
The role of coronary artery 
calcium score on the detection 
of subclinical atherosclerosis in 

metabolic diseases
Eun-Jung Rhee

Department of Endocrinology and Metabolis
Kangbuk Samsung Hospital

Sungkyunkwan University School of Medicine



The History of Atherosclerosis



Contents

• Vascular calcification
• How to measure CAC?
• MESA and HNR cohort
• Association of risk factors and CAC
• CAC and diabetes
• Modification of CAC?
• Candidate for CACS testing



Atherosclerotic vs. medial arterial calcification

Thompson B et al. Nat Rev Endocrinol, 2012



Consequences of arterial stiffening and 
impaired Windkessel physiology

� During systole, some kinetic energy is stored as potential energy in the 
elastic conduit arteries for the coronary perfusion and smooth distal 
capillary perfusion during diastole

� With arteriosclerotic stiffening, less potential energy is stored during systole, 
giving rise to impaired, pulsatile and erratic flow during diastole 

Thompson B et al. Nat Rev Endocrinol, 2012



Graph showing square-root sum of coronary calcium areas (mm) by electron-beam computed 
tomography vs square-root sum of atherosclerotic plaque areas (mm) for each of the 

individual coronary arteries studied (n=38). 

Rumberger J A et al. Circulation 1995;92:2157-2162
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CAC scoring may be able to globally define a patient’s CHD 

event risk by virtue of its strong association with “total 

coronary atherosclerotic disease burden”



How to measure CACS?



Development of coronary arteriosclerosis and 
detection methods

Erbel et al. Eur Heart J, 2012



What is CAC score?
• A validated marker for cardiovascular risk and currently 

regarded as a feasible surrogate marker for screening of 
coronary artery disease

• Electron beam computed tomography (EBCT) and 
multidetector computed tomography (MDCT) have been 
used in quantification of CAC

• Compared to EBCT, MDCT have the advantage of higher 
spatial resolution and less noise, while EBCT has less motion 
artifacts and lower radiation

• Scanned in a prospectively ECG-triggered mode with 2.5-
3.0mm thick axial slices

• Radiation dose is low, with typical effective dose of 
approximately 1.0mSv (about the same dose of radiation of 
1.5 screening mammograms performed)



Agatston Score

• Calcium density multiplied with the area of the plaque 
using 3 or 4 pixels and the detection threshold of 130 IU 
Hounsfield for differentiation between calcium and 
surrounding tissue structures

Adapted from Cademartiri F et al., 2012



Principle of calculating the Agatston score

Erbel R et al. Heart, 2007



Multi-Ethnic Study of 
Atherosclerosis (MESA) and Heinz 
Nixdorf Recall (HNR) study groups



Multi-Ethnic Study of 
Atherosclerosis (MESA)

• A prospective observational study of the 
characteristics of subclinical cardiovascular disease 
(disease detected non-invasively before it has 
produced signs and symptoms) that predict 
progression to clinically overt cardiovascular 
disease in a diverse and representative population-
based sample of men and women aged 35-84.

• CACS, cardiac MRI, FMD, carotid IMT, ABI, ECG and 
other metabolic parameters from 2000-2002, 3 
subsequent exam of the cohort between 2002 and 
2007

• White (38%), African-American (28%), Hispanic 
(22%), Chinese American (12%) 



CAC as a predictor of coronary 
event - MESA

In 6722 subjects in MESA, followed up for a median of 3.8 
years

Detrano R et al. NEJM, 2008





Relative risks and 95% CIs of CAC 
categories

Erbel E et al. JACC, 2010



Prevalence of CACS

• Age-dependent
• Gender differences; In women, CAC develops 10-15 years later in life 

than in men, the amount 5-7 times lower at any given age

• In HNR study (n=4487, 45-75 years), more than 20% of men have 
CAC>100 and up to 8% CAC >1000

• The prevalence of higher degrees of CAC is much lower in women
• Totally, 82% of men and 55% of women demonstrated CAC



Mean CACS according to age groups in 24,063 
Korean participants in Health Screening Program 

Rhee eJ et al. Plos ONE, 2013



Ethnic differences in coronary 
calcification in MESA

Bild DE et al. Circulation, 2005



Association of risk factors and 
coronary artery calcification



Factors associated with the incidence 
and/or progression of CAC from MESA

Kovacic JC et al. JACC Cardiovasc Imag, 2012



Early adult risk factor levels and subsequent 
coronary artery calcification

In CARDIA study, in 3043 US citizens aged 18-30y, risk factors measured 
at 0,2,5,7,10 and 15, as CAC assessed at 15 years

Loria CM et al. JACC, 2007



Risk factors for coronary artery 
calcification: The Rotterdam Study

Odink AE et al. J Human Hypertension, 2010



Smoking cessation and subclinical 
atherosclerosis-HNR study

Cumulative 5-yeasr survival comparing 
observed age with calcium-adjusted age 
estimates

Jockel KH et al. Atherosclerosis, 2009
Shaw LJ et al. Atherosclerosis, 2006



Blood pressure and CACS

In 483 normotensive subjects 
followed up for 7 years

Grossman C et al. Am J Hypertens, 2013
Mayer B et al. J Hypertens, 2007



Relationship of eGFR and CAC

In 1908 participants in Chronic Renal 
Insufficiency Cohort (CRIC) study, CACS 
were analyzed with eGFR

Budoff MJ et al. AJKD, 2011



Family history of premature coronary heart 
disease and coronary artery calcification

In 5347 asymp subjects in MESA study

Nasir K et al. Circulation, 2007



Waist-hip ratio is a significant predictor for 
coronary artery calcification in healthy Koreans

In 945 participants in medical check-up program (mean age 49 
years), body composition analyses done with BIA methods Yu JH et al. EnM, 2013



Metabolic Health Is More Closely Associated with

Coronary Artery Calcification than Obesity

• In 24063 participants in Kangbuk Samsung Health Study, multi-detector 

computed tomography (MDCT) for coronary calcium scoring was undertaken 

by 64-slice spiral computed tomography scan.

• Being metabolically healthy was defined by satisfying less than 2 components 

among 6 metabolic factors (high TG, low HDL-C, high FBS, high BP, hs-CRP ≥

0.2mg/L and being in the highest  decile of HOMA-IR) 

– MHNO (metabolically healthy non-obese): Metabolically healthy & BMI 

<25 kg/m2

– MHO (metabolically healthy obese): Metabolically healthy & BMI ≥25 

kg/m2

– MUHNO (metabolically unhealthy non-obese): Metabolically unhealthy & 

BMI <25 kg/m2

– MUHO (metabolically unhealthy obese): Metabolically unhealthy & BMI 

≥25 kg/m2



Metabolic Health Is More Closely Associated with
Coronary Artery Calcification than Obesity

Rhee EJ et al., Plos ONE, 2013



Power of Zero CAC

• Despite an excellent risk prediction related to 
the different levels of CAC, coronary events 
rarely occur in the presence of zero CAC…

“Myth of Zero CAC”

Joshi PH et al. J Nucl Cardiol, 2012



Diagnostic and prognostic value 
of absence of CAC

•A total of 13 studies were selected
•154 (0.47%) of 29312 pt without CAC had a CVD during a mean time of 4 years compared 
with 1749 (4.14%) of 42283 pt with CAC
•Sensitivity reached 98% and negative predictive value of 93% for significant CAD

Sarwar A et al. JACC Cardiovasc Imag, 2009



What is the “Warranty period” for 
remaining normal?

•In 422 individuals with normal CAC 
scan undergoing annual scanning for 5 
years
•Conversion from CAC 0 to >0 in 0.5, 
1.2, 5.7, 6.2, 11.6% in 1,2,3,4,5 years
•4 year as the warranty period for zero 
CAC patients
•Diabetes and smoking was the 
strongest predictors

Min JK et al. JACC, 2010



Progression of coronary artery 
calcification

• CAC progression rate 
ranges from 15 to 25% 
per year

• Mean annual increase 
24-33%

• Risk of progression 
predicted by male sex, 
hyperlipidemia, smoking, 
baseline CAC scores, 
HTN, diabetes older age

Erbel R et al. Eur Heart J, 2012



Progression of coronary calcium and incident 
coronary heart disease events

In 6778 subjects in MESA (45-84 years) with CACS measurement 
average 2.6 years apart. Average 5.4 yrs F/U after second scan

Budoff MJ et al. JACC, 2013



CAC and diabetes



Prognostic value of CACS in subjects with and 
without diabetes 

– 10,377 asympt subjects with a mean age of 54 years (903 diabetes) 
followed up for 5 years after baseline CACS screening

– Death rates were 3.5% and 2.0% in subjects with and without diabetes

Raggi P et al. JACC, 2004



Patients with zero CAC showed similar CVD risk 
compared with the patients without diabetes

Raggi P et al. JACC, 2004



CAC superior to CV risk factors for predicting 
silent MI in patients with T2DM

2.2 years

Predictors for MP abnormality

Anand DV et al. Eur Heart J, 2006



CAC superior to CV risk factors for predicting 
silent MI in patients with T2DM

Anand DV et al. Eur Heart J, 2006



The relationship between CACS, plasma OPG level and 
arterial stiffness in asymptomatic T2DM patients

In 110 T2DM patients, with DM duration of 
6.5 years, mean age of 57.2 years

>400

CACS>10 :32.7%

Jung CH et al. Acta Diabetol, 2010



CACS prediction of all-cause mortality and cardiovascular 
events in people with T2DM: systemic review

Kramer CK et al. BMJ, 2013



CAC score is a better predictor of subsequent 
CVD events than carotid IMT

The Multi-Ethnic Study of Atherosclerosis (MESA)

Folsom AR et al. Arch Intern Med, 2008

– In 6698 subjects free of CVD were follow-up for 5.3 years
– Standardized carotid IMT and CAC were measured at baseline 



Modification of CAC progression?



Statin is effective in coronary 
calcium volume reduction

In 149 patients with treatment with statin or no statin; F/U for 
1 year

Callister TQ et al. NEJM, 1998



No effect of statins on CAC 
progression

In 1005 asympt subjects; atorva 20mg vs. 
placebo; aspirin in all participants; mean 
duration of 4.3 years

In 471 subjects without CVD; atorva 10 mg 
vs. 80 mg for 12 months

Arad Y et al. JACC, 2005
Schmermund A et al. Circulation, 2006



Explanation for the discrepancy..?

• Longer periods of monitoring of CAC 
necessary to detect an effect of statin Tx

• Statins fundamentally alter the relationship 
between calcified plaque extent and CV 
outcomes; statins are affecting the non-
calcified plaque and no change is 
detectable by CAC measurement

• At the molecular level, the removal of lipid 
deposits by statin may induce vascular 
calcification by macrophages, VSMC and 
osteoclast-like cells..(“vascular healing”?)



Who is the candidate for CACS 
testing?



2010 ACCF/AHA Guidelines for Assessment of 
Cardiovascular Risk in Asymptomatic Adults

Coronary calcium score

Class IIa Measurement of CAC is reasonable for CV risk 
assessment in asymptomatic adults at 
intermediate risk (10% to 20% 10-year risk) : B

Class IIb Measurement of CAC may be reasonable for 
CV risk assessment in persons at low to 
intermediate risk (6% to 10% 10-year risk) : B

Class III (no benefit) Persons at low risk (<6% 10-year risk) should 
not undergo CAC measurement for CV risk 
assessment : B

Greenland P et al. Circulation, 2010

Among intermediate-risk patients, the use of CAC is associated with a 
net reclassification improvement of 55%



2010 ACCF/AHA Guidelines for Assessment of 
Cardiovascular Risk in Asymptomatic Adults

Recommendation for patients with diabetes

Class IIa In asymptomatic adults with diabetes, 40 years of age and 
older, measurement of CAC is reasonable for CV risk 
assessment : B

Class IIb 1. Measurement of HbA1c may be considered for CV risk 
assessment in asymptomatic adults with diabetes : B

2. Stress MPI may be considered for advanced CV risk 
assessment in asymptomatic adults with diabetes or when 
previous risk assessment testing suggests a high risk of 
coronary heart disease, such as a CAC score of 400 or 
greater : C

Greenland P et al. Circulation, 2010



If a patient with diabetes shows a CACS > 
400, actions should be taken for the further 
cardiac testing looking for coronary lesion…





Summary and conclusion
• CACS is a useful, non-invasive and accurate method 

for the assessment of CV risk
• Zero CACS is a useful marker for reduced CV risk –

warranty for 4 years
• CACS higher than 400 in patients with diabetes is a 

warning for the existence of CHD – further testing is 
needed

• CACS is recommended only in intermediate global risk 
group in asymptomatic subjects

• More evidences are accumulating for the high 
predictability of CACS in CVD

• The effect of statin on CACS progression is under 
debate
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