
68 year old male with No Risk Factors 

Should a Calcium Score be done 
for Risk Stratification?

Does it have incremental benefit ?
Will it change my clinical practice ? 
Is it widely available & cost effective ?



68 year old male with No Risk Factors               

• 68 yrs, Male

• Nonsmoker

• 72 Kg, 165 cm

• BMI 26.4,  Waist 88 cm

• TC 164, HDL 39, LDL 95;      
TGL 148 mg/dL

• BP 130/84 mm Hg

• BG: F 98, PP 136 mg/dL

What is his likelihood of having CVD in the next 10 years ?             

• Framingham Risk score (ATP III) 14.6%

(Hard end points:  10 yr MI, CV death)

• SCORE (Europe – Low Risk)   Death 4%

High Risk)   Death  7%

• JBS3 (10 yr MI,Stroke) 20%

• QRisk 3 (10 yr MI, Stroke) 20%

• ASCVD (ACC 10 yr ASCVD RE+) 16.3% 

• WHO (ISH)                                             10-20%



Geisel MH, 
European Heart Journal (2017) 38, 1815

Heinz Nixdorf Recall study

CAC significantly 
improved the risk 
prediction in the low 
& intermediate risk

CIMT had a higher 
discriminative value 
for the low risk

ABI provided better 
discrimination for 
subjects with high risk

Tests for Subclinical Atheroslerosis



< 50u                > 50u

Intimal Ca is specific of Atherosclerosis
Not age related, Active, regulated process

Starts early in atherogenesis, 
Promoted by oxidative stress

VSMs > Osteoblast like cells



Multimodality Imaging of CAC

A: Grayscale IVUS image demonstrating a heavily

calcified plaque

B: Integrated backscatter-IVUS image:                                 

Red: calcification, yellow: dense fibrosis, 

green: fibrosis,  blue and purple: lipid pool

C: Virtual histology IVUS image:  

Plaque with dense calcifications (white)

D: Optical coherence tomography (OCT) image

demonstrating CAC

E: Pathogenic processes demonstrating the

atherosclerotic plaque, including lipid core &

calcification 

G: 3D  Isotropic-Resolution Black-Blood MRI 

H: Contrast-enhanced coronary CT angiography 

image demonstrating an area of calcium

I:  Non-contrast-enhanced calcium scoring

image demonstrating an area of calcium



DETECTION OF CORONARY ARTERY CALCIUM

•Chest X Ray, Fluoroscopy
• EBCT > MDCT 

Semi quantitiative – ordinal score
Quantitative – Agatston score (Ca volume/mass score)

Calcified plaque (130 HU)  - density factor and area

130-199 HU (1); 200-299 HU (2); 300-399 HU (3); 400 HU (4)   

10-15 mins, 1 mSv, No contrast
Sensitivity 88-100%, NPV 100%
Predicts plaque volume (Disease burden) 

not the lumen narrowing



Coronary Calcium correlates with plaque burden

Rumbereger GA, Circulation. 1995;92:2157



5 yr FU of 4,129 asymptomatic subjects 
from the HNR (Heinz Nixdorf Recall) study 
age 45 to 75 years

Erbel R, J Am Coll Cardiol 2010;56:1397



Degree of CAC by CAC scores with clinical implications

CAC score    Percentile                          Implication                      p/a

0                      0               56%      Very low risk for future CV events 0.4% 

1-100               < 75            26%       Low risk for CV events                     0.8%

101-400             76-90          18%       Increased risk for CV events           2.4%

> 400                > 90                          Increased probability of ischemia

Incident CAC related to age, gender & ethnicity
23% in men 45 to 49 yrs of age to 67% in the 70 to 74 yrs
15% in women age 45 to 49 years to  43%  age 70 to 74 yrs



MASALA (Mediators of Atherosclerosis in South Asians Living in America) study

749 South Asians (SFO & Chicago) 56±10 (M)  54±8 (W)yrs at entry,  CAC at baseline and at 5 yrs FU

749 Baseline CAC 0 44% (M) 77% (W) > at 5 yrs 26% & 75%  

Kanaya AM, Am Heart Assoc. 2019;8:e011053. DOI: 10.1161



Ferencick M, Circ Cardiovasc Imaging. 2017;10:e006592

Framingham Heart Study





CARDIA
Coronary Artery Disease 

Development in Young Adults

CAC  & HR for CVE
1-19 :    2.6
20-99 :  5.8 
> 100 :  9.8

Carr JJ, JAMA Cardiol. 2017;2(4):391

10.2%  at m age 40 yrs
20.1%  at m age 45yrs
28.4%  at m age 50 yrs



Prospective Observational Studies of the Coronary Artery Calcium Score

MESA: MULTI ETHNIC STUDY OF ATHEROSCLEROSIS;   HNR: HEINZ NIXDORF RECALL



MESA: MULT ETHNIC STUDY OF ATHEROSCLEROSIS



Could this benefit be seen in elderly ?  
Rotterdam Study: 1795  asymptomatic, 62-85 yrs (m 71) m FU 3.3 yrs

Vliegenhart R, Circulation. 2005;112:572-577



Calcium Score in Older adults > 60 yrs
Pooled analysis of FHS, MESA, CHS, RS, HNR

4778 (US) 11 yrs FU,  4990 (Euro)

IOlder adults without CVD, CAC provided better 
discrimination than chronological age for incident ACVD

Net reclassification improvement 0.390

Yano Y,  JAMA Cardiol. 2017;2(9):986



Why try to refine CV Risk assessment in this 
elderly male with no symptoms & no risk factors ?

The predictive power of cardiovascular risk factors decreases 
with age, partly because of selective survival and the 
influence of comorbidity on risk factor levels

Measuring CAC score instead of assessing cardiovascular risk 
factors may lead to an  optimization of CHD prediction in 
older adults

PREDICTION OF FUTURE CORONARY EVENTS
CV Risk factors (Risk based) ~ CAC score (Disease based) 



CAC improves reclassification of risk status

HEINZ NIXDORF RECALL

4129 subjects,                    

45-75 yrs, F 53%,

5 yrs Follow-up.
93 death + MI (2.3%)

Reclassifying Intermediate 
risk group to Low risk when 
CAC < 100 and High risk 
when CAC > 400, yielded a   

net reclassification   

improvement of 

21.7% and 30.6%











CAC could potentially  modify therapies ……..

Estimated Risk and Benefit of Aspirin in Primary Prevention by Coronary Artery               
Calcium Score in Multi-Ethnic Study of Atherosclerosis Participants

Cardiovascular Event Rate for  
Heinz Nixdorf Recall Study Participants

LDL cholesterol ≥190 mg/dl
LDL 70-190 mg/dL in DM or 
ASCVD Risk > 7.5% (40-75 yrs)



Impact of Statins on 
Cardiovascular Outcomes 

Following Coronary Artery Calcium Scoring

Mitchell, J.D.  J Am Coll Cardiol. 2018;72(25):3233

13,644 patients (m age 50 yrs; 71% men) FU m 9.4 years. 
Statin therapy ↓ risk  MACE in patients with CAC (HR 0.76) 
but not in patients without CAC (HR 1.00)

Statin benefit related to the severity of CAC 
NNT to prevent 1 initial MACE outcome over 10 years

ranging from 100 (CAC 1 to 100) to 12 (CAC >100)





I would prefer to do Calcium Scoring for him ……

Robust data from asymptomatic subjects
Incremental value for CVD Risk prediction
Helps the physician to reclassify the risk status

Starting or deferring preventive therapies   
Motivates subjects to adopt LSM

Not time consuming
Reproducible

Less expensive
Low radiation (< 1 mSv)                                         



CAC may be considered in …….

•Atypical symptoms, Functional testing not possible or False 
positive result is likely, baseline ECG changes ( ST T / LBBB)

•Women with atypical symptoms

• Suspected ACS in Emergency Department

• In patients with T2 Diabetes Mellitus

• Family H/O premature CAD

• To  motivate individuals to adhere to lifestyle (Diet/Tobacco)



CAC as a gatekeeper in ACS

•204 patients presenting to ED for chest pain

•Prevalence of CAD 56% 

•Of 93 patients with 0 CAC, ACS confirmed in 3 

• The diagnostic performance of the dichotomized CAC 
score was: accuracy 56%, sensitivity 89%, specificity 
51%, PPV 23% and NPV 97% The area-under-the-curve 
(AUC) of CAC for predicting ACS was 0.75, with no 
reliable cut-off.

Hinzpeter R, Am J Em Med. 2017: 35;1565



Prevalence and Prognostic Implications of 
Coronary Artery Calcification in   Low-Risk Women:  A Meta-analysis
DHS, Dallas Heart Study; FHS, Framingham Heart Study; HNR, Heinz Nixdorf Recall; MESA, Multi-Ethnic Study of Atherosclerosis  RS, Rotterdam Study

6739 women with low ASCVD risk (<7.5 % at 10 yrs) from the 5 studies, m. age 44 to 63 yrs
CAC was present in 36.1%. Median follow-up ranged from 7.0 to 11.6 years

Addition of CAC to traditional risk factors improved the C statistic from 0.73 to 0.77;  NRI  0.20  for ASCVD prediction

Kavousi M, JAMA. 2016;316(20):2126



CAC Score in patients with T2DM
Diabetes Heart Study 1123 FU 7.4 yrs

Intermediate-risk individuals,
10% reclassified as high risk,
28%  classified as low

Agarwal S, Diabetes Care 36:972–977, 2013

Malik S, JAMA Cardiol. 2017;2(12):1332

MESA 6814
(DM 13%, MetS 25.7%)

11.1 yrs FU

NRI 0.23 , 0.22



Should we repeat the CAC after sometime ?

• CAC scores increased by about 20% to 25% per year

• 20% of subjects with CAC 0 progressed to CAC > 0 within 4 to 5 yrs

• Those with “double zero,”(CAC  0 both at baseline & after 5 yrs)

have the best  outlook (10-year risk of only 1.4%) 

• Repeat scan not of value for those who already have a double-zero

CAC or have already been classified at high risk because of CAC

• Statin therapy > CAC increases despite reduction of clinical events        

promotes healing 



Who would benefit from CCS  ?        
ACC 2018

• RISK PREDICTION: Middle-aged 
asymptomatic adults (40-55 yrs) 
with intermediate risk (7.5 – 20% 10 
yrs)  or borderline risk (5-7.5%) with 
factors that increase their ASCVD 
risk. 

• Patients reluctant to initiate statin 
or restart it after discontinuation for 
statin associated symptoms

• Older patients (men 55 to 80; 
women 60-80 years old) with low 
burden of risk factors who question 
whether they would benefit from 
statin therapy

• Men < 40 yrs, Women < 50 yrs
(detectable calcium unlikely)

• Low risk (< 5%) by clinical risk 
scoring ( in the absence of           
F H/O premature CAD)

• High risk by clinical risk scoring

• Symptomatic / Diagnosed CAD 

• Previously positive CAC study 

Who would not need it ?





Y. Henein, International Journal of Cardiology 153 (2011) 31

LDL

Atheroma

CAC score



Patients with stable angina 
often have higher CAC 
scores than patients with 
acute coronary events

Statins increase Agatston
CAC scores through 
delipidation and therefore 
increase calcium density



Greenland, P,  J Am Coll Cardiol. 2018;72(4):434









What do the Experts say ?
2012 ACC/AHA Risk Assessment: If, after quantitative risk assessment using 
traditional risk factors, a risk-based treatment decision is uncertain, CAC score 
may be considered to inform treatment decision making. Class IIb, LOE: B

2016 European Guidelines on CVD prevention: CAC scoring may be considered 
as a risk modifier in CV risk assessment. Class IIb, LOE B 

2017 Society of Cardiovascular CT Expert Consensus: It is appropriate to perform 
CAC testing in the context of shared decision making for asymptomatic 
individuals without clinical ASCVD who are 40–75 years of age in the 5%–20% 
ten-year ASCVD risk group and selectively in the < 5% ASCVD risk group, such as 
those with a family history of premature CAD

2018 USPTF: In asymptomatic adults, the current evidence is insufficient to 
assess the balance of benefits and harms of adding CAC score to traditionalrisk 
assessment for CVDprevention. Class I 



CAC - Caveats

• CAC correlates with disease burden but not the luminal narrowing

• Trying to correlate symptoms with CAC is not advisable

• Noncalcified lesions may cause symptoms including ACS

• May miss the diagnosis of Microvascular disease

• Low clinical risk > Low yield;  High clinical risk > No need

• Radiation exposure

• Time, money, and effort spent

• Incidental findings requiring  FU CT















RISK

ENHANCING 

FACTORS



Why not to do Calcium score for him?

• Low clinical risk > Low yield

• High clinical risk > No need

• Radiation exposure

• Incidental findings requiring  FU CT

• Time, money, and effort spent







Imaging Coronary Artery Calcium

MODALITY                    SPATIAL RESOLUTION

•CT SCAN                              0.4 – 0.6 mm

•MRI                                      1.3 – 1.8 mm

• IVUS                                    100 – 200 µm

•OCT                                       15 – 20 µm

•NIR IMAGING                        1  mm

•PET CT                                   3 – 5 mm  



68 year old male with No Risk Factors 
Should a Calcium Score be done for Risk Stratification?

• Is it worthwhile ?

• Does it have incremental benefit ?

• Will it change my clinical practice ? 

• Can we have an easy access to it ?

• Is it cost effective ?



Carr JJ, JAMA Cardiol. 2017;2(4):391



Rotterdam Study – CAC score in Elderly 

Vliegenhart R, Circulation. 2005;112:572-577





Coronary Artery Calcium – Agatston’s Score



Markers of Subclinical Atherosclerosis
Potential Predictors of future CV Events ?

• CORONARY ARTERY CALCIFICATION
• CAROTID INTIMA-MEDIA THICKNESS
• ANKLE BRACHIAL INDEX
• PULSE WAVE VELOCITY
• SERUM LEVELS OF PROINFLAMMATORY

& SOLUBLE ADHESION MOLECULES


