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Abstract

Aim: Coronary artery calcium (CAC) score is a scoring system used in the stratification of coronary risks. Breast artery calcification (BAC) is a
type of medial artery calcification that can be visualized using mammography and is also known as arteriosclerosis. It has been reported that
a significant correlation exists between BAC and CAC and that the presence of BAC improves the ability of detecting women with CAC. This
study aimed to evaluate the relationship between mammographically-detected BAC and CAC.

Materials and Methods: A total of 31 patients who presented to our hospital for diagnostic or screening mammography and who underwent
CAC scoring between 2015 and 2018 were included in the study. Agatston method was used to determine the CAC score. Total BAC, which
varies from 0 to 12, was measured based on the number and length of calcified vessels and the severity of mammographically-visualized
calcification.

Results: The mean BAC scores were found to be 0 in 1 patient, 1-3 in nine patients and 4-12 in 21 patients. The mean CAC scores were found to
be 0 in eight patients, 11-100 in 12 patients, 101-400 in eight patients and >400 in three patients. There was a statistically significant positive
correlation between the BAC and CAC scores.

Conclusion: This study revealed a positive correlation between the BACand CAC scores. It was found that mammographic calcification scoring,
which is already commonly used as a screening tool and is more advantageous than tomography, can be used for the early determination of
intermediate risk groups for cardiovascular diseases.
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Introduction

Cardiovascular diseases (CVDs) are the leading cause of death
worldwide with approximately 17.9 persons died from CVD in
2016 (1). Similarly, in our country also CVDs rank first among the
causes of death. According to the data of the Turkish Statistical
Institute, deaths due to CVDs are the leading among all causes
of death by 39.8% (2). In the Western countries, yearly rate of
CVD mortality has been reported as 2-8/1000 in men and 0.6-
3/1000 in women aged between 45 and 74 years. In our country,
this rate has been reported as 7.6/1000 in men and 3.8/1000 in
women in the same age group (3). Identification of asymptomatic

persons who are at a higher risk for future cardiovascular events
is the basis of implementing preventive strategies. Coronary
artery calcium (CAC), score which is a scoring system based on the
measurement of the amount of calcium in the arterial walls that
supply heart muscle is used for the stratification of cardiovascular
risk. Several studies have shown that CAC score is significantly
associated with major cardiovascular events (all causes mortality,
cardiac mortality, and nonfatal myocardial infarction) in middle
and long term follow up (4). However, currently CAC score is not
used in routine screening. The use of CAC is based on clinical
findings and a history of genetic predisposition. Nevertheless,
CAC occurs in the intima of the vessels, and is closely associated
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with aterosclerotic plaque burden. Therefore, the presence of
CACis in fact a diagnostic factor for cardiovascular disease (5).

Breast cancer is the most common type of cancer in women
in the developed and developing countries, and is among the
most important global healthcare problems (6). It ranks second
following lung cancer worldwide (7), accounting for nearly 30% of
all cancers seen in women (8). On the other hand, it is stated that
the chance for healing is high when breast cancer is recognized
in an early period.

Breast Cancer Screening Program National Standards prepared
by the Ministry of Health Public Health Institution recommend
screening every 2 years with mammography in women aged
between 40 and 69 years (9). Breast Cancer Screening Guidelines
by the Turkish Radiology Association accept the age of starting
mammographic screening as 40 years, and recommend yearly
follow up (10). According to these guidelines, it is advisable
to discontinue screening between 70 and 74 years old if life
expectancy is under 5 years depending on the age and presence
of other comorbidities.

Breast artery calcification (BAC) is a type of medial artery
calcification, which can be seen on mammography, and is
also named as arteriosclerosis that is known as Monckeberg
arteriosclerosis (11,12). Recently, BAC has been shown to be a
potential women specific risk factor for both coronary artery
disease and cardiovascular disease (13). However, unfortunately
the presence or absence of BAC is often neglected in
mammographic evaluation. Studies have shown that subclinical
atherosclerosis and cardiovascular disease can be assessed with
mammography (14,15). It has been reported that there is a
significant relationship between BAC and CAC, and the presence
of BACimproves the ability for detection of women with CAC (16).

Mammography provides an important alternative screening
technique to determine the risk of coronary artery disease in
women. Given that millions of women over 40 years old have
mammography, a significant correlation between BAC and CVD
will provide improvement in risk stratification without additional
costs and radiation exposure (17). The objective of this study was
to evaluate the relationship between BACs on mammography
and CAC score.

Materials and Methods

Among the women who presented to our hospital for screening
or diagnosis with mammographic evaluation, a total of 31
women aged between 40-74 years who recently presented for
coronary calcium scoring between October 2015 and June
2018 were included in this study. Women aged under or over

the specified age range, those with a history of stroke, transient
ischemic or coronary artery disease, patients with coronary
stents, advanced coronary calcification, those undergone breast
surgery, and patients with chronic inflammatory diseases such as
infection or autoimmune diseases, hepatic and/or renal failure
were excluded from the study. All BAC and CAC evaluations were
performed by a radiologist specialized on this topic.

Before the beginning of the study, the necessary approval
was received from the local ethics committee with 2/2019.K-
018 numbered decision. Patients included in the study were
informed about the objective of the study and given written and
verbal consents. The study was conducted in accordance with the
principles of the Declaration of Helsinki.

Coronary Artery Calcium Scoring

CAC is a pathognomonic finding of atherosclerosis (18). CAC
may be observed in any stage of atherosclerosis. Therefore,
determination of CAC level is not only a measurement of calcified
plaque burden, but it is also an indicator of the non-calcified
plaque burden of the existing atherosclerotic disease. The most
common method in the measurement of CAC is Agatston score.
This score was described by Agatston et al. (19) in 1990 as the first
practically applicable quantitative CAC protocol. In this method,
any structure with a density of 130 HU or higher and an area of
1 mm? or higher is considered as a calcified focus, and the foci
found in the anatomic regions of coronary arteries as calcified
plaques. Each calcified focus is scored between 1-4 points based
on the peak density. Total Agatston score of each person is
calculated with summation of the scores of each focus (Table 1).

Coronary artery calcium examinations were performed with
visualization between tracheal bifurcation and heart vessel at
early mid-diastole, using a 120-sections computed tomography
device (Siemens Somatom 2015).

Table 1. Risk stratification according to Agatston score

CAC Plaque Cardiovascular Likelihood of

score burden risk obstructive disease

0 No detectable Very low Very low <5%
plaque

190 | Minimal Low Low <10%
plaque

11-100 | Mild plaque Moderate Mild stenosis
Moderate Likelihood of both

101-400 Moderate-to-high | non-obstructive and
plaque truct

obstructive disease

Diffuse Likelihood of at

>400 atherosclerotic | High least one significant
plaque stenosis (>90%)

CAC: Coronary artery calcium
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Breast Artery Calcification

Arterial calcification in the breast is a type of medial calcification,
which can be easily detected on mammography, and is seen as
parallel lines and railways on mammography. Calcification of
the arterial intima is considered as coronary calcification and
is usually accompanied by plaques consisting of lipid deposits.
Whereas BAC occurs in the middle layer of the artery, and known
as Monckeberg medial calcific sclerosis. BAC is a novel potential
risk stratification tool for CVD.

Total BAC score differs between 0-12 points, and is produced
based on three elements on mammography: the number of
calcified vessels (0-6 points), the severity of artery calcification
(0-3 points) and the length of calcified vessels (0-3 points).
Accordingly, the total scores are divided into three categories
with 0 point indicates the absence of BAC, 1-3 points mild
calcification, and 4-12 points significant calcifications (Table 2).

Mammography was performed by acquiring mediolateral
oblique and craniocaudal images including tomosynthesis
(Siemens Mammomat Inspiration 2015).

Statistical Analysis

Data obtained in the study were analysed using SPSS Version 20.0
(SPSS 20.0 for Windows IBM, Virginia, USA) statistical software.
Normality of the data was tested and normal distribution value

Table 2. BAC scoring system

Number of Length of vessels Severity of calcification

vessels

1 1 1/3 involvement | 1 | Spot calcification 1
1/3-2/3 Spot calcification in

2 2 . 2 2
involvement the lumen

Intense calcification

>2/3 in the vessel

3 3 . 3 . . . 3
involvement including tangential

walls and lumen

BAC: Breast artery calcification

Table 3. Correlation between BAC and CAC scores
No | Mild Significant Total | P
BAC | calcification | calcification value

No CAC 1 7 - 8

Minimal plaque

Mild plaque - 2 10 12

Moderate

plaque - - 8 8 0.001

Diffuse

atherosclerotic

plaque - - 3 3

Total 1 9 21 31

BAC: Breast artery calcification, CAC: Coronary artery calcification
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was calculated with Skewness-Kurtosis test. Continuous numerical
variables are expressed median (minimum-maximum) values as
appropriate, and categorical variables as percentage (%). Paired
Student’s t-test was used in the comparison of continuous
variables. The correlation between continuous variables was
studied with Pearson’s correlation analysis. P<0.05 values were
considered statistically significant.

Results

A total of 31 women were included in the study. The median age
of the participants was 57 (40-74) years. BAC scores were found
as 0 in one (3.2%) patient, 1-3 in nine (29.0%) patients, and 4-12
(67.7%) in 21 patients. Both BAC and CAC scores were increased as
the age of the patients increased.

CAC scores were found as 0 in eight (25.8%) patients, 11-100 in
12 (38.7%) patients, 101-400 in eight (25.8%) patients and >400
in three (9.2%) patients. Sample of the study mostly consisted of
the patients with a CAC score between 11-100 and a BAC score
between 4-12.

CAC score was 0 in a patient with a BAC score of 0, while seven
(77.8%) of patients with BAC scores of 1-3 were in CAC 0 group,
and the remaining two patients were in CAC 11-100 group. Of
the 21 patients in BAC4-12 group, 10 (47.6%) were in CAC 11-100
group, eight (38.1%) in CAC 101-400 group and 3 (9.68%) in CAC
>400 group. Accordingly, the highest rate of patients was found
in BAC 4-12 and CAC 11-100 groups by 47.6% (Chart 1).

When the results of t-test and mean values of the groups
were evaluated together, CAC scores were found to be more
effective. Effect of BAC scores on CAC scores was found as 63%.
The correlation between BAC and CAC scores was statistically
significant (r=0.796 p<0.005) (Table 3). When cardiovascular risk
factors related to BAC were examined; Diabetes mellitus was
found in 19 (61.29%), hypertension in 17 (54.83%), hyperlipidemia

Distribution of CAC scores

10% |3%

/

Distribution of BAC scores

68%

mQ ®=]1-100

101-400

400+ =) ®]-3 “4-12

Chart 1. Distribution of CAC and BAC scores

BAC: Breast artery calcification, CAC: Coronary artery calcification
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in 16 (51.61%), smoking in four (12.90%), chronic kidney disease
in two (6.45%) patients and family history in one (3.22%) patient.
The relationship between the presence of BACand cardiovascular
risk factors was given in Table 4.

Samples of moderate and moderate-advanced stage coronary
artery and breast vascular calcifications are given in Figures 1
and 2.

Discussion

CAC scoring has been a risk estimation tool for coronary artery
calcification as an indicator of subclinical heart disease (19).
Higher CAC scores are associated with a higher risk of coronary
events. In addition, the presence of CAC has been used to justify
modification treatments with a more aggressive CAD risk factor
such as aspirin, statins and lifestyle changes (20). Studies have
shown that the extent of CAC is strongly associated with the
rate of future cardiac events, and that high prevalence of CAC
in patients with coronary heart disease make percutaneous
coronary intervention difficult (4).

Table 4. Relationships between the presence of BAC and
cardiovascular risk factors

BAC scores
BAC - BAC +
Number of patients (n) 1 30
Age at mammography (mean + SD) 54 (7.5) 59 (8)
Presence of BAC 1 30
Diabetes mellitus 12 19
Hypertension 14 17
Smoking 4 4
Hyperlipidemia 15 16
Chronic kidney disease 0 2
Family history 0 1

BAC: Breast artery calcification, SD: Standard deviation

Figure 1. Mild calcification in the left anterior descending coronary
artery of a 56-year-old woman with BAC score 4

BAC: Breast artery calcification

Figure 2. Moderate calcification in the left anterior descending
coronary artery of a 74-year-old woman with BAC score 9

BAC: Breast artery calcification

Mammography screening has been widely used in early detection
of breast cancer. BAC is a benign finding on mammography
especially in elderly women. It has been proposed that this
incidental finding can be used as an indicator of vascular disease
(21). Therefore, relationships between BAC and cardiovascular
disease markers and potential risk factors and CAC scores (22,23).

In the present study the relationship between BAC and CAC was
evaluated. As a result of the evaluations and analyses, a strong
correlation was found between BACand CAC. In a study by Pecchi
et al. (16) in 2003, a strong correlation was found between BAC
and CAC. In 2007, Maas et al. (24) reported a strong correlation
between BAC and CAC in 499 women at the end of 9-year follow
up. More recently, in a retrospective study by Chadashvili et al.
(25) with 145 women who were referred for coronary computed
tomography within one year after mammography screening;
a significant association was found between the presence of
CAC>11 and BAC.

BAC rates increase in patients as CAC scores increase. In our study,
BAC scores were found in the range of 4-12 in three patients with
a CACscore >400. In a study by Matsumura et al. (26) in 2013, BAC
scores were significantly increased in women with a CAC score
>400. However, there is currently no exact consensus on this issue
in the literature. In a cross-sectional study by Moradi et al. (27),
the relationship between BAC and CAC was investigated in 150
Iranian women aged >40 years, and no significant correlation
could be found. The authors stated that BAC and the presence of
significant coronary stenosis might be independently associated
with age, and therefore older women were more susceptible for
both BAC and CAC. In our study also, both BAC and CAC scores
were increased as the age of the patients increased.

Several factors might have affected these contradictory results.
Different study designs might be the major factor affecting the
differences between these results. The effect of cardiac risk
factors on coronary arteries should be kept in mind.
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In a study by Wendling (28) in 2016, CAC was found by 47.6%
among 292 women. The authors reported a significant correlation
between CAC and BAC. In our study, moderate cardiovascular
risk was found by 47.6% among the participants. In addition,
we found a strong correlation between CAC and the elements of
BAC (number of calcified vessels, length of calcified vessels, and
severity of calcification). In a study by Fathala et al. (29), similar
results were reported. In addition, in another prospective study
by Dale et al. (30) including 1000 women, the likelihood of CAC
was found as 6.2 times higher in women with BAC compared to
those without BAC in all age groups. The results of that study
which has a high number of participants and those of the other
studies indicate that mammography could be a helpful tool for
the screening of coronary vascular disease. Likewise, previous
studies except for the study by Moradi et al. (27), in our study
also a significant correlation was found between BAC and CAC
scores. However, the reported results should be cautiously
interpreted. Because there is difference between sample sizes
of the studies, and participants have already presented for
computed tomography screening in most of these studies. In
addition, different methods and threshold values were used for
the measurement of CAC scores among the studies. Sensitivity
of BAC in prediction of CAC on mammography is variable and is
reported between 17% and 91%. Again, specificity of BAC score is
reported between 54% and 94% in different studies. Therefore,
further studies with larger cohorts are needed for establishing
a definitive consensus on the relationship between these two
scores in the literature and introduction of BAC score in routine
clinical practice for the prediction of CAC.

Study Limitations

This study has several limitations. First, the number of patients
was relatively small. Second, we included only the women who
presented for CAC score evaluation. Finally, the study has no long
term follow up data. However, we believe that our results would
provide contribution to the future consensus on this issue in the
literature.

Conclusion

We found a positive correlation between BAC and CAC scores in
the studied sample. This correlation between BAC and CAC scores
could be used as a diagnostic tool in asymptomatic women.
Criteria of this diagnostic method could be determined with
further studies including a larger series of patients and longer
follow-up.
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