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Cardiovascular risk assessment 
in women:  association between 
breast arterial and coronary 
artery calcification

In this article we present a summary 
of the current status and clinical impli-
cations of the association of breast 
artery calcification (BAC) with coro-
nary artery calcium scoring (CACS). 
We briefly introduce the epidemiology 
of cardiovascular disease in women, 
explore the role of coronary artery 
calcium scoring in cardiovascular risk 
stratification and further discuss the 
findings and limitations that exist in 
various studies that have been car-
ried out thus far on this topic. Lastly, 
we establish the clinical implications 
of these conclusions in light of current 
breast screening guidelines and sug-
gest future directions for clinical utility.

ePIdeMIOlOGy OF cArdIOVASculAr dISeASe IN 
wOMeN

Cardiovascular disease (CVD) remains the leading cause 
of death in women today [1]. Specifically, for women 
<50 years of age, coronary heart disease has become the 
primary etiology of premature mortality, and — unlike 
in men — these mortality rates are not declining [2, 
3].  Moving forward, it is estimated that almost 45% of 
women will be living with some form of CVD by the year 
2035 and the associated burden of cost with this evolving 

disease process will approach approximately $500 billion 
per year in the US alone [4].  A number of factors encom-
pass this inequality including symptom recognition delay, 
anatomic, physiologic, and genetic factors, as well as pos-
sible underutilization of diagnostic tests and treatments. 
Furthermore, clear disparities in cardiovascular risk fac-
tors exist not only in women compared to men but also 
in African American women compared to white women 
based on lifestyle, diet, and socioeconomic background 
[3].  For these reasons, exploring female-specific risk 
factor stratification tools is useful in clinical screening to 
identify CVD in women
Mammography represents a potentially important alter-
native screening modality to identify CAD risk in women.  
In the United States, given the roughly 40 million mam-
mograms already performed, identification of cardiovas-
cular risk by demonstrating an association between BAC 
and CAD may enable a gender-specific methodology to 
identify women at increased risk from CAD.   

rOle OF cOrONAry Artery cAlcIuM ScOrING IN 
cArdIOVASculAr rISk StrAtIFIcAtION
Traditional risk assessment tools such as the Framingham 
Risk Score (FRS) used to determine the 10 year absolute 
risk of coronary heart disease (CHD), underestimate cor-
onary artery disease risk in women resulting in potential 
misclassification of women with subclinical disease as low 
risk [5]. Coronary artery calcium scoring (CACS) by com-
puted tomography (CT) has come to light as a potential 
means to improve this risk stratification process. Specifi-
cally the Multi-Ethnic Study of Atherosclerosis (MESA) 
showed that the presence of coronary artery calcification 
(CAC) in women considered to be at low risk based on the 
FRS was predictive of future CHD and CVD events [6, 7]. 
CACS is mainly accomplished by visualizing CAC and 

“ ...demonstrating an association between 
BAC and CAD may enable a gender-specific 

methodology to identify women 
at increased risk from CAD...”  

the Authors 
tanuka datta, Md, Angela J. ryan Md, brian G. choi, Md, 
Jannet F. lewis Md and Andrew d. choi, Md are at 

Division of Cardiology and Department of Radiology, The George 
Washington University School of Medicine and Health Sciences.  
2150 Pennsylvania Ave nW, Suite 4-417, Washington, DC 20037 
USA 

Corresponding Author:  Andrew D. Choi, 

e-mail:  adchoi@mfa.gwu.edu

imAgingcArdIOVASculAr



calculation of the Agatston score that 
is used as a marker of subclinical heart 
disease [8].  Agatston scores can be cat-
egorized by risk prognostication ranging 
from 0 to >400; corresponding to non-
identifiable disease to severe disease [7].  
A CACS score >400 suggests that a patient 
is 7X more likely to have a cardiac event 
compared to those without any CAC [5]. 
This CACS is a class IIA recommenda-
tion based on the 2010 American col-
lege of Cardiology Foundation/American 
Heart Association guidelines for assess-
ment of CV risk in asymptomatic adults 
and guides clinical decisions in medical 
management with pharmacotherapy and 
aggressive lifestyle modification [9, 10].
The European Society of Cardiology 2016 
guidelines classify coronary artery cal-
cium scoring a Class IIb recommendation 
as a risk modifier in cardiovascular risk 
assessment, though these guidelines do 
not account for newer studies in low radi-
ation dose scanning [11]. Several recent 
studies have shown comparative CAC 
imaging with minimal radiation doses, 
mitigating potential concern associated 
with radiation exposure [9, 10].  

PAthOPhySIOlOGy OF breASt 
Artery cAlcIFIcAtION

Breast artery calcification and coronary 
artery calcification have differing histo-
logic and anatomic patterns of calcium 
deposition but may be linked by a com-
mon inflammatory cascade. In coronary 

artery calcification, it is the arterial intima 
that is affected while in breast artery cal-
cification, the medial layer of the artery 
is most involved [Figure 1].  This breast 
artery calcification in the intimal layer 
is termed Mönckeberg calcification and 
the process of its development involves 
degeneration of elastin fibers seen mainly 
in small- and medium -sized arteries. To 
set apart malignant calcific lesions from 
those seen as a part of ductal calcifica-
tion, interpretation takes into account the 
morphology, size, and distribution.  The 
overall prevalence of BAC is about 29.4% 
however can have ethnic variation [12]. 

Although the anatomic location of cal-
cification differs in BAC and CAC, they 
are both governed by an inflammatory 
cascade interaction with smooth muscle 
cells leading ultimately to arterial stiffen-
ing [12]. This suggests in part that BAC 
may not be a purely benign finding but 
rather hold implications for cardiovas-
cular risk stratification as in the clinical 
example shown in Figure 2.

eVIdeNce tO dAte ON breASt 
ArterIAl cAlcIFIcAtION ANd 
cOrONAry cAlcIFIcAtION

Pechhi et al. conducted a prospective 
study in 74 Italian postmenopausal 
women under age 65 and found a mod-
est correlation of BAC with the presence 
of CAC using 4-slice multidetector car-
diac CT [13].They found that BAC had a 
positive predictive value for CAD of 95% 
with a sensitivity of 70% and specificity 
of 86% [13]. Maas et al. examined post-
menopausal women aged  49-70 years 
and found that BAC showed a strong 
correlation to CAC using 16-slice multi-
detector CT. However the prevalence of 
BAC in this population was much lower 
than previously reported [14]. 
In 2013 Matsumura et al. performed a case 
control study showing that BAC presence 
was not predictive of CAC score >0, but in 
an age-adjusted model, BAC presence did 
demonstrate a statistically significant cor-
relation with high-risk calcium score (Agat-
son score >400)[15].   In 2014, a group of 
150 Iranian women undergoing screening 

Figure 1: Intima (affected breast artery calcification) versus media (affected by coronary artery calcification) 
layers of artery wall.

Figure 2:  69-year-old woman a former smoker who underwent  (A): mammography which demonstrated breast 
arterial calcifications.   (B): Coronary artery calcium scan which showed moderate coronary calcification with an 
Agatston Score of 260.   Several years after her mammogram she had a myocardial infarction and is currently on 
optimal medical therapy for secondary prevention of coronary artery disease. 
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mammography after coronary CTA were studied in a cross-sec-
tional analysis by Moradi et al. who suggested that the severity of 
BAC had no significant correlation to CAC severity [16]. Newallo 
et al, examined African American women for varying relation of 
BAC to CAD; in this study population, BAC prevalence was 21% 
and 11% had CAC > 100 [17].  The authors found that women 
with BAC were 7X more likely to have CACS>100 when compared 
to those women without BAC [17]. 
Recently, Chadashvili et al. performed a retrospective analysis 
of 145 women referred for coronary CT angiography within a 
year of mammography and found BAC association with CAC 
> 11 [18].  Lastly, in 2016 Margolies et al.  investigated the rela-
tionship of BAC with incidentally found CAC in women with-
out known CAD who have undergone noncontrast chest CT 
[19].  Rather than an Agatston score in this non-gated CT scan, 
the study derived a systematic scoring system to quantify the 
degree of calcification in the four main coronary vessels. There 
was a high statistical significance in the association between 
BAC score, the number of calcified breast vessels, BAC length 
and density and CAC score,  and furthermore greater extent of 
BAC was superior in predicting CAC presence compared with 
the standard risk factors (age, HTN, hyperlipidemia, diabetes, 
smoking, and chronic kidney disease) [19].
Limitations to the above mentioned studies include limited 
sample size and, with the majority of women recruited for 
these studies already had been referred for CT, the potential 
for selection bias. Variation in methods used for measuring 
CAC and BAC is also of note as is the generalizability of the 
data given that subject recruitment was mostly from limited 
geographic and ethnic backgrounds. 

clINIcAl IMPlIcAtIONS ANd Future dIrectIONS
American recommendations as to the age of initiation and 
duration of testing for breast cancer screening vary depend-
ing on the professional body iussuing the guidelines (e.g. The 
United States Preventive Services Task Force;  The Ameri-
can Cancer Society; The American College of Radiology and 
the Society of Breast Imaging). The European Guidelines for 
Quality Assurance in Mammography Screening recommend 
specifically to initiate screening at age 50 [20]. Nevertheless, 
there is awidespread use of screening mammography in most 

women starting between the ages of 40-50 [21]. With this 
in mind, the identification of breast arterial calcifications as 
a potential marker for cardiovascular risk factors, and for 
detection of asymptomatic coronary artery disease presents 
a unique approach to improved risk stratification in women. 

In summary, while BAC is typically reported as a benign find-
ing, multiple studies have demonstrated modest association of 
BAC with the development of CAD.  This may enable BAC to 
be a gender-specific tool to predict CAD risk in asymptomatic 
women.  Moving forward, larger randomized prospective trials 
are necessary to both validate and assess long term outcomes 
in determining the relationship between BAC and CAC.  Given 
current breast cancer screening guidelines for mammography, 
the potential implications of further research are broad-ranging.  

reFereNceS 
1. Benjamin EJ et al. Heart Disease and Stroke Statistics-2017 Update: A Report From the 
American Heart Association. Circulation 2017;135: e146-e603.

2. Shiels, MS et al. Trends in premature mortality in the USA by sex, race, and ethnicity from 
1999 to 2014: an analysis of death certificate data. lancet 2017; 389: 1043.

3. Bairey Merz Cn et al. Knowledge, Attitudes, and Beliefs Regarding Cardiovascular Disease in 
Women: The Women’s Heart Alliance. J Am Coll Cardiol, 2017; Jun 20. pii: S0735-1097(17) 37407.

4. Robinson JG What Women (and Clinicians) Don’t Know Hurts Them. J Am Coll Cardiol, 2017 Jun 
20. pii: S0735-1097(17)37494-6

5. Ryan AJ et al. Breast arterial calcification association with coronary artery calcium scoring 
and implications for cardiovascular risk assessment in women. Clin Cardiol, 2017 Apr 26. doi: 
10.1002/clc.22702

6. Preis SR and O’Donnell CJ, Coronary heart disease risk assessment by traditional risk factors 
and newer subclinical disease imaging: is a “one-size-fits-all” approach the best option? Arch Intern 
Med 2007; 167:  2399.

7. lakoski SG et al.  Coronary artery calcium scores and risk for cardiovascular events in women 
classified as “low risk” based on Framingham risk score: the multi-ethnic study of atherosclerosis 
(MESA). Arch Intern Med 2007; 167: 2437.

8. Agatston AS et al.  Quantification of coronary artery calcium using ultrafast computed tomogra-
phy. J Am Coll Cardiol, 1990;15:  827.

9. Choi AD et al. Prospective evaluation of the influence of iterative reconstruction on the reproduc-
ibility of coronary calcium quantification in reduced radiation dose 320 detector row CT. J Cardiovasc 
Comput Tomogr, 2016; 10(5): p. 359-63.

10. Baron KB, Choi AD and Chen  low Radiation Dose Calcium Scoring: Evidence and Techniques. 
Curr Cardiovasc Imaging Rep, 2016. 9: 12.

11. Authors/Task Force, Piepoli M et al. 2016 European Guidelines on cardiovascular disease 
prevention in clinical practice: The Sixth Joint Task Force of the European Society of Cardiology 
and Other Societies on Cardiovascular Disease Prevention in Clinical Practice (constituted by rep-
resentatives of 10 societies and by invited experts): Developed with the special contribution of the 
European Association for Cardiovascular Prevention & Rehabilitation (EACPR). Eur J Prev Cardiol, 
2016. 23(11): nP1-nP96.

12. lanzer P et al. Medial vascular calcification revisited: review and perspectives. Eur Heart J 
2014; 35: 1515.

13. Pecchi A et al. Association of breast arterial calcifications detected by mammography and 
coronary artery calcifications quantified by multislice CT in a population of post-menopausal women. 
Radiol Med 2003; 106: 305.

14. Maas AH et al. Breast arterial calcifications are correlated with subsequent development of cor-
onary artery calcifications, but their aetiology is predominantly different. Eur J Radiol 2007; 63: 396.

15. Matsumura ME et al. Breast artery calcium noted on screening mammography is predictive 
of high risk coronary calcium in asymptomatic women: a case control study. Vasa 2013; 42: 429.

16. Moradi MA, Adibi A and Abedi M, Relationship between breast arterial calcification on mammog-
raphy with CT Calcium scoring and coronary CT angiography results. Adv Biomed Res 2014; 3: 79.

17. newallo D et al. Mammographic detection of breast arterial calcification as an independent 
predictor of coronary atherosclerotic disease in a single ethnic cohort of African American women. 
Atherosclerosis 2015; 242: 218.

18. Chadashvili T et al. Do breast arterial calcifications on mammography predict elevated risk of 
coronary artery disease? Eur J Radiol 2016; 85: 1121.

19. Margolies l et al. Digital Mammography and Screening for Coronary Artery Disease. JACC 
Cardiovasc Imaging, 2016; 9: 350.

20. Sardanelli F et al. Position paper on screening for breast cancer by the European Society of 
Breast Imaging (EUSOBI) and 30 national breast radiology bodies from Austria, Belgium, Bosnia and 
Herzegovina, Bulgaria, Croatia, Czech Republic, Denmark, Estonia, Finland, France, Germany, Greece, 
Hungary, Iceland, Ireland, Italy, Israel, lithuania, Moldova, The netherlands, norway, Poland, Portugal, 
Romania, Serbia, Slovakia, Spain, Sweden, Switzerland and Turkey. Eur Radiol 2017; 27:  2737.

21. Baill IC and Castiglioni A, Health Maintenance in Postmenopausal Women. Am Fam Physician 

Table 1: Summary of Studies Assessing Accuracy of Breast Arterial Calcification in Predicting 
Coronary Artery Calcium on Mammography vs Non-Contrast Chest CT. Abbreviations:  
N=Number; PPV = Positive Predictive Value; NPV = Negative Predictive Value

CArDioVAsCulAr imAging


