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ABSTRACT 

Introduction and Aim: Cardiovascular disease is a leading cause of death worldwide. Thus, the detection of mammographic arterial calcifications can 
be an early, noninvasive instrument for predicting the possible development of coronary heart disease in women. The current work aimed to 
assess the significance of Breast arterial calcification (BAC) detected by digital mammogram and its relation to coronary artery calcium score 
and degree of coronary artery stenosis if present. 

Patients and methods: The study included 100 female patients submitted to digital mammography for breast cancer screening programs and showed 
BAC then coronary artery calcification (CAC) score and multidetector coronary computed tomography angiography (MDCCTA) had done to 
determine the severity of coronary artery stenosis.  

Results: The age was ranged between 40 and 80 years; the mean was 56.7+9.42 years. The prevalence of positive BAC and CAD were 50% and 10%, 
respectively. Hypertension, diabetes mellitus (DM), hyperlipidemia, and Family history of cardiovascular disease was higher in the BAC (+) than 
in BAC (-) group. The presence of BAC appears to strongly and proportionately correlate with CAC Score and Coronary artery stenosis as 
determined by coronary CTA (r =0.809, and r = 0.811, respectively). 

Conclusion: BAC can indicate a risk of CAD development. Besides, there was a significant correlation between BAC and some cardiac risk factors ( 
e.g., age, family history of CAD, and DM). 
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INTRODUCTION 

Breast cancer and coronary artery disease (CAD) remain the 
leading cause of morbidity and mortality among women. Preventive 
measures and screening tools are required to reduce associated 
morbidity or mortality (1).  A major percentage of CAD populations still 
present by myocardial infarction (MI) or even death, irrespective of 
crucial advances in the field of CAD prevention (2).  In asymptomatic 
females, the use of routine CAD screening is a matter of intense 
controversy. However, in clinical practice, breast cancer is commonly 
screened by mammography (3).  

 Breast arterial calcification (BAC) is medial calcific sclerosis, with 
characteristic linear, parallel opacity, presented as a “tram track” on a 
mammogram. BAC is a relatively common finding on mammogram with 
a prevalence rate of 29.4%. However, BAC is not considered a warning 
sign for breast cancer. Thus, sporadically reported (4). 

  However, several trials reported that the BACs are linked to 
atherosclerosis and associated with an increased risk of CAD or CV 
events (5). Besides, there is an increase in interest if BAC existence 
could improve the risk assessment of CV events. To reduce radiation 
exposure and cost, the potential link between BAC and cardiovascular 
disease could be identified from mammography, which could be 
considered an opportunity to improve risk stratification (6).   

Multiple trials have demonstrated a significant link between BAC 
and coronary arterial calcification (CAC). Coronary artery calcium score 
was introduced as a promising tool to stratify the risk of CVD, reflected 
in the 2018 updated 2018 guidelines of the American Heart Association 
(AHA) on blood cholesterol management (2). 

AIM OF THE WORK 

This study aimed to evaluate the significance of BAC detected by 
digital mammogram and its relation to coronary artery calcium score 
and degree of coronary artery stenosis if present.  

PATIENTS AND METHODS 

This study included 100 female patients, more than or equal to forty 
years of age, who underwent digital mammography for breast cancer 
screening programs and showed BAC then CAC score and MDCTCA 
had done to determine the severity of the coronary artery stenosis. All 
Patients were subjected to full clinical assessment (history and clinical 
examination). The clinical evaluation included an inquiry about potential 
risk factors, positive family history of any heart disease, and any cardiac 
incidents reported by the patient herself. 

Screening mammograms were completed using a full-field digital 
system (Fuji film Amulet Innovality Digital Mammography, Japan) to 
acquire standard views. Mammograms were assessed for BAC by a 
radiologist. BAC was recognized as vascular calcification (VC) in one or 
both breasts. The BAC grade was determined using a classification 
scale defined by Loberant et al. (7).  

Calcium scoring was performed using 80 dual MDCT systems 

(TOSHIBA Aquilion Prime 80 dual CT Scanner). A coronary CT calcium 
scan image was transmitted to a 3-dimensional (3D) workstation 
(Vitrea) and analyzed by an independent radiologist. CAC score was 
measured using the Agatston scoring system; the score is calculated 
using a weighted value allocated to the highest calcification density in a 
specific coronary artery.  

According to the calcium score, CAD grading is zero grade for no 
evidence for CVD, minimal for scores one to 10, Mild for 11 to 100, 
Moderate for scores 100 to 400, and severe for scores higher than 400. 
CMDCTA was used to assess the coronary arteries to diagnose CAD. 
According to the severity of the artery stenosis, patients were classified 
into three groups. The first is normal, with no stenosis, the second is 
non-significant stenosis for luminal narrowing of < 50%, and significant 
stenosis for luminal narrowing of ≥ 50%. 

Statistical analysis: data were analyzed, organized, presented in 
tables and suitable graphs and analyzed according to standard 
statistical methods using the computer program SPSS (Statistical 
package for social science) version 22.0 (IBM®SPSS®, Chicago, USA). 
Frequencies and descriptive statistics were calculated for studied 
variables. Categorical variables were compared by chi-square tests and 
quantitative by Student “t” tests. Pearson’s correlation was used to 
address the correlation of the prevalence and extent of CAC to BAC. P-
values < 0.05 was statistically significant. 

RESULTS 

One hundred females completed the study. Their age ranged 
between 40 to 80 years, and the mean age was 56.7±9.42 years. They 
were allocated for digital mammography for the screening of breast 
cancer. Fifty percent showed breast arterial calcifications (BAC). Then 
those patients performed CAC score and MDCTCA to determine the 
severity of coronary artery stenosis.  

Coronary problems were discovered in 10% of the total population 
and 20% of BAC positive group. BAC positive patients were significantly 
older than BAC negative patients. In addition, the percentage of positive 
family history of (CVD) is 64% in the total population, with a significant 
increase in positive when compared to the negative group. Also, 40% 
of studied females had diabetes, with a significant increase in diabetes 
in the positive group. Hypertension was reported in 51.0% and 
hyperlipidemia in 42.0%, with no significant difference between positive 
and negative BAC groups (Table 1). According to Loberant et al. (7), 
grade 0 was reported in 50% of studied populations, grade- I was found 
in 32%, grade II discovered in 11%, and grade III in 7% (Figure 1). In 
addition, CAC Scoring revealed that no evidence of CVD was found in 
50.0% of the total population, minimal disease in 40%, mild in 5.0%, 
moderate in 3%, and severe in 2% (Figure 2).   CMDCTA revealed that 
80.0% of positive BAC patients were normal (had no stenosis), 14% had 
non-significant stenosis, and significant stenosis was reported in 6.0%. 

In the current work, there was a strong (r>0.07), proportional 
(positive) correlation between BAC severity and each of coronary artery 
stenosis and CAC (Table 2).  

 

Table (1): Patient characteristics and risk factors 

 Negative BAC (n=50) Positive BAC (n=50) P - Value 

Age 54.5 + 7.79 58.8 + 8.60 0.02* 

Family history of CVD 24 (48%) 41 (82%) <0.001* 

DM 14  (28) 26 (52%) >0.014* 

Hypertension 27 (54%) 34 (77%) 0.15 

Hyper-Lipidemia 17 (34%) 25 (50%) 0.11 
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Figure (1): Percentage of BAC severity in total population. 

 

Figure (2): Percentage of CAC severity in total population 

 

Table (2): The relation between BCA and CAC Score. 

 BAC Severity 

r p 

Coronary Artery Stenosis .811** <0.001 

CAC .809** <0.001 

**. Correlation is significant at the 0.01 level  

50%

32%

11%

7%

Grade 0 Grade I Grade II Grade III

50%

40%

5%
3% 2%

No Minimal Mild Moderate Severe
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Figure (3): (A&B) images show CC view of right breast showing BAC Grade I (minor punctate vascular calcification). (C, D, E&F)) images show Curved 
MPR images and Calcium scoring showing: Calcium scoring 161, LM bifurcate to LAD & LCX, the proximal and middle part of LAD show multiple 
calcified plaques with mild stenosis <50%. LCX show two small marginal calcified plaque seen at the middle part with no significant stenosis. 
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DISCUSSION 

CVD still a significant etiology of death, causing 1/4th of deaths in 
the United States (8).  

Mammography is a vital substitute screening tool to recognize the 
risk of CAD in females. The past decades witnessed an increasing 
interest in BAC. BAC could be defined as a medial arterial 
calcification, usually discovered accidentally on mammography. It 
may represent a reflection of coronary calcification (4). 

BAC is found in about 1/5 of patients who come to evaluate 
suspected CAD, and BAC existence and grade are associated with 
the CV risk score. Patients without BAC are unlikely to have CAD (9).  

It has been proposing that this accidental finding might be a 
marker of generalized vascular disease (6).  

For this reason, a large number of research studies have been 
conducted to investigate the link between BAC and CVD, its markers, 
and potential risk factors. However, evidence that the presence of 
BAC is associated with an increased risk of CVD morbidity and 
mortality is currently growing up. 

Few studies are present to compare between BAC and CAC. In 
one semi-quantitative study of 74 post-menopausal females, there 
was a strong correlation (0.55 to 0.89) between BAC and CAC (10).  

Margolies et al. followed up 499 females for up to 9 years and 
reported a significant link between BAC and subsequent development 
of CAC. However, they did not quantify CAC or BAC (11). Thus, in the 
current work, we aimed to investigate if there was an association or 
correlation between mammographic BAC and CVD and related risk 
factors. Hence, BAC recognition during routine mammography 
represented an important determinant factor in the identification of 
asymptomatic females at increased risk of future CVD that may be 
candidates for more specific treatment (12) 

We found that BAC's prevalence is 50% (50 BAC-positive women 
out of 100). Then there was a significantly high association of BAC 
inpatients and more severe coronary artery stenosis, besides a high 
association of BAC and CAC scoring.  

Our results were in line with some studies. For example, Fathala 
et al. (13) demonstrated that BAC detected by the routine mammo-
graphic investigation was considered as an independent risk factor for 
multiple CV events among females.  

Moradi et al. (14) had reported a significantly higher prevalence of 
BAC in women with more severe stenosis of the coronary artery. They 
studied 74 post-menopausal females aged < 65 who had routine 
mammography and determined their CAC score. They graded their 
mammograms according to two main factors (severity and extension). 
They reported a strong correlation between the existence & severity 
of BAC with CAC. 

In addition to Margolies et al. (11) found that calcifications in the 
breast arteries are related to CAC occurrence. However, they 
suggested that mammograms may not be a useful tool in females' 
CAD risk assessment.  

Another study has demonstrated a positive relationship between 
BAC and diagnosed CAD. Penugonda et al. (15) A study of 94 women 
who had a mammographic examination and invasive coronary 
angiography (ICA) reported that BAC was not linked to CV risk factors, 
suggesting that BAC, is not a useful predictor for CAD in intermediate 
high-risk patients. 

In another case-control study, Ali et al. reported that, BAC was a 

risk factor for CAD development. Other risk factors included 
hypertension and a positive family history of CAD (16). 

Zgheib et al. (17) researched with the participation of 172 females 
who underwent coronary artery catheterization and correlated findings 
with their mammographic study. They did not found any correlation 
between BAC and coronary angiography–confirmed CAD, even when 
CAD severity was considered. 

A difference in the pathophysiological basis of BAC and coronary 
atherosclerosis could interpret these conflicting data. BAC mainly 
affects the arterial media, while coronary atherosclerosis affects the 
arterial intima. The abnormalities on the functional and microvascular 
CV circulation, rather than vascular stenosis, tend to be a more 
predominant CAD feature in females. Therefore, it is possible that 
BAC has a role in the development of microvascular abnormalities, 
even in the absence of angiographic CAD, and it could have a role in 
CVD risk in females (18). 

But our finding could be attributed to the effects of CVD risk factors 
as a covariate. It means that both BAC and the presence of more 
significant coronary artery stenosis could be independently correlated 
with these risk factors. In our study, we examined the prevalence of 
BAC with conventional CAD risk factors. In our analysis, age, a family 
history of CAD, smoking, DM, hypertension, and hyperlipidemia were 
compared between positive and negative BAC patients. There was a 
strong link between BAC and many CAD risk factors, including age, a 
family history of CAD, and DM. Simultaneously, there were statistically 
differences in hypertension and hyperlipidemia. 

The association between BAC and CAC risk factors has been 
investigated in previous trials. For example, Margolies et al. (11) found 
an association between BAC and potential risk factors, such as patient 
age, hypertension, hyperlipidemia, diabetes, smoking, and chronic 
kidney disease (CKD). 

Fathala et al. (13) reported that BAC positive females were 
markedly older than BAC negative women and found a strong 
correlation between BAC and CAC, DM, hypertension. 

However, Penugonda et al. (15) found that BAC was not associated 
with any of CV risk factors. 

The evidence on the association between CAD and BAC is 
currently debated, with some negative and some negative 
associations, including the current one. However, the relation between 
BAC and CAC appears to be more consistent, with the vast majority 
of previous trials with a positive correlation between the scores of BAC 
and CAC. 

Our study had many limitations. It is a retrospective single-center 
study, with inability to exclude selection bias. The application of study 
results to general populations must be done with caution. The study 
sample was relatively small with no long-term follow-up, limiting our 
results on the long-term occurrence of CV events. Finally, the study 
was conducted on the local population with inability to apply the study 
on the population with a certain social background. 

In conclusion:  BAC can predict and indicates mild or higher risk 
for CAD development.  We suggested that BAC on mammography 
can be used to marker an increased risk of developing CAD, even in 
asymptomatic females. However, further large-scale prospective 
research with long-term outcomes is necessary.  
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