 
589–594 (2010).

40	 Moe SM, O’Neill KD, Reslerova M, Fineberg 
N, Persohn S, Meyer CA. Natural history of 
vascular calcification in dialysis and 
transplant patients. Nephrol. Dial. Transplant. 
19(9), 2387–2393 (2004).

41	 Oschatz E, Benesch T, Kodras K, Hoffmann 
U, Haas M. Changes of coronary calcification 
after kidney transplantation. Am. J. Kidney 
Dis. 48(2), 307–313 (2006).

42	 Maréchal C, Coche E, Goffin E et al. 
Progression of coronary artery calcification 
and thoracic aorta calcification in kidney 
transplant recipients. Am. J. Kidney Dis. 
59(2), 258–269 (2012).

43	 Ohtake T, Ishioka K, Honda K et al. Impact 
of coronary artery calcification in 
hemodialysis patients: risk factors and 
associations with prognosis. Hemodial. Int. 
14(2), 218–225 (2010).

44	 Bargnoux AS, Dupuy AM, Garrigue V et al. 
Evolution of coronary artery calcifications 
following kidney transplantation: relationship 
with osteoprotegerin levels. Am. J. Transplant. 
9(11), 2571–2579 (2009).

45	 Nitta K, Akiba T, Suzuki K et al. Assessment 
of coronary artery calcification in 
hemodialysis patients using multi-detector 
spiral CT scan. Hypertens. Res. 27(8), 
527–533 (2004).

46	 Jung HH, Kim SW, Han H. Inflammation, 
mineral metabolism and progressive 
coronary artery calcification in patients on 
haemodialysis. Nephrol. Dial. Transplant. 
21(7), 1915–1920 (2006).



Clin. Pract. (2012) 9(5)564 future science group

Review | Darabian, Rezaeian, Latif, Hormoz Diaran & Budoff

47	 Raggi P, Chertow GM, Torres PU et al.; 
ADVANCE Study Group. The ADVANCE 
study: a randomized study to evaluate the 
effects of cinacalcet plus low-dose vitamin D 
on vascular calcification in patients on 
hemodialysis. Nephrol. Dial. Transplant. 
26(4), 1327–1339 (2011).

48	 Ammirati AL, Dalboni MA, Cendoroglo M, 
Draibe SA, Fernandes Canziani ME. 
Coronary artery calcification, systemic 
inflammation markers and mineral 
metabolism in a peritoneal dialysis 
population. Nephron Clin. Pract. 104(1), 
C33–C40 (2006).

49	 Orakzai RH, Nasir K, Orakzai SH et al. Effect 
of patient visualization of coronary calcium by 
electron beam computed tomography on 
changes in beneficial lifestyle behaviors. 
Am. J. Cardiol. 101(7), 999–1002 (2008).

n	 Showed the effect of CAC score assessment 
on patients’ lifestyles.

50	 Rozanski A, Gransar H, Shaw LJ et al. Impact 
of coronary artery calcium scanning on 
coronary risk factors and downstream testing 
the EISNER (Early Identification of Subclinical 
Atherosclerosis by Noninvasive Imaging 
Research) prospective randomized trial. J. Am. 
Coll. Cardiol. 57(15), 1622–1632 (2011).

51	 Lehmann N, Paul A, Moebus S, Budde T, 
Dobos GJ, Michalsen A. Effects of lifestyle 
modification on coronary artery calcium 
progression and prognostic factors in coronary 
patients – 3-year results of the randomized 
SAFE-LIFE trial. Atherosclerosis 219(2), 
630–636 (2011).

52	 Expert Panel on Detection, Evaluation, and 
Treatment of High Blood Cholesterol in 
Adults. Executive Summary of the Third 
Report of the National Cholesterol Program 
(NCEP) Expert Panel on detection, evaluation 
and treatment of high blood cholesterol in 
adults (Adult Treatment Panel III). JAMA 
285(19), 2486–2497 (2001).


