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ABSTRACT 

Mammography examination of the breast has been widely used throughout the world, but many findings found 

through this modality have been overlooked, one of which is breast arterial calcification (BAC). Breast cancer is 

often experienced by millions of women in the world, signs are usually screened for breast cancer using 

mammography. This literature review aims to assess the association between BAC found on mammography and 

increased risk of coronary artery calcifications in Asian populations. An initial search was carried out using reference 

sources from the electronic databases PubMed, Scopus, Cochrane, Wiley, ScienceDirect, EBSCOhost, and Google 

Scholar, using keywords "mammography", "breast arterial calcification", and "coronary artery disease" with their 

synonyms. Titles and abstracts were reviewed for relevance, followed by full-text screening, without any time 

limitation (until September 21th, 2023). The inclusion criteria was study published in English that assess BAC on 

mammography with the risk of coronary arterial calcifications in Asian. This review included a total of eight studies, 

which included a total of 2735 patients. Research was conducted in several countries in Asia, including Saudi Arabia, 

Nepal, Iran, China, South Korea, and Turkey, using cohort and cross-sectional research methods. BAC+ women were 

significantly older than BAC− women (P=0.001), and there was a strong association between BAC and CACS (P = 

0.0001). The sign of BAC on mammography may contribute as a non-invasive marker of cardiovascular risk, 

especially in Asian populations. However, lack of a standardized BAC scoring system might limit its application. 

Breast artery calcification significantly increases the incidence of cardiac artery disease in Asian populations, which 

can be assessed by mammography and requires further attention from physicians. 
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INTRODUCTION 

Mammography examination of the breast has been widely used throughout the world, but many 

findings found through this modality have been overlooked, one of which is breast arterial 

calcification (BAC). These findings are often overlooked, particularly in diagnosing cardiovascular 

disease. Breast cancer is often experienced by millions of women in the world, signs are usually 

screened for breast cancer using mammography. It was reported that 47.5% of women aged 40 to 49 

years and 57.2% of women between the ages of 50 and 74 underwent mammograms in 2011 (Pace 

et al., 2013; Quispe et al., 2019). However, its utilization of mammography is usually limited only 
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to breast cancer; no routine screening for coronary artery disease (CAD) based on CAD 

mammography has also affected millions of people. Additionally, compared with men, women have 

been shown to have worse outcomes when CAD is confirmed (M Dewey, 2022; Xie et al., 2017). 

Cardiovascular disease has also been highlighted as the number one killer worldwide. Recent data 

confirms that cardiovascular disease is the main cause of death among women, accounting for 

approximately one-third of deaths (Roth et al., 2018).  

 

Recent studies have shown that BAC in particular has also been directly associated with an 

increased risk of acute myocardial infarction, although observations have not provided consistent 

results (Bui & Daniels, 2019). Some concerns have also been raised regarding the lack of 

improvement in the prevention of cardiovascular disease in women. The mortality rate for heart 

failure is higher in women than in men, which has shown the urgency of the wide recognition of 

findings found in mammography (L. R. Margolies et al., 2019). Until now, mammography has often 

been done in clinical settings. However, the awareness regarding its complications and predictive 

value, BAC, for instance, has to be acknowledged and researched further. One interpretation of 

BAC's findings that is emerging as one of the important things to note is the increased risk of 

cardiovascular disease. 

 

Some studies show an increased risk of cardiovascular disease among BAC-positive women when 

adjusted for age and conventional risk factors. Studies have shown that breast artery calcification 

(BAC) measurements have the potential to provide a personalized and non-invasive approach to 

stratifying the risk of cardiovascular disease in women, such as heart attack and stroke (Quispe et 

al., 2019). As heart disease is still considered the number one killer in the world, prevention is an 

issue, and several ways need to be addressed to measure the prognosis of developing CAD in the 

future. As mammography is regularly performed, especially in developed countries, combined with 

the predictable potential role of BAC in cardiovascular disease shown by studies, mammography 

could potentially be used as a surrogate screening method for cardiovascular disease, making it 

easier to perform.  

 

Asia as one of the biggest regions worldwide, has different characteristics compared to Hispanics or 

other populations. We believe that radiological findings and their implications are often location-

specific. Therefore, although several reviews have tried to assess the relationship between BAC and 

CAD prediction, and several studies have tried to analyze the relationship between BAC; however, 

no review has established the potential risk stratifying method using BAC for CAD prediction in the 

Asian population (Benjamin et al., 2019). Thus, this literature review aims to assess the association 

between breast arterial calcifications found on mammography and increased risk of coronary artery 

calcifications in Asian populations, therefore explaining the diagnostic picture. It is hoped that this 

literature could become a reference for researchers to explore this topic further in the future and 

could open knowledge regarding the importance of paying attention to BAC more, regarding its 

meaning in clinical practice. 

 

METHOD 

An initial literature review was carried out using reference sources from the electronic databases 

PubMed, Scopus, Cochrane, Wiley, ScienceDirect, EBSCOhost, and Google Scholar. Kinds of 

literature published within the last 10 years were included in this study. The search was carried out 

until September 21, 2023. Literature was searched with the keywords "Mammography", "Breast 

Arterial Calcification", and "Coronary Artery Disease" with their synonyms. The inclusion criteria 

in this review are as follows: (1) Literature regarding Breast Arterial Calcification in patients 

undergoing examination mammography for Coronary Artery Disease, (2) The literature assesses the 

relationship between Breast Arterial Calcification in patients who do mammography examination 

for Coronary Artery Disease, (3) Literature with cross-sectional, case-control, cohort and clinical 

trial designs, both randomized and non-randomized, (4) Studies conducted in Asia, (5) Women 

patient who does mammography as their participant, (6) Breast Arterial calcification as their 

intervention, (7) Woman with risk factors as their control, and (8) BAC Score >11, risk of CAD as 
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their outcome. Studies that include pediatric patients (<18 years), literature beyond the past 10 

years, complete articles that cannot be accessed, and articles outside English and Indonesian were 

excluded from this review. 

 

The initial search was then continued with a review using the title and abstract method to assess the 

relevance of the literature. Relevant studies were reviewed by reading the full text and assessed 

based on conformity to the inclusion criteria. These results were then reviewed by the five authors 

(AWP, TK, DA, EN, BWU), and if there was disagreement between the authors, it would be 

mediated by two authors (AGIK and AW). Differences of opinion will then be discussed further 

until a consensus is reached. 

 

RESULT 

Overall, this review included a total of eight studies (from 742 articles in initial search), which 

included a total of 2735 patients. Research was conducted in several countries in Asia, including 

Saudi Arabia, Nepal, Iran, China, South Korea, and Turkey, using cohort and cross-sectional 

research methods. Detailed characteristics of the included studies are summarized in Table 1. 
 

Table 1. Study Characteristics and Outcome 
Author, year Country Design Subjects Methodology Results 

Fathala, 2018 

(Fathala et al., 

2018) 

Saudi 

Arabia 

Retrospective 

cohort 

307 women 

who 

underwent 

mammograp

hy and 

CACS 

assessment 

using CT 

scan. 

BAC: BAC score 

assessment from 

mammograms 

 

CACS: semi-automatic 

calculation of all main 

coronary arteries. 

BAC was present in 46% 

of all subjects. 

 

BAC correlated strongly 

with CACS (P=.0001), 

diabetes (P=.0001), 

hypertension (P=.021), 

CKD (P=.0031), and age 

(P=.001). 

Jha, 2021 (Jha 

et al., 2021) 

Nepal Cross-

sectional 

descriptive 

study 

1614 

mammogram

s from 20 to 

89 year old 

women, 

which were 

obtained 

over four 

months in a 

teaching 

hospital. 

BAC evaluation of 

mammograms by 

radiologists with more than 

ten years of experience. 

 

CACS: not done 

BAC was present in 

11.6% patients 

 

The incidence and 

severity of BAC 

increased along with 

patients’ age.  

Seifi, 2020 

(Seifi et al., 

2020) 

Iran Cross-

sectional 

60 women 

over 40 

years old 

who 

underwent 

CT 

angiography 

screening. 

BAC: Evaluation of the 

number, density, and length 

of calcified vessels in the 

mammograms 

 

CACS: calculation using a 

guideline from the Cardiac 

Society of Australia and 

New Zealand. 

BAC significantly 

correlated with CACS (p 

= 0.001), as well as CAD 

risk factors such as 

diabetes, hypertension, 

and hyperlipidemia (p < 

0.0001). 
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Author, year Country Design Subjects Methodology Results 

Huang, 2020 

(Huang et al., 

2020) 

China Retrospective 

cohort 

213 

asymptomati

c women 

aged more 

than 40 years 

old who 

underwent 

CCTA and 

mammogram

s between 

July 2018 

and April 

2019. 

BAC: assessed from 

mammograms by 

radiologists with 10 years 

of experience, defined as 

“absent” or “present” 

 

CAD-RADS: deep learning 

model using 2000 CT 

angiography scans.  

The presence of BAC 

significantly predicted a 

CAD-RADS score of > 3 

(OR = 5.1; 95% CI = 

45.1-86.1) 

Yoon, 2019 

(Yoon et al., 

2019) 

South 

Korea 

Cross-

sectional 

2100 women 

aged 40 

years old or 

more who 

underwent 

digital 

mammograp

hy, DXA, 

and CCTA 

between 

March 2011 

and February 

2013. 

BAC: determined using a 

scoring system, evaluated 

from full-field digital 

mammograms by a 

radiologist with 8 years of 

experience. 

 

CACS: evaluated from CT 

angiogram results using the 

Agaston scoring system. 

BAC presence and 

severity were predictors 

of CAC and CAP  

Yıldız, 2016 

(Yıldız et al., 

2016)  

Turkey Cohort 

retrospective 

A total of 

120 

premenopaus

al women 

aged 40 

years old or 

older who 

underwent 

mammograp

hy 

procedures 

from January 

to November 

2015. 

BAC: mammograms with 

BAC in any projections 

were defined as BAC (+). 

 

Cardiovascular risk 

predictors: examinations 

with 12-lead 

electrocardiogram, 

echocardiography, and 

serum TC, TG, and HDLc 

assays.. 

BAC was positively and 

significantly correlated 

with non-HDLc level (r 

= 0.202, p = 0.027) and 

LDLc level (r = 0.188, p 

= 0.039), but had a 

significant and negative 

correlation with HDLc 

level (r = 0.223, p = 

0.014) 

Happy, 2022 

(Happy et al., 

2022) 

Turkey Cross-

sectional 

70 females 

who 

underwent 

mammograp

hy  

BAC: assessment using a 

four-point scale based on 

digital mammogram 

findings by at least two of 

three trained radiologists. 

 

CAC: assessed by a semi-

automated software using 

the Agaston method.  

BAC had strong 

diagnostic accuracy in 

predicting CAC. 

Hanafi, 2018 

(Hanafi et al., 

2018) 

Iran Case-control 60 female 

patients who 

were 

admitted and 

underwent 

CT 

angiography. 

BAC: evaluated using the 

four-point BAC grading 

from two-view 

mammograms by an expert 

radiologist. 

 

CAC: determined using the 

Agaston criteria based on 

the coronary CT angiogram 

results 

Patients with BAC had a 

higher risk of developing 

CAC (OR = 13; 95% CI 

= 3.5 - 47.6, RR = 4.33; 

95% CI = 1.73 - 10.8). 
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Abbreviations: BAC= breast arterial calcification; CAD= Coronary Artery Diseases; CTA= 

Coronary Computed Tomography Angiography; CCTA= Coronary Computed Tomography 

Angiography. 

 

A literature review found an association between BAC and increased risk of CAD, especially in 

Asian populations. A study by Happy et al demonstrated that BAC can predict CHD and growth 

transients in coronary atherosclerosis as demonstrated by CCTA. BAC is also closely associated 

with the development of coronary artery calcification (CAC) and coronary atherosclerotic plaque 

(CAP). According to the calculation of the diagnostic accuracy table for breast artery calcification 

of mammography for predicting the presence of existing coronary artery disease, the sensitivity 

value is 26.3% and the specificity is 82.3% (Happy et al., 2022). This finding is supported by a 

study from Hanafi et al., among 60 Iranian women in 36 patients (60%) had BAC, and 26 patients 

(72%) had CAD. There is a significant correlation between BAC and CAD. The sensitivity and 

specificity of BAC for CAD were 69% and 47%. Additionally, CAD patients had significantly 

higher severe BAC scores than non-CAD patients. NPV and PPV are 83% and 72%, respectively 

(Hanafi et al., 2018). 

 

 
Figure 1. Mechanism of BAC predicting CAD based on its pathophysiology 

 

Additionally, Huang et al. evaluated the association of BAC in mammographic breast screening 

with the Coronary Artery Disease Reporting and Data System (CAD-RADS). In this study, 213 

women were included. BAC was found in 22 women (10.3%), of which 23 were classified as CAD-

RADS ≥ 3, indicating a positive correlation between the severity of CAD and the presence of BAC 

in women who underwent breast screening mammography (OR 10.22, 95% CI 2.86–36.49, P < 

0.001) (Huang et al., 2020). A study by Seifi et al. supported these findings by showing that there 

was a significant correlation between coronary artery calcification and breast artery calcification (p 

= 0.001) and between coronary artery calcification and postmenopausal calcification (p < 0.001) 

(Seifi et al., 2020). 

 

Another cross-sectional study by Jha et al. also found that BAC prevalence increased with age. A 

total of 188 mammograms among 1,614 female patients aged 20 to 89 years had BAC. All patients 

aged 80 to 89 years had calcifications on mammographic examination (Jha et al., 2021). In a study 

conducted by Fathala et al, BAC was detected in 142 patients. BAC was found to be significantly 

more common in older women than younger women (p = 0.001), and there was a strong association 

between BAC and coronary artery calcium score (CACS) (p = 0.0001). Additionally, a strong 

correlation was found between the components of BAC and CACS score (p<0.001). Multivariate 

linear regression analysis showed that age and CAC were strong predictors of BAC (Fathala et al., 

2018). 
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A cohort study by Fathala et al. also found that BAC was detected in 142 (46%) patients in the 

study group. BAC+ women were significantly older than BAC− women (P=0.001), and there was a 

strong association between BAC and CACS (P = 0.0001). However, no association was found 

between BAC and a family history of coronary artery disease. Additionally, a strong correlation was 

found between CACS and BAC score components (P < 0.001) (Fathala et al., 2018). Seifi et al. 

found that the number and degree of vascular calcification in the breast increased as patients aged. 

If breast artery calcification is present, this should be mentioned in the mammography report. 

Identification of these calcifications on mammography may lead to further screening for 

atherosclerosis (Seifi et al., 2020). This is consistent with the study by Yoon et al. The presence of 

BAC can be a predictor of CAC and CAP (Yoon et al., 2019). Additionally, Yildiz et al. concluded 

that BAC is a potentially useful tool for detecting dyslipidemia and early atherosclerosis in 

premenopausal women (Yıldız et al., 2016). 

 

DISCUSSION 

This literature review found that patients with BAC were associated with the incidence of CAD in 

Asian populations. There have been many literature reviews which state that BAC is a risk factor 

for CAD. Ahmed et al showed in their research results that among women who underwent screening 

with mammography. This incident is linked to heart problems (Deeg et al., 2024; Fathala et al., 

2018). We will further discuss the use of digital mammography and how BAC can predict the 

incidence of CAD based on pathophysiology. 

 

Digital Mammography and its Current Utilization 

Digital mammography examination was carried out in the mediolateral oblique and craniocaudal 

positions. Assessment is divided into 3 categories. First, the incidence of impaired vessels in the 

breast is given a score of 1 to 6. If more than 6 blood vessels are involved, then the maximum score 

is still given as 6. Second, the length of the blood vessels that have BAC. If there are no blood 

vessels involved, then a score of 0 is given; if the affected vessel is no more than one-third of its 

length, it is given a point of 1; if it is less than two-thirds, it is given a point of 2; and if it is more 

than two-thirds, it is given a point of 3. Third, assess calcium density in blood vessels with BAC. If 

there are no calcified blood vessels, a score of 0 is given, if the density is light with good 

visualization of the blood vessels and/or calcification in only one blood vessel the score is 1, if the 

density is moderate with blurred visualization of the blood vessels and calcified the wall of blood 

vessel the score is 2, and if the density was severe and the vessel lumen could not be visualized the 

score is 3. The total scores from the three categories are classified into 3 groups based on the value 

range: 0, 1 to 3, and 4 to 12 (L. Margolies et al., 2016). 

 

Vascular Calcification Pathophysiology 

Anatomically, two parts of the blood vessel walls can experience calcification: the tunica intima and 

tunica media. Calcification in the tunica intima is associated with atherosclerosis. The process is 

similar to bone formation, involving matrix proteins, growth factors, and bone-associated proteins. 

Other cells are also involved, such as inflammatory cells, vascular smooth muscle cells, and lipid 

deposits. Meanwhile, tunica media calcification (Mönckeberg-type calcification) occurs without 

lipid deposits or macrophages. This is also related to several diseases such as diabetes mellitus, 

kidney disease, degenerative and genetic diseases (Okşul et al., 2023). 

 

The BAC calcifications are more often localized in the tunica media. Calcification of the tunica 

media is more diffuse, spreading to small arteries. Meanwhile, calcification of the tunica intima 

usually occurs in the main arteries or larger arteries and is located separately. However, in fact, both 

are difficult to differentiate using x-ray examination or digital mammography (Vos et al., 2022). A 

study by Jha A, et al, concluded that BAC is more often found in the tunica media than the intima. 

The visualization of calcification in the tunica media appears more linear or like a tram-track that is 

dense, rough, and joins to fill the lumen of blood vessels. The incidence of BAC also occurs more 

often in patients who have diabetes mellitus, kidney disease, coronary heart disease, a history of 
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pregnancy, and breastfeeding (Jha et al., 2021). Kadioğlu's study also supports the discovery of two 

rather linear lines with a parallel line connecting the two. Apart, BAC also occurs more often in 

women over 50 years of age (Kadıoğlu & Bahadır, 2022). Another study found that calcification in 

the tunica media increases the probability of heart disease, especially in patients with metabolic 

diseases of the pancreas and kidneys. This is because calcification in the tunica media will result in 

loss of arterial elasticity so that the arteries become stiff (Vos et al., 2022) 

 

Associations of Cardiovascular Risk Factors with Breast Arterial Calcification 

A meta-analysis study, reported an association between arterial calcification and an increased 

probability of developing cardiovascular disease (Koh et al., 2023). Middle artery calcification 

(MAC) based on the mechanism of occurrence is also called Monckeberg's sclerosis. In contrast to 

arterial calcification in the intima, it is found in medium to large-sized arteries, which is also called 

typical atherosclerosis (Monaco et al., 2025; Nikolajević & Šabovič, 2023).The stiffness caused by 

MAC is the main factor that can explain BAC and the incidence of heart and blood vessel disorders 

(Nikolajević & Šabovič, 2023). 

 

Several studies do not show a consistent relationship between BAC and CAD. However, BAC is 

associated as a risk factor for various metabolic and degenerative diseases (Koziol & Frishman, 

2024). Onnis et al differentiate between arterial calcification in the breast and coronary arteries, 

where CAC occurs mainly on the surface of the vessels and is associated with atherosclerosis 

(Onnis et al., 2024). In principle, BAC occurs due to medial sclerosis. Therefore, atherosclerosis in 

the breast arteries is difficult to assess using conventional examination alone (Park & Avolio, 2023). 

 

Some studies have suggested an association between BAC with old age, hypertension, 

hypertriglyceridemia, body mass index problems, homocysteine, and hs-CRP. It is known that a 

high glycemic index stimulates the production of osteogenic proteins, such as Gla matrix, 

osteocalcin, and osteoprotegerin. This will result in calcium accumulation in the tunica media 

(Upadhyay & Kumar, 2025). 

 

Pregnancy and the breastfeeding phase have been found to increase the probability of arterial 

calcification in the breast. This can occur due to the increased need for calcium for breast milk and 

fetal growth. A protein that is useful for bone growth (Osteocalcin) is found in calcified blood 

vessels because its levels increase in the first month of breastfeeding (Lee et al., 2022). An 

association has also been found between BAC and osteoporosis. Decreased bone calcium density, 

which is replaced by sodium, occurs in osteoporosis and BAC patients. Likewise, the finding that 

women in Japan after menopause is closely related to the incidence of osteoporosis in the spine 

(Kim et al., 2022). 

 

Although this review suggests that BAC discovered by mammography is associated with an 

increased probability of CAC primarily in Asian populations, our study also has limitations. There 

are several obstacles in this journal, including the lack of international standardization regarding the 

BAC score as a trigger factor for arterial calcification. In addition, we recommend more research 

related to this topic in Asia and Southeast Asia, so that the research results can be implemented 

further, especially in Indonesia. 

 

CONCLUSION 

In conclusion, breast artery calcification significantly increases the incidence of cardiac artery 

disease in Asian populations, which can be assessed by mammography and requires further 

attention from physicians. This relationship is also influenced by age. The possibility of coronary 

artery disease increases in patients who experience arterial calcification in their breasts. Further 

multidisciplinary research is needed on this topic. We recommend that future research focus more 

on patients and collaborate with women's health departments. It is important to remember that BAC 

is not only observed as a tumor marker, but has value as a predictive factor for CAD as well. It is 

important to encourage healthcare physicians to further discuss BAC and its atherosclerotic 
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management with each patient. Future research should be conducted prospectively. In short, every 

clinician who encounters a BAC case must report and analyze it comprehensively, especially the 

patient's cardiovascular health as well. 
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