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Background: Breast arterial calcification (BAC) is easily detected and commonly observed on screening
mammography. That is more frequent among people with diabetes, and these people are at risk of coronary
artery disease. The incidence of BAC increases with advancing age. We aimed to determine whether BAC
detected by mammography is associated with the development of coronary atherosclerosis in asymptomatic
women. It can help reduce morbidity and mortality secondary to atherosclerotic cardiovascular disease.
Methods: We included one hundred and eighty women over the age of 40 who underwent mammography
screening in this multi-modality study. Mammography evaluated the presence of calcifications, the number
of involved arteries, and the distribution. We questioned the patients about cardiovascular risk factors such
as hypertension and diabetes. The coronary artery disease severity was assessed according to both Agatston
and calcium scores on coronary computed tomography (CT). Besides, the relationship between these scores
and correlation with carotid artery intima-media thickness was investigated. We stated mean and standard
deviation (SD) for continuous variables and reported frequency distributions and percentages. SPSS software
version 25.0 was used to perform the analysis.

Results: Overall, 302 of 3,600 cases were positive for BAC. However, 120 of them could be included in
the study by the eligibility criteria of our research. In univariate analysis, age, hyperlipidemia, DM, HT,
and smoking history were risk factors that significantly affected BAC development. The impact of age and
diabetes were maintained in the logistic regression analysis (P<0.005), while the significant effect of the other
variables was vanished (P>0.02). Furthermore, moderate and high BAC scores were correlated with higher
coronary atherosclerosis scores.

Conclusions: BAC may predict an additional risk factor for coronary artery disease, particularly in
patients having higher scores. That may be an accurate indicator for subsequent development of coronary
arterial calcifications so that it may be possible to reduce morbidity and mortality associated with coronary

atherosclerosis.
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Introduction

Mammography is an established, widely accepted, and easily
accessible imaging modality to diagnose breast cancer in
the early phase. The women undergoing mammography
screening are candidates for atherosclerotic cardiovascular
disease (ASCVD) because of age (1,2). However, the
clinical importance of the data representing subclinical
atherosclerosis is frequently ignored during the routine
assessment. This data includes breast arterial calcification
(BAC), which is related to an increased risk of cardiovascular
disease (CVD). BAC is a benign and incidental finding from
an oncological perspective, and mammographic detection
can predict whether a patient has a high risk for CAD. Such
knowledge may be helpful in the improvement of CVD risk
analysis like coronary arterial calcification (CAC) has been
verified by numerous studies (3,4). Vascular calcification
is a significant and independent risk factor for mortality
and morbidity. Therewithal, BAC has been identified as
a “women-specific risk marker” for ASCVD. For a long
time, vascular calcification is believed to be a passive part
of aging, and “wear and tear” are now considered an active,
cell-mediated complex process that is regulated but not yet
tully elucidated (5-7).

BAC is encountered as an incidental finding which is
uncommon in women younger than 50 years of age, emerges
most likely by increasing age. There is a characteristic
pattern of linear amorphous calcification bounded by
two parallel lines forming a tram-track appearance. That
involves the entire circumference of the vessel and precisely
represents arteriosclerosis of peripheral arteries. ASCVD is
one of the most important causes of morbidity and mortality
in older women (6-9). That is defined as a multifactorial
chronic inflammatory disease with a heterogeneous clinical
picture. Age, diabetes mellitus (DM), hypertension (HT),
smoking, and hyperlipidemia are shown as independent
risk factors. Quantitative measurements such as carotid
intima-media thickness (C-IMT) and coronary computed
tomography (CT) calcium score, considered a valuable
indicator for atherosclerosis, are used in radiological
practice. It is predicted that BAC detected in mammography
screening can be used as an indicator of CAD. However, in
some coronary artery studies, it is claimed that BAC may not
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be an accurate marker for coronary atherosclerosis (10-15).

This multi-modality study aimed to examine the
relationship between BAC detected by mammography
screening and some other risk factors quantitatively, and
thus to evaluate whether BAC could be a “female-specific
indicator” of coronary atherosclerosis.

Methods

This retrospective study was conducted in accordance
with the Declaration of Helsinki (as revised in 2013).
The ethics committee of Baskent University Faculty of
Medicine approved the study, and informed consent was
taken from all the patients. Breast imaging services include
digital mammography, breast ultrasound, and breast
magnetic resonance imaging (MRI) if needed as a further
imaging modality at our medical research and training
center. A physician referral or order is usually required.
Patients were questioned about smoking, cardiac disease,
HT, DM, hyperlipidemia by the patient data form as a
routine procedure and recorded data for each patient. The
responses were entered into the hospital data system. HT
was defined as diastolic blood pressure above 90 mmHg,
or systolic blood pressure is above 140 mmHg or
antihypertensive medication. DM was diagnosed as follows;
if the fasting plasma glucose concentration was higher than
126 mg/dL on two different occasions, or if the patient was
on treatment with an antidiabetic agent. A patient having
a total cholesterol level above 200 mg/dL was identified as
hyperlipidemia. Smoking was described as current smoking
or having a history of smoking habits. An active smoker
was described as a respondent who had smoked at least
half a pack a day for more than 5 years. We aimed to reach
a statistically more significant and reliable result about
smoking, BAC, and coronary atherosclerosis association by
determining such a smoking intensity model.

We included the patients who underwent mammography
examination between the Ist of January 2015 and the 1st of
December 2020 in this study. Overall, 3,600 mammography
screenings were evaluated, and 302 were identified as BAC
(+) patients. Likewise, by retrospective review of the imaging
database at the medical research and training center, images
of all patients undergoing both mammography screening

Quant Imaging Med Surg 2022;12(1):457-469 | https://dx.doi.org/10.21037/qims-21-98



Quantitative Imaging in Medicine and Surgery, Vol 12, No 1 January 2022 459

Total MGs Retrospectively Evaluated: 3,600 Patients

!

Overall BAC (+) Subjects: 302 Patients

!

No Coronary CT Evaluation: 133 Patients - Excluded

!

Chronic Kidney Disease (CKD): 24 Patients - Excluded

!

MGs Reported as BI-RADS 4,5,6: 17 Patients - Excluded

!

Breast & Chest Radiotherapy History: 8 Patients - Excluded

!

BAC (+) Study Subjects: 120 Patients

Figure 1 Formation scheme of BAC (+) study group. Sixty BAC (-)
subjects were included as the control group to make a comparative
statistical analysis. BAC, breast arterial calcification; MG,
mammography; BI-RADS, Breast Imaging-Reporting and Data
System.

and coronary CT (calcium scoring) within 5 years were
analyzed. Images of the patients who underwent coronary
CT (angiography and calcium scoring), carotid artery
Doppler US examination, and mammography within 1 year
were analyzed. We excluded 17 cases having suspicious
malignant findings or histopathologically proven malignant
lesions on mammography, which had been reported as
Breast Imaging-Reporting and Data System (BI-RADS) 4,
5, or 6. The number of patients excluded from the study
because of breast or chest region radiotherapy history was 8;
radiotherapy may be the reason for dystrophic calcifications,
lipoid necrosis. Besides, 24 patients having chronic kidney
disease (CKD) were not included in the study because
CKD is a proven and well-known vital risk factor of
atherosclerosis, vascular calcifications (9,14-17). We had to
exclude 133 subjects who had no coronary CT evaluation
in our digital archives. Among the remaining individuals,
120 BAC (+) females were identified, determination of the
case group and age distribution were shown in Figure 1 and
Table 1, respectively. Also, 60 BAC (-) mammography
screenings were included in the study as the control
group. BAC (-) patients were randomly selected, and
this group was formed by a similar age distribution with

© Quantitative Imaging in Medicine and Surgery. All rights reserved.

Table 1 Distribution of BAC (+) and BAC (-) patients by age,
10-year pooled (n=180)

Age (years) BAC (+), n (%) BAC (), n (%)
40-49 46 (38.3) 24 (40.0)
50-59 35 (29.2) 16 (26.7)
60-69 22 (18.3) 11 (18.3)
70-79 12 (10.0) 6 (10.0)
>80 5 (4.2) 3 (5.0)
Total 120 (100.0) 60 (100.0)

BAC, breast arterial calcification.

BAC (+) group, regardless of chronic disease history.
Ultrasonographic C-IMT measurements in all of these
180 participants were recorded for each from the digital
database. CAC scores, C-IMT values were all compared so
that the presence of statistically significant difference was
investigated. Moreover, whether chronic diseases have a
substantial effect on BAC was evaluated statistically.

One hundred and eighty patients were included in the
study, as shown in Tuble 1. The median age of all BAC
(+) and BAC (-) groups was approximately 56 years.
Respondents’ ages were between 40 and 86 in BAC (+)
group and between 40 and 83 in BAC (-) group. All patients
in the study were of the Turkish race.

Standard digital mammograms (full-field) were acquired
in the craniocaudal (CC) and mediolateral oblique (MLO)
positions on a GE Senographe 8007, General Electric
(Buc-Cedex, France). All mammograms were assessed
on standard 5.1-megapixel mammography monitors by
two radiologists who were experienced more than 7 years
and were blinded to each other’s BAC evaluation reports,
patients’ clinical history, and coronary calcium score.

The coronary calcium score is calculated by multiplying
the area of calcification by the weighted value assigned to
its highest Hounsfield unit (HU) and summed for all lesions
on CT. This quantification is defined as the Agatston score.
The calculated scores were classified as follows in leveling
the risk for CAD (coronary artery disease); 0 no risk, 1-10
minimal, 11-100 mild, 101-400 moderate; >400 high risks.
The percentile distribution of calcium score adjusted by
age, gender, and the race was calculated based on the Multi-
Ethnic Study of Atherosclerosis (MESA). MESA excluded
patients having diabetes and chronic renal disease to reduce
the effect of main secondary factors (10). In this study, we
made statistical evaluations by measuring the coronary
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calcium score with both the Agatston (0-1,000) system and
the CAC score (0-12) as previously performed by Shemesh
et al. (18). According to the second one; each of the four
main coronary arteries was identified (left main, left anterior
descending, circumflex, and right), and the existence
of CAC in each artery was categorized as absent, mild,
moderate, or severe and scored as 0, 1, 2, or 3, respectively.
The CAC was classified as mild when less than one-third
of the length of the entire artery showed calcification,
moderate when one-third to two-thirds of the artery
showed calcification, and severe when more than two-thirds
of the artery showed calcification. With four arteries thus
scored, each participant received a score from 0 to 12. The
CAC scores were divided into three categories of increasing
severity: 0, 1 to 3, and 4 to 12, which are firmly predictive of
cardiac outcomes in several studies (19,20). CT evaluations
were acquired by Siemens SOMATOM Sensation 64 eco
CT scanner (Wuxi, Jiangsu, China). We included both
Agatston and CAC scores in the study because we use these
scores in routine radiological practice. Therefore, we aimed
to reinforce the statistical value of the results obtained by
conducting a detailed comparative analysis.

Furthermore, ultrasonographic evaluation and
measurement of C-IM'T were made by the single radiologist
who was blinded to mammography findings and the
clinical data, and all patients were examined by using the
Siemens Acuson S2000 Ultrasound system (Mountain View,
CA94043, USA). C-IMT measurements were made with
the B-mode ultrasound examination by using a 12-MHz
linear array transducer. The common carotid artery (CCA)
was examined on both sides; meanwhile, the respondent was
lying supine. The head was directed away from the side of
interest, and the neck was slightly extended position. The
distal segment of CCA that is 1 cm proximal to the carotid
bifurcation was identified. The C-IMT of the distal wall
was evaluated as the distance between the lumen-intima
interface and the media-adventitia interface. Bilateral
C-IMT measurements were obtained from three adjacent
segments at 1-2 mm intervals, and the average of these
three was used for analyses. The average of both carotids
was recorded as the C-IMT value. While measuring IM'T,
the carotid plaques were not considered.

As applied previously in several studies, the scoring
system was used to make a robust comparative quantitative
analysis of the severity of atherosclerosis in women with
BAC (11,12). The scoring system was as follows; the
number of vessels involved in each breast was recorded
and numerically coded as 1 to 6; if there were more than
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six calcified vessels, it was coded as 6. According to the
length of vascular segment involvement, it was coded as
follows; none (scored as 0), less than one-third (scored as 1),
between one-third and two-thirds (scored as 2), and greater
than two-thirds (scored as 3). The calcium density of the
most severely affected vascular segment was recorded as
follows; none (scored as 0), mild with clear visualization of
the lumen or only one vessel wall involved (scored as 1),
moderate with clouding of the lumen, and calcification
of both tangential walls (scored as 2), and severe with no
visible lumen (scored as 3). Each participant has received
a BAC score between 0 and 12 after summing up all these
three numbers for each breast. If scores were different
for each breast in a patient, then the highest value was
recorded as the one final score for each case. The BAC
results were also classified into three categories according
to their severity; 0, 1 to 3, and 4 to 12. The frequency of
calcified breast arteries, the maximum length of the vascular
calcifications, and the maximum density of the calcifications
for the 10-year pooled age categories rose with increasing
age (P<0.001).

We reported mean and standard deviation (SD) for all
continuous variables. For categoric variables, frequency
distributions and percentages were stated. SPSS software
(version 25.0) was used to perform the statistical analysis of
this study. Logistic regression analysis was used to determine
the relationship of BAC to CAC while adjusting for the
common risk factors of age, chronic diseases as reported on
a questionnaire before the mammography screening. The
comparison of variables between the groups was registered
using the Chi-squared test (or Fisher’s exact test for specific
parameters) and independent samples #-test. The Pearson
correlation test assessed the correlation between C-IMT
and continuous clinical and laboratory parameters; however,
the correlation between C-IMT and nominal variables
was evaluated by the Point-Biserial correlation analysis.
Logistic regression analysis was performed by including the
parameters which were significantly different between the
two groups to determine independent predictors of BAC.
Standardized B-regression coefficients and their significance
from multiple linear regression analysis were recorded. A
two-tailed P<0.005 was reported as a statistically significant
value.

Results

The patient population was diverse by age distribution and
120 BAC (+), 60 BAC () cases; overall, 180 patients were

Quant Imaging Med Surg 2022;12(1):457-469 | https://dx.doi.org/10.21037/qims-21-98



Quantitative Imaging in Medicine and Surgery, Vol 12, No 1 January 2022 461

Table 2 Distribution of BAC (+) participants by chronic diseases

Diseases Subcategory N %
HT +) 38 31.7
) 66 55.0
Unsure 16 13.3
DM ) 20 16.7
) 92 76.7

Unsure 8 6.7
Smoker Current 21 17.5
Past 33 275
Passive 41 34.2

Hyperlipidemia (+) 11 9.2
=) 88 73.3
Unsure 21 17.5

BAC, breast arterial calcification; HT, hypertension; DM,
diabetes mellitus.

included (7able 1). The prevalence of BAC was 8.4% (302
of 3,600 patients) in this study, consistent with the several
previous studies 8-16% (17-19).

BAC (+) patients by concerning smoking history; 21
(17.5%) of the patients participating in the study defined
that they were currently smoking, 41 (34.2%) women had
a history of passive smoking exposure, and 33 (27.5%)
respondents had smoked in the past. Regarding HT,
38 (31.7%) participants knew they had H'T, 66 (55.0%)
respondents were not aware of HT, and 16 (13.3%) patients
were not sure whether they had high blood pressure.
Regarding DM, 20 (16.7%) patients had a story of DM, 92
(76.7%) participants declared they did not have DM, and
8 (6.7%) individuals were unsure. In BAC (+) study group
concerning CAD, 10 (8.3%) patients indicated that they had
CAD, 74 (61.7%) individuals stated that they did not have
a history of CAD, and 36 (30.0%) participants were unsure
whether they had CAD. Regarding hyperlipidemia, 11
(9.2%) participants had a clinical story of hyperlipidemia,
88 (73.3%) females declared they had no hyperlipidemia,
and 21 (17.5%) patients were unsure. The mentioned
data are presented in 7able 2. In univariate analysis, age,
hyperlipidemia, DM, HT, and smoking history were
separate risk factors that significantly affected BAC
development. However, only the impacts of age and DM
were maintained in the logistic regression analysis (P<0.005),
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Table 3 Mean C-IMT of participants by 10-year pooled age
groups: the table displays the effects of age on C-IMT and BAC
(C-IMT as a gold standard indicator of atherosclerosis)

Mean C-IMT (mm)

Age (years) P value
BAC (-) BAC (+)

40-49 0.86 0.89 0.013
50-59 0.92 1.03 <0.005
60-69 1.05 1.22 <0.001
70-79 1.23 1.35 <0.005
>80 1.33 1.41 0.01
Overall 1.03 1,15 <0.005

C-IMT, carotid artery intima-media thickness; BAC, breast
arterial calcification.

—_
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n=180 B
1.4 P<0.001 g
12 - 8 -~
£ : -8
1.0 8 T p
= ° e °
19} E ,"/ E
0.8 L
78
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BAC (-) BAC (+)

Figure 2 Graph demonstrating increased common carotid artery
intima-media thickness (C-IMT) in BAC (+) group participants
(P<0.005). The dashed line represents the significant correlation
between the C-IMT and the presence of BAC on mammography
=0.6). There

is a significant difference in mean C-IMT values between the two

(Point-Biserial correlation coefficient (P<0.005 and r,,

groups, statistically. BAC, breast arterial calcification.

while the significant effect of the other chronic diseases was
distinctly disappeared (P>0.02).

Besides, carotid artery IM'T measurements were recorded
from the digital database for all 120 individuals participating
in the study. We defined a significant relationship between
age and C-IMT, and IMT increased as age advanced. A
correlation was also found between the BAC score and
C-IMT, as displayed in 7able 3. The correlation was defined
between IMT and BAC in the whole study group, as shown
in Table 3 and Figure 2 (P<0.005).

BAC has been correlated with Agatston coronary calcium
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Table 4 Relationship between BAC & Agatston Scores according to the quantitative evaluation

Agatston score, n (%)

BAC score P value
0 1-10 11-100 101-400 >400 Total
0 35 (19.4) 9 (5.0 8 (4.4) 5(2.8) 3(1.7) 60 (33.3) <0.001
1-3 15(8.3) 26 (14.4) 17 (9.4) 16 (8.9) 12 (6.7) 86 (47.8) <0.001
4-12 1(0.6) 8 (4.4) 11 (6.1) 8 (4.4) 6 (3.3 34 (18.9) <0.001
Total 51 (28.3) 43 (28.9) 36 (20.0) 29 (16.1) 21 (11.7) 180 (100.0) -
BAC, breast arterial calcification.
Table 5 Relationship between BAC & CAC scores: quantitative analysis of coronary atherosclerosis in the whole study group
CAC score
BAC score P value
0 (%) 1-3 (%) 4-12 (%) Total (%)
0 (none) 42 (28.3) 12 (6.7) 6 (3.3) 60 (33.3) <0.001
1-3 (mild) 33 (18.3) 36 (20.0) 17 (9.4) 86 (47.8) <0.001
4-12 (moderate & severe) 7 (3.9 15(8.3) 12 (6.7) 34 (18.9) <0.001
Total 82 (45.6) 63 (35.0) 35 (19.4) 180 (100.0) -

BAC, breast arterial calcification; CAC, coronary arterial calcification.

Table 6 Marginal frequency distributions to BAC & CAC scores in

the whole study group

Score N (%) P value
CAC score: 0 82 (45.6) <0.001
CAC score: 1-3 63 (35) <0.001
CAC score: 4-12 35 (19.4) <0.001
BAC score: 0 60 (33.3) <0.001
BAC score: 1-3 86 (47.8) <0.001
BAC score: 4-12 34 (18.9) <0.001

BAC, breast arterial calcification; CAC, coronary arterial
calcification.

score equal to or greater than 11 (P<0.001), and CAC score
equal to or greater than 4 corresponds to a greater risk of
developing CAD, as exposed in Tables 4-6. Agatston scores
higher than 11 were established in 71.7% (86 of 120) of
patients with BAC, as shown in Table 4. Women with BAC
score 0; have Agatston scores of 0, 1-10, 11-100, 101-400,
and 401-1,000; 19.4%, 5.0%, 4.4%, 2.8%, and 1.7%,
respectively. Patients with BAC score 1-3; have Agatston
scores of 0, 1-10, 11-100, 101-400, and 401-1,000; 8.3%,
14.4%, 9.4%, 8.9%, and 6.7%, respectively. Participants
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with BAC score 4-12; have Agatston scores of 0, 1-10,
11-100, 101400, and 401-1,000; 0.6%, 4.4%, 6.1%, 4.4%,
and 3.3%, respectively, as displayed in 7able 4. On the other
side, 26.7% (16 of 60) of patients without BAC had calcium
scores equal to or greater than 11. As a result, women with
BAC score 0; have CAC scores of 0, 1-3, and 4-12; 23.3%,
6.7%, and 3.3 %, respectively. Patients with BAC score 1-3;
have CAC scores of 0, 1-3, and 4-12; 18.3%, 20.0%, and
9.4%, respectively. Participants with BAC score 4-12; have
CAC scores of 0, 1-3, and 4-12; 3.9%, 8.3%, and 6.7%,
respectively, as shown in 7able 5. In the whole study group,
marginal frequency distributions according to BAC and
CAC scores were presented in Table 6.

In the evaluation made by reference to the MESA study,
that means when gender and age factors are considered,
the presence of BAC showed a statistically significant
correlation with percentile scores greater than 25. As a
result, it was observed that 68.3% (82/120) of patients with
BAC had a percentile score greater than 25, indicating
the risk for CAD. A statistically significant relationship
was determined between BAC (P<0.001) and diabetes
(P<0.005) as well. There was no association between BAC
and hyperlipidemia (P>0.01). Consequently, according to
the univariable and multivariable statistical analysis age,
and diabetes were all found to be related to BAC. At the
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Table 7 Univariable and multivariable analyses in the BAC (+) study group to determine the impact of regarding factors on BAC (statistically

significant if P value <0.005)

Univariable Multivariable

Diseases

OR 95% Cl P value OR 95% ClI P value
HT 1.31 1.06-1.74 0.08 1.06 0.75-1.71 0.45
Hyperlipidemia 1.29 1.03-1.73 0.08 0.93 0.62-1.48 0.38
DM 2.47 1.71-4.01 <0.005 2.08 1.569-3.35 <0.005
Smoking 1.08 1.02-1.32 0.19 0.89 0.26-1.83 0.12
Age (10 years) 3.36 2.75-4.15 <0.001 2.91 2.27-3.74 <0.001

OR, odds ratio; Cl, confidence interval. BAC, breast arterial calcification; HT, hypertension; DM, diabetes mellitus.

Table 8 Correlation of BAC and CAC scores, results from
advanced statistical analysis according to the 10-year age pool
distribution

All participants (n=180)
Sensitivity: 67%
Specificity: 72%
Positive predictive value: 67%
Negative predictive value: 70%
Accuracy: 72%

Age 40-59 years (n=114)
Sensitivity 54%
Specificity 81%
Positive predictive value 58%
Negative predictive value 81%
Accuracy 73%

Age 60-69 years (n=42)
Sensitivity 60%
Specificity 67 %
Positive predictive value 70%
Negative predictive value 61%
Accuracy 63%

Age 70-84 years (n=24)
Sensitivity 75%
Specificity 57%
Positive predictive value 83%
Negative predictive value 41%

Accuracy 74%

BAC, breast arterial calcification; CAC, coronary arterial
calcification.
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Figure 3 Graph demonstrating significantly increased CT-
coronary artery calcium score (as Agatston Score) in BAC (+)
group patients (P<0.001) when compared with BAC (-) subjects.
Maximum and minimum scores were excluded from reaching a
more reliable report; meanwhile, the Point-Biserial correlation for

statistical evaluation (r,;, =0.5). BAC, breast arterial calcification.

same time, there was no association between HT and
hyperlipidemia with BAC (Table 7).

The sensitivity, specificity, positive predictive value,
negative predictive value, and accuracy of BAC >0 for the
presence of CAC >0 was 67%, 72%, 67%, 70%, and 72%,
respectively, as shown in 7able 8. With increasing age,
sensitivity has increased from 54% to 75%, and specificity
has decreased from 81% to 57%. Similarly, the positive
predictive value increased from 58% to 83%, and the
negative predictive value decreased from 81% to 41% with
increasing age (Table §). The associations of the BAC score
and the CAC score were all highly significant (P<0.001).

The agreement between BAC and CAC scores was also
highly significant, as shown in Figure 3 (P<0.001).

Case examples demonstrate that, in the BAC (-) case
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B

Figure 4 Mammography image (A) of a 46-year-old female displays a BAC score of 0, and coronary calcium scoring CT image (B) of the

same participant exhibits both Agatston and CAC scores of 0. BAC, breast arterial calcification; CAC, coronary arterial calcification.

Figure 5 Mammography image (A) belongs to a 73-year-old female with a BAC score of 11. Another mammography image (B) displays a

74-year-old female with a BAC score of 9, and coronary CT angiography (C) of the same patient confirms a CAC score of 8 and an Agatston

score of 467. CT, computed tomography; BAC, breast arterial calcification; CAC, coronary arterial calcification.

group, mammography and coronary calcium scoring CT
images of the individual with Agatston and CAC scores
of 0 are shown in Figure 4. In the BAC (+) case group,
mammography and CT images of 73 and 74-year-old
patients with signs of coronary atherosclerosis, BAC score
9, Agatston score 467, and CAC score 8, are depicted in
Figure 5. In addition, mammography and CT images of
a 67-year-old individual with coronary atherosclerosis
findings, BAC score of 5, Agatston score of 32, and CAC

score of 3, are demonstrated in Figure 6. Mammography
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and CT images of a 75-year-old woman with prominent
signs of coronary atherosclerosis with a BAC score of 8,
Agatston score of 254, and CAC score of 7 are displayed
in Figure 7. These samples demonstrate the correlation
between the BAC score and the Agatston and CAC scores.

Discussion

In the United States, approximately 250,000 women die
of ASCVD annually. More than 60% of these women had
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Figure 6 Bilateral mediolateral oblique mammography images (A) of a 67-year-old participant show a BAC score of 5, and coronary calcium

scoring CT image (B) of the same patient depicts a CAC score of 3, Agatston score 32. CT, computed tomography; BAC, breast arterial

calcification; CAC, coronary arterial calcification.

Figure 7 Bilateral craniocaudal mammography images (A) demonstrate a 75-year-old respondent with a BAC score of 8, and coronary

calcium scoring CT image (B) of the same patient represents a CAC score of 7, Agatston score of 254. CT, computed tomography; BAC,

breast arterial calcification; CAC, coronary arterial calcification.

no initial symptoms, demonstrating the importance of
cardiovascular risk assessment and early diagnosis of CAD.
Imaging modalities, such as CT that detects coronary
artery calcifications, plain radiographs that define aortic
calcifications, and mammography to identify BAC, may
assist in predicting cardiovascular risk. There are conflicting
outcomes in the literature regarding the clinical significance
of breast vascular calcifications reported in mammography.
Some authors claim that BAC can be helpful in determining
CAD risk, while some others suggest that it is not (12,14,21).

We aimed to reveal the correlation of BAC with age and
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CAC. Moreover, the study investigated the relationship
between BAC and chronic diseases such as DM,
hyperlipidemia, HT, and smoking. As previously reported
in several studies, age is the most critical factor influencing
the prevalence of BAC. It has been proved that BAC
increases with aging, as expected (22,23). Pre-existing CAD
is also correlated with a higher prevalence of BAC (24). The
mean age of the study group is 56.2 (7.1 SD), as occurred
that the rate is consistent with the current literature data.
However, the average age of 60 and above, or a higher rate
of participants over 60 years of age, would increase the
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value and reliability of correlation studies. In this study,
approximately 1/3 of the cases were 60 years of age or older.
Data indicates similar characteristics regarding the age
distribution between some other studies in the literature
and this study (25).

In the literature so far, the prevalence of BAC on
mammography has been reported at very different
frequencies (21). The prevalence of BAC varies from 1%
to 49% in previous studies (21-28). Such a significant
difference in prevalence may be explained by variations
in sensitivity of mammography equipment and the
heterogeneity of the study groups (16). Our study
detected BAC in 8.4% of the participants who underwent
mammography within 5 years.

BAC is a mammographic finding that is not associated
with cancer (29). That is reported as a benign finding
in mammographic evaluation. The positive correlation
between age and BAC is emphasized in the literature, and
there is no conflicting sentence about that (12,26,28-30).
BAC is encountered as an incidental mammographic
finding that represents degenerative calcific changes of
the breast arteries. These calcific changes occur on the
intimal or medial layers of mammary arteries, most likely by
increasing age. These different locations represent discrete
pathophysiological processes (9,31 32). Intimal calcification
is an active process similar to bone formation and occurs by
expressing growth factors, matrix proteins, and other bone-
related proteins (33). The process is related to inflammatory
cells, lipid deposits, and vascular smooth muscle cells.
Contrarily, medial arterial (Monckeberg-type) calcification
has been described as secondary to aging, diabetes, end-
stage renal disease, neuropathy, and several rare genetic
syndromes (16,34-37). Research on medial calcification
showed that it is associated with type II diabetes and
increased CVD mortality. And some others have confirmed
that medial calcification is an independent predictor of
CVD events in patients with diabetes or end-stage kidney
disease (17). In this study, consistent with the literature, we
have stated that aging increases the prevalence of BAC.

By the advantage of relatively low cost and easy
accessibility of mammogram screening; possible association
between BAC, CVD, stroke, carotid artery disease, and
peripheric arterial disease, the study of BAC and its relation
to these may provide clinical benefit for diagnosis and
prevention of these comorbid situations (38). It has been
suggested that BAC must be reported as part of routine
mammography examinations. Patients, radiologists, and
referring physicians can use the information as part of
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collective decision-making regarding cardiac evaluation to
maximize the benefit of preventive cardiology strategies
(11,17,39-42). Besides, mammography is routinely used as
a screening test for breast cancer. Its use to detect BAC will
not charge any extra cost or radiation exposure.

Smoking, HT, and hyperlipidemia are known and proven
risk factors for atherosclerosis (11,31,32,42). Our study
determined that these chronic diseases did not significantly
affect the BAC score, according to the quantitative
statistical multivariate analysis. Such a result is related to
BAC emerging secondary to the medial calcific type of
atherosclerotic process. Unexpectedly, some researchers
have reported a lower incidence of BAC in women who
smoke compared to nonsmoking women (12,18,24). In
this study, we have defined no significant relationship
between BAC and smoking. In the literature, there are
conflicting conclusions about the relationship of BAC with
DM, HT, and hyperlipidemia. While some researchers
reported a significant relationship between BAC and DM
(12,17,24,32), HT (17,32,43,44), and hyperlipidemia (29);
some others found no significant relationship between BAC
and DM (11,25), HT (11,25), or hyperlipidemia (25). In
our study, we did not find any relationship between BAC
and HT or hyperlipidemia. Differently, we detected a
significant statistical relationship between BAC and DM.
Everhart et 4l. also described a correlation between DM and
atherosclerosis, medial arterial calcification (14).

Some researchers described that BAC was predictive
of subsequent CACs (25). Dale er al. stated that in the
mammographic examination, women with myocardial
infarction (MI) history had significantly higher frequencies
of BAC than women without a history of MI. (12).
Besides, another study determined an association between
mammographically detected arterial calcifications and
ASCVD (33). Otherwise, to the conclusions of their
research, Ak et al. expressed that BAC did not help
determine coronary atherosclerosis (45). Our study found
that CAD is one of the critical risk factors of BAC and
higher BAC scores correlate with higher CAC scores.
Statistically significant results were obtained in both
univariate and regression analyses.

We assume that some researchers failed to detect a
significant relationship between BAC and CAD (44,46),
maybe because they did not grade vascular calcification in
the breast, mainly by not scoring BAC. A low BAC score
reveals a lower risk for CAD, according to the quantitative
evaluation. However, it is inaccurate to expect the BAC
to be a correct marker of CAD only by identifying that as
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positive or negative. If both parameters are considered and
graded quantitatively as in this study, more rigorous and
detailed research can correlate relevant data. A separate
evaluation for the statistical significance of the CAC score
and Agatston score with BAC also contributed to this
result. Thus, a new and easily accessible screening and early
diagnosis procedure may occur. Such protocol to image
the breasts for cancer screening and the heart for coronary
atherosclerosis at the same session could represent an
exciting dual-screening approach. Then this procedure may
accurately be an indicator of mild or severe ASCVD.

There are a few limitations in our study, which should
be considered. Ethnic origin, an essential factor for
atherosclerosis, could not be a subject of this study since
all patients in the study group belonged to the same
race. Whether there is a significant difference between
different ethnic groups could not be investigated in this
study. Besides, some researchers reported an essential
relationship between BAC and alcohol consumption (19).
However, secondary to the inadequate anamnesis, alcohol
consumption and the BAC relationship could not be
researched in this study. While determining the BAC (-)
group in our study, we selected the age distribution similar
to the patient group. On the other hand, we could not
access detailed clinical and laboratory data for some of
the patients in this group; we set up the group randomly
without considering the chronic disease histories. Also,
univariate and multivariate statistical analyzes were
conducted without grading the smoking history as pack-
years. This is because the factor in question is not the
main subject of the study. End-stage CKD is a significant
risk factor of atherosclerosis (1,24,40); however, it is not
included among chronic diseases in this study since it was
set up as a separate study subject. Moreover, the fact that
body mass index was not considered and examined in our
study may be a disadvantage.

In conclusion, according to the outcomes of the present
multi-modality study BAC is strongly associated with
aging and high BAC scores are correlated with higher
CAC score, that means moderate or severe BAC may be
related with CAD. Consequently, we suggest that the BAC
scoring system can be used as an indicator of determining
the presence of CVD and higher cardiovascular risk,
particularly in women younger than 60 years old. BAC
does predict moderate and increased coronary artery
calcium scores, which indicates a higher risk for coronary
atherosclerosis. Furthermore, a statistically significant
correlation exists between BAC and cardiac risk factors

© Quantitative Imaging in Medicine and Surgery. All rights reserved.

such as diabetes. Our study suggests that BAC described on
mammography screening can indicate an increased risk of
developing CAD, and early diagnosis can prevent morbidity
and mortality related to that.
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