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with carotid intima media thickness for evaluation of cardiac risk
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ABSTRACT

Objectives: To determine the association between breast arterial calcification (BAC) and carotid intima-media
thickness (C-IMT) and, in turn, predict the risk of cardiovascular events. To independently access its relationship
with other co-morbidities like diabetes mellitus (DM), hypertension (HTN), and menopause with BAC.

Material and Methods: A total of 540 patients (270 with BAC and 270 without BAC) in the age group of 40-60
years who underwent mammograms at our institution between April 2021 to October 2021 were included in the
study. In addition, an ultrasound was performed to evaluate the intima-media thickness in bilateral common
carotid arteries 1 cm proximal to the carotid bulb. The mean C-IMT between the two groups (patients with and
without BAC) was compared to understand the relationship between C-IMT and BAC. The independent relation-
ship of BAC was also evaluated with the risk of co-morbidities like DM, HTN, and menopause.

Results: The median C-IMT was higher in the group with BAC (0.85 mm, interquartile range (IQR) = 0.2) than
in the group without BAC (0.6 mm, IQR = 0.10), which is statistically highly significant with p < 0.001. Further
analysis among subgroups of age and DM also revealed IMT to be significantly higher in the group with BAC (0.85
mm, IQR = 0.20) compared to those without BAC (0.6 mm, IQR = 0.15) (p < 0.001). The median age in patients
with BAC was significantly higher (57 years, IQR = 10 years) than those without BAC (48 years, IQR = 11.8 years)
(p <0.001). In the group with BAC, a higher proportion of patients were diabetics, hypertensives and had attained
menopause, then in the subgroup without BAC.

Conclusion: Patients with BAC had higher C-IMT, which in turn correlates with a higher risk of cardiovascular
events. Hence, the presence of BAC can be used as a substitute marker for identifying patients with a higher risk of
cardiovascular events and for ruling out co-morbidities such as DM and HTN.
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INTRODUCTION

The importance of predicting adverse cardiovascular events and its value in preventing morbidity
and mortality needs no further substantiation, a useful tool in this regard is the carotid intima-
media thickness (C-IMT). The C-IMT reflects the degree of atherosclerosis in the wall of the
carotid artery. It is a proven surrogate marker of coronary artery disease and is a predictor of risk
of adverse cardiovascular events. The C-IMT can be easily and accurately measured using B-mode
ultrasound. The ultrasonographic measurement of C-IMT is noninvasive, quick, reproducible,
and inexpensive — all properties of an appropriate screening tool.!?!
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C-IMT is an independent predictor of hypertension (HTN),
diabetes mellitus (DM), cardiac health, and also associated
with menopause.*7”

While all patients may not undergo neck ultrasound or
carotid artery Doppler, many women, especially those above
40 years, do undergo mammograms. American College
of Radiology recommends screening mammograms for
all women above 40 years of age for carcinoma screening.
BAC (breast arterial calcification) is often an incidental
finding on mammograms.® BAC, identified as rail-road
calcifications due to their classical parallel linear appearance
on mammograms, signify calcific medial sclerosis of
medium-sized arteries.!”’ Since atherosclerotic changes occur
throughout the vasculature, calcifications in the walls of the
arteries that supply to the breast could potentially reflect the
calcifications of other major vessels, and in turn, predict the
risk of cardiovascular events.

Various studies showed the relationship between BAC
with HTN,!" DM, coronary artery diseases, carotid
plaques,® dyslipidemia, visceral obesity," and chronic
kidney disease.”! However, the studies establishing the
relationship between BAC and C-IMT have been rather
limited.?*1¢17

Therefore, to test the above hypothesis, we analyzed the
relationship between BAC on mammography with C-IMT -
a proven marker of cardiovascular risk. We also assessed the
relationship in subsets including patients with comorbidities
(HTN and DM) and menopausal status with BAC.

MATERIALS AND METHODS

We conducted a hospital-based observational study from
April 2021 to October 2021 in the Department of Radiology,
Sri Ramachandra Institute of Higher Education and Research.
Institutional ethics approval was obtained (CSP-MED/21/
APR/68/62). Informed consent was obtained from all par-
ticipants. Women above the age of 40 years who underwent
screening and diagnostic mammograms at our institution
were included in the study.

The minimum estimated sample size to achieve a power
of 80% at a 5% level of significance was calculated as 126
participants with 63 in each group. As it was planned to
study the results in different subgroups - DM, HTN, and
menopausal status, we decided to include 540 participants,
out of which 270 participants were with BAC and an equal
number without BAC.I'®

Phase 1: Mammogram was done using a Fuji Amulet X-ray
Mammography unit and standard mammographic views
[cranio-caudal (CC) and mediolateral oblique (MLO) views]

were obtained in all patients. Mammograms were interpreted
independently by two trained radiologists who had an
experience of 20 and 15 years. Breast arterial calcifications
were identified as rail-road calcifications due to their classical
parallel linear appearance on mammograms.

Co-morbidities and clinical history including DM, HTN,
heart disease, menopausal history, and history of previous
surgery were noted.

After obtaining informed consent, participants were enrolled
in the study until the desired number of participants with and
without BAC was achieved.

Phase 2: After the mammogram, the participants underwent
ultrasound evaluation of the carotid arteries with Toshiba
Apollo 500 unit with an 8-13 MHz linear transducer. The
C-IMT was measured in bilateral common carotid arteries 1
cm proximal to the carotid bulb.

Ultrasound of bilateral carotid arteries for C-IMT was
performed by two trained radiologists independently
who had an experience of 10 and 19 years. Radiologists
performing ultrasonography (USG) were unaware of the
presence or absence of BAC on mammograms. The patient
was positioned in the supine position and a pillow was
placed below the shoulders to hyperextend the neck. The
patient’s neck was turned to 45 degrees, on the contralateral
side of the examination. The common carotid arteries were
traced through their lengths on both sides up to the bulb.
Intima-media thickness was measured at approximately 1
cm proximal to the bulb by placing the transducer along
the longitudinal axis of the carotid arteries. The C-IMT was
measured using a caliper in B-mode ultrasound. Two arterial
layers are seen separately, intima seen as the echogenic layer,
and media seen as the echo poor layer. Both were included
in the measurement. Mean C-IMT of bilateral common
carotid arteries was considered.

Statistical Analysis: The data was entered into Microsoft Excel
and analyzed in R version 4.0.2.") Descriptive analysis was
performed, and results were represented as percentages for
categorical variables, as median and interquartile ranges for
quantitative variables. The mean C-IMT values of bilateral
common carotid arteries, of participants with and without
BAC, were compared using the Mann-Whitney U test.
For comparing the proportion of factors like DM, HT, and
menopausal status, within patients with and without BAC, a
Chi-square test was done. Binary logistic regression was done
to identify the role of confounding DM, HT, and menopause
with each other, and an adjusted odd ratio with 95% CI
was computed. A p-value of less than 0.05 was considered
to be statistically significant. Similar analyses were carried
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out within subsets of patients with and without DM, HTN,
and age less than and more than 50 years to determine the
association between BAC and C-IMT in these subsets.

RESULTS

The study included a total of 540 participants aged between
40-80 years.

The median age in participants with BAC was 57 years (IQR
=10) and that in participants without BAC was 48 years (IQR
= 11.75). Higher proportion of women with BAC had HTN
and were post menopausal [Table 1].

The median C-IMT was higher in participants (as evident
in sample cases in Figures 1 and 2) with BAC 0.85 mm, IQR
= (.20 than in the participants without BAC 0.6 mm, IQR =
0.15. The difference was statistically significant with p-value
=<0.001

RCC: right cranio-caudal, RMLO: right medio-lateral-IMT,
C-IMT: carotid intima media thickness, CCA: common
carotid artery.

To study the relationship of each variable with BAC, logistic
regression was performed with calcification as the dependent
variable, and age, diabetes, and HTN as independent variables
in the model, as each variable could confound the relationship
with the other. Menopausal status was not included in the
model due to its collinearity with age. The logistic regression
model was significant with p-value <.001. The individual

Table 1: Baseline characteristics of patients with and without
breast arterial calcification.

Sr.No. Characteristic BAC p-value
Yes No
(n=270) (n=270)
1 Age 50 years <0.001
and above
Yes 223 (82.6%) 127 (47.0%)
No 47 (17.4%) 143 (53.0%)
2 Post- <0.001
menopausal
Yes 228 (84.4%) 136 (50.4%)
No 42 (15.6%) 134 (49.6%)
3 Diabetes <0.001
Yes 160 (59.3%) 48 (17.8%)
No 110 (40.7%) 222 (82.2%)
4 Hypertension <0.001
Yes 122 (45.2%) 42 (15.6%)
No 148 (54.8%) 228 (84.4%)

BAC: Breast Arterial Calcification

variables which were significant were for age (p<0.001) and
diabetes (p<0.001) [Table 2].

As age and diabetes were important factors in the model,
subgroup analysis of the relationship between C-IMT and
calcification was carried out based on age categorization (age
>50) and the presence of diabetes. It was observed that the
median C-IMT is higher in those with BAC across all the

Figure 1: A 69-year-old post-menopausal female with known diabetes mellitus, hypertension (HTN). On screening mammogram (a) RCC
view and (b) RMLO view on mammogram shows rail road breast arterial calcification (white arrows). On ultrasound of neck (c) the C-IMT
was 0.09 cm in right CCA and (d) the C-IMT was 0.01 cm with a plaque (white arrow) is seen in left CCA.
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Figure 2: A 47-year-old female with known diabetes mellitus, hypertension. Screening mammogram (a) LCC view and (b) LMLO view on
mammogram shows rail-road breast arterial calcification (white arrows). On ultrasound of the neck (c), the C-IMT was 0.01 cm in the right
CCA with a plaque (white arrow) and (d) the C-IMT was 0.08 cm in the left CCA.

LCC: left cranio-caudal, LMLO: left medio-lateral-IMT: carotid intima media thickness, CCA: common carotid artery.

Table 2: Logistic regression.

Sr. Characteristic Crude OR  Adjusted OR®
No. (95%CI)

1 Age 50 years and above 5.3 (3.6-8.0) 3.4(2.2-5.2)
2 Attained menopause 5.3 (3.6-8.0) -

3 Diabetes 6.7 (4.5-10.0) 4.3 (2.8-6.8)
4 Hypertension 4.5 (3.0-6.8) 1.6 (0.97-2.6)
OR: odds ratio, OR* adjusted odds ratio for age, diabetes, and HTN.

subgroup analyses. All the results were found to be statistically
significant at p<0.001.

DISCUSSION

Our study showed that median C-IMT in patients with BAC
(0.85 mm) was significantly higher than those without BAC
(0.6 mm), p < 0.001. C-IMT of 0.7 mm was considered as the
cutoff value.””! A significantly higher proportion of women
with BAC (98.5%) had C-IMT > 0.7 as compared to women
without BAC (37.5%) (p < 0.001). This is in concordance
with previous studies which showed significant differences
in C-IMT in participants with and without BAC, with mean
C-IMT 0f 0.86 £ 0.21 mm and 0.71+ 0.12 mm in patients with
and without BAC, respectively® (p < 0.001). Another study
showed mean C-IMT (0.81 mm, SD + 0.2) and (0.69 mm, SD
=0.2) in patients with and without BAC, respectively.!!

An increase in C-IMT is a measure of carotid atherosclerosis
due to the involvement of the intimal and medial layers of
the artery.?? Multiple studies have shown the correlation of
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C-IMT with atherosclerosis and cardiovascular events.232!l
Hence, C-IMT is an established surrogate marker of
cardiovascular diseases, which can be easily evaluated on
ultrasound.

Most patients with atherosclerosis do not experience overt
symptoms clinically, thus increasing the sudden mortality by
>50% because of cardiac diseases.”” We aimed to determine
if the presence or absence of BAC correlated with C-IMT and
with different variables like age, DM, HTN, and menopause.

The mean age of patients with BAC (57 years) was higher
than patients without BAC (49 years). BAC was more
common in participants with increased age >50 years, which
is statistically highly significant (p < 0.001). This agrees with
other studies that found a significant difference between
the mean age of women with and without BAC.!'**! About
84.4% of post-menopausal women in our study had BAC on
mammograms. This was similar to other studies showing a
significant correlation of BAC with menopause.['”?!

The majority of women (n = 160, 60.6%) with BAC suffered
from DM, among which six had type I DM and the rest
had type II DM. A total of 48 (17.8%) women without BAC
had DM, among them 12 had recently been diagnosed with
mild DM and 2 were prediabetics. A significant association
was found between BAC similar to the results shown by
Kemmeren JM et al.?!! showing prevalence of BAC was 60%
higher in diabetics compared to nondiabetics in a study of
12,239 patients within the age group of 50-68 years. In
another study with 307 patients, diabetes was seen in 95
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women with BAC and 64 without BAC, demonstrating no
significant correlation (p = 0.75).""

Atotal of 122 women in our study with BAC were hypertensive
showing a statistically significant correlation of HT with
BAC (p-value<0.001). Similarly, Laurie Margolies et al.?”)
demonstrated an association of BAC with HT with 90 out of
124 women with BAC having HTN (p<.001).

CONCLUSION

Breast arterial calcification is an incidental finding in
mammograms, and it does not have many significant
implications pertaining to the breast itself. However, it is
understandably a reflection of arterial calcifications elsewhere
in the body, including that in major vessels that supply vital
end organs.

Our study shows that the presence of BAC has a statistically
significant correlation with increased C-IMT, an established
marker of cardiac mortality and morbidity. In addition, an
independent correlation of BAC was seen with diabetes and
menopause.

The clinical association of BAC with C-IMT instates the
importance of active evaluation and reporting of BAC on
mammograms in paving the way for further evaluation
for these co-morbidities, thus allowing for early lifestyle
modifications, pharmacotherapy, and interventions as
needed to potentially prevent or reduce the incidence of
future cardiovascular events.
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