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Abstract: Purpose: Breast arterial calcifications (BAC) have been associated with cardiovascular
diseases. We aimed to examine whether the presence of BAC could predict the development of
cardiovascular events in the very long term, as evidence has suggested. Patients and Methods: We
conducted a 23-year follow-up retrospective cohort study considering women specifically studied for
breast cancer. After reviewing the mammograms of 1759 women, we selected 128 patients with BAC
and an equal number of women without BAC. Results: Women with BAC had higher relative risk (RR)
for cardiovascular events, globally 1.66 (95% CI): 1.31-2.10 vs. 0.53 (0.39-0.72), and individually for
ischemic heart disease 3.25 (1.53-6.90) vs. 0.85 (0.77-0.94), hypertensive heart disease 2.85 (1.59-5.09)
vs. 0.79 (0.69-0.89), valvular heart disease 2.19 (1.28-3.75) vs. 0.83 (0.73-0.94), congestive heart failure
2.06 (1.19-3.56) vs. 0.85 (0.75-0.96), peripheral vascular disease 2.8 (1.42-5.52) vs. 0.85 (0.76-0.94),
atrial fibrillation 1.83 (1.09-3.08) vs. 0.86 (0.76-0.98), and lacunar infarction 2.23 (1.21-4.09) vs.
0.86 (0.77-0.96). Cox’s multivariate analysis, also considering classical risk factors, indicated that this
BAC was significantly and independently associated with survival (both cardiovascular event-free
and specific survival; 1.94 (1.38-2.73) and 6.6 (2.4-18.4)). Conclusions: Our data confirm the strong
association of BAC on mammograms and the development cardiovascular events, but also evidence
the association of BAC with cardiovascular event-free and specific survival.

Keywords: breast arterial calcifications; cardiovascular risk; mammograms; risk assessment; prevention;
cost effectiveness

1. Introduction

Medicine needs to optimize health resources. In this way, mammograms represent the
most valid test for detecting breast cancer, with good acceptance, minimal adverse effects,
and low economic costs. Moreover, mammograms can recognize other morphological
findings, such as breast arterial calcifications (BAC), the presence of which could predict
cardiovascular risk [1]. BAC are a common finding on mammograms, seen as parallel
radiopaque structures or tubular tracts frequently involving the entire circumference of the
artery and easy to detect. The prevalence of BAC is estimated to be between 8.2% and 12%
among women over 50 [1].

BAC correspond to the calcification of the arterial middle layer, or Ménckeberg’s
arteriosclerosis, an early histological change where vascular smooth muscle cells are similar
to matrix bone, without macrophages and lipids [2,3].

As some studies have shown, there is an association between the presence of BAC
and renal disease [4], stroke [5], peripheral vascular disease, low bone mass, carotid artery
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narrowing and, mainly, coronary artery disease [6-10]. Several studies have shown a
strong association between the presence of BAC and cardiovascular mortality [1,11-13].
It has been reported that the finding of BAC on mammograms of women under 59 years
could be an additional risk factor for cardiovascular diseases [14], especially in diabetic
patients [13]. Cardiovascular mortality increased by a 40% in women with BAC compared
to women without BAC, reaching the 90% in diabetic women [1,12]. More recent studies
confirm the evidence of a relationship between the presence of BAC and coronary disease
in asymptomatic women [15,16].

We previously reported an association between BAC and biochemical markers of en-
dothelial injury (higher serum levels of triglycerides, homocysteine, hs-CRP and an elevated
LDL-C/HDL-C ratio (coronary risk index > 2)) [17] and between BAC and aged-related
macular degeneration [18]. However, despite all of these data concerning the relationship
between BAC and the occurrence of cardiovascular risk factors and cardiovascular disease,
there is little information between this radiographic finding and the subsequent develop-
ment of cardiovascular events and the associated mortality. Hence, the aim of the present
study was to evaluate these clinical associations in a cohort of women after a long period
of time.

2. Methods
2.1. Patient Selection

We conducted a retrospective cohort study in a regional hospital. Considering that
BAC were not a commonly described finding in mammographic reports many years ago,
we were able to carry out the present study with such a long follow-up period thanks
to our previous works about the relationship between BAC and biochemical markers of
endothelial injury [17]. In this prior study, we reviewed the mammograms of 1759 women,
made between June 1996 and June 2004, in a screening breast cancer program. We detected
BAC in 147 women. We contacted these patients between January and March 2021. A total
of 19 cases were lost in the BAC female population; 10 women refused to communicate
because of the anxiety caused by the pandemic circumstances, and 9 other candidates could
not be located. Finally, a cohort of 128 women with BAC in the baseline mammograms
or their families were contacted and agreed to participate in the present study, and they
form the main study group. Due to difficulties in following up all initially studied subjects,
an equal number of women without BAC were completed and selected from the initial
population (1615 remaining women without BAC). There was an exact coincidence for
mean age (the women without BAC age matched to the women with BAC) and a similar
distribution for baseline clinical characteristics, such as hypertension, diabetes mellitus
(DM), dyslipidemia (DL), or smoking, between both women groups. We investigated the
evolution of all the women in terms of the development of cardiovascular events and
their associated mortality over such a long time (a mean of 23 years of follow up, range
1626 years, from June 1996 to March 2021).

2.2. Data Collection

BAC were identified as breast tissue opacities affecting all of circumference or seen
as parallel tubular opacities. BAC was classified as present or absent, as recommended by
the American College of Radiology for breast cancer screening [19]. None of these patients
showed changes in the BAC status with regard to the latest mammogram, performed
either 1 or 2 years earlier. Considering the long time of the study, we evaluate the initial
analog mammography for classifying women as having BAC and not. Senographe 600T
and Senographe 800T (0.3 mm focal spot and 0.1 mm for magnification) and Mamoray
films, screens, and cassettes (18 cm x 24 cm) were used to perform mammography. To
reduce scatter radiation, a grid was used to make a vigorous breast compression. Two basic
projections (mediolateral oblique and craniocaudal views), on semiautomatic to automatic
exposure mode applying 27 to 30 keV were performed. Additional projections and acces-
sory magnification images were performed when needed. The mammography image was
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reviewed by two expert radiologists (O.F.-G. and C.d.B.M.), independently, with extensive
experience in this area. The reading was blinded for both of them; they had no knowledge
about any clinical data. The concordance was greater than 95%. When there was a dis-
agreement in their interpretation (present vs. absent), authors revised the image together
to reach an agreement.

The baseline variables recovered were the age and clinical-pathological characteristics:
hypertension, diabetes mellitus (DM), hypercholesterolemia (DL), smoking, cardiovascular
diseases among first-degree relatives, weight, height, and body mass index. These same
clinical variables were recorded from the medical health records of each woman at the end
of the follow-up period. Hypertension was defined as a systolic blood pressure greater than
140 and diastolic blood pressure greater than 90 mmHg. The diagnostic criteria for DM were:
random venous blood glucose greater than 200 mg/dL, associated with classic symptoms
such as polyuria, polydipsia, polyphagia, weight loss, and asthenia; fasting venous blood
glucose greater than 125 mg/dL; a glycosylated hemoglobin (HbAlc) greater than 6.5%, and
a blood glucose level two hours after an oral glucose stress test greater than 200 mg/dL. A
history of DL was considered if total blood cholesterol values were greater than 250 mg/dl
and/or triglyceride values were greater than 200 mg/dl. We consider date on therapies. A
history of cardiovascular risk or cardiovascular disease was considered as present if a woman
was taking any medical treatment for that. Body mass index (BMI) was calculated as body
weight in kilograms divided by height in squared meters (BMI = weight/height [2] (kg/m?).
Women were considered obese if BMI calculation was equal or greater than 30 kg/m?.
Women who smoke every day or stopped smoking less than 6 weeks before the study began
were considered smokers.

The occurrence of cardiovascular diseases, such as ischemic, hypertensive, and valvu-
lar heart diseases, congestive heart failure, peripheral vascular disease (PVD), and cere-
brovascular accident (ischemic, hemorrhagic, and lacunar infarction), were confirmed from
the patient’s medical history and considered as events during all the follow up period.
The development of atrial fibrillation was also registered and included as an endpoint in
consideration of its importance in the risk of sudden cardiac death [20]. We considered
the date of the initial prescription. Both the events and the causes of death were extracted
manually from the medical records where they are coded by the ICD-10 nomenclature.

2.3. Statistical Analysis

Statistical analysis was performed by N.E. using the SPSS for Windows software, ver-
sion 25 (Chicago, Illinois). The sample size was calculated from the established population
of women specifically studied for early breast cancer screening. The Kolmogorov—-Smirnov
test was used to determine data distribution. Non-normally distributed data are expressed
as median-range, whereas categorical variables are displayed as numbers and percentages.
There were no missing data. Non-parametric Mann—-Whitney U tests were used to deter-
mine the differences between mean values for non-normally distributed variables. Since
this is a cohort study, the risk ratio was used to comparatively evaluate the development
of events in each group. For survival analysis Cox’s univariate method was used. In the
case of cardiovascular event-free survival analysis, the first cardiovascular event in each
woman was considered as end-point, and we considered the time to event since the first
mammography was performed. Cox’s regression model was used to examine interactions
of different risk factors in a multivariate analysis. Only factors that achieve statistical
significance in the univariate analysis were included in the multivariate analysis (Cox’s
regression model). p < 0.05 was considered as significant. The significance level was
stablished at level p < 0.05. The PASW (Predictive Analytics Software) statistics 18 program
(SPSS Inc., Chicago, IL, USA) was used for all calculations.

2.4. Ethical Aspects

Following the guidelines of the Ethics Committee of our institution, in accordance
with the Declaration of Helsinki, informed consent was obtained from each participant. The



Biomedicines 2022, 10, 3227

40f11

family was contacted to sign the informed consent if the patient had cognitive impairment or
had died. Accurate and complete information was gathered from interconnected electronic
health records between the hospital and general primary care centers, preserving their
confidentiality in accordance with institutional regulations. N.G.-G. was authorized to
consult these records.

3. Results
3.1. Baseline Clinical Characteristics of the Patients and at the End of the Follow-Up Period

Table 1 shows clinical-pathological characteristics of 128 women in each group. The
mean age at the baseline mammogram was 59 years (44-74) in the BAC group and 59.5 years
(44-70) in the control group. Both groups displayed a similar distribution of classical
cardiovascular risk factors, such as hypertension, DM, DL, obesity, and smoking.

Table 1. Clinical- pathological characteristics of the 128 patients in each group at the beginning and
the end of the follow-up period.

At the Beginning At the End of the Follow-Up Period
Women with Women without Women with Women without
BAC(n=128)  BAC (n=128) pValue™  BAC(n=128) BAC (n = 128) p Value ™
Hypertension 38 (29.7%) 31 (24.2%) 0.398 101 (78.9%) 86 (67.2%) 0.049
%:ﬁif: 9 (7%) 4(3.1%) 0.255 36 (28.6%) 35 (27.3%) 0.938
Dyslipidemia 23 (18%) 34 (26.6%) 0.133 81 (63.3%) 81 (63.3%) 1.000
Obesity 35 (27.3%) 22 (17.2%) 0.071 47 (36.8%) 46 (35.9%) 1.000
Tobacco 3(2.3%) 7 (5.5%) 0.333 n.a n.a -

BAC, breast arterial calcifications; Data are reported as number of cases (%) * Chi-squared test. n.a: not available.

Regarding the number of cardiovascular risk factors recorded between the two groups
at the end of the 23-year follow-up period, no significant differences were found, except for
hypertension (Table 1).

3.2. Development of Cardiovascular Events during the Follow-Up Period

Table 2 shows the number of cardiovascular events during the follow-up period of
23 years for each group. The identification of BAC in the baseline mammogram (Figure 1)
was strongly associated with the incidence of cardiovascular events. Thus, a total of
88 (68.8%) women with BAC developed at least one of these events compared to 53 (41.4%)
women in the BAC-free group. In addition, our data also shows significant differences
between cardiovascular events-free survival curves calculated for both groups (p < 0.0001)
(Figure 2A). Globally, over the follow-up period, the BAC group had a higher global in-
cidence of cardiovascular events than women without BAC (total number: 232 vs. 102)
(p < 0.0001) (Table 2). In the BAC group, 19 (14.8%) women had one event, 28 (21.9%)
two events, 22 (17.2%) three events, and 21 (16.4%) four or five events, whereas in the
BAC-free group, 21 (16.4%) women had one event, 22 (17.2%) two events, seven (5.5%)
three events; and four women (3.1%) four events. In addition, as can be seen in Table 2,
women with BAC had a higher relative risk (RR) of global cardiovascular events com-
pared with women without BAC, as well as specifically for each event type. Women with
BAC have a higher RR of developing ischemic heart disease, hypertensive heart disease,
valvular heart disease, congestive heart failure, atrial fibrillation, PVD, and lacunar in-
farction, as well as higher mortality due to cardiovascular events (RR: 13.13 (1.84-238)
vs. 0.61 (0.47-0.79)). However, we found no significant difference between the groups for
ischemic or hemorrhagic cerebral events.
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Table 2. Relative risk of the occurrence of cardiovascular events during the follow-up period in

women with or without BAC.

Women with BAC (n =128)

Women without BAC (n = 128)

Cardiovascular Events

N° (%) of Events (*)

RR (95% CI)

N° (%) of Events (*)

RR (95% CI)

Ischemic heart disease 26 (20.3) 3.25 (1.53-6.90) 8 (6.3) 0.85 (0.77-0.94)
Hypertensive heart disease 35 (27.3) 2.85 (1.59-5.09) 16 (12.5) 0.79 (0.69-0.89)
Valvular heart disease 37 (28.9) 2.19 (1.28-3.75) 13 (10.2) 0.83 (0.73-0.94)
Congestive heart failure 33 (25.8) 2.06 (1.19-3.56) 16 (12.5) 0.85 (0.75-0.96)
Atrial fibrillation 33 (25.8) 1.83 (1.09-3.08) 18 (14.1) 0.86 (0.76-0.98)
Peripheral vascular disease 28 (21.9) 2.8 (1.42-5.52) 10 (7.8) 0.85 (0.76-0.94)
Ischemic stroke 9(7) 1.5 (0.55-4.09) 6(4.7) 0.98 (0.92-1.04)
Hemorrhagic stroke 2 (1.6) 1.0 (0.14-6.99) 2 (1.6) 1.0 (0.97-1.03)
Lacunar infarction 29 (22.7) 2.23(1.21-4.09) 13 (10.2) 0.86 (0.77-0.96)
Total events 232 1.66 (1.31-2.1) 102 0.53 (0.39-0.72)

BAC, Breast arterial calcification; N°: number of events; RR, relative risk; CI; confidence interval. (*) Note that a

woman may have had more than one event during the follow-up period.

Figure 1. Mammogram showing breast arterial calcifications (rows).
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Figure 2. Kaplan-Meier survival curves. (A) Kaplan-Meier cardiovascular events-free survival curve as a function of patients with or without BAC. Kaplan-Meier

survival curve as a function of patients with or without BAC. (B) overall survival and (C) cardiovascular event-specific survival.
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3.3. BAC Influence on Survival

During the study period, there were 38 deaths (29.7%) in the BAC group and 32 (25%)
in the BAC-free group (Figure 2B-overall survival curve). Nevertheless, as illustrated in
Figure 2C, there were significant differences between cardiovascular event-specific survival
curves calculated for both patient groups (p < 0.0001). There was a higher number of deaths
because of cardiovascular events in women with BAC (16 (42.1%) vs. 1 (3.1%)) (Figure 3).
There were no statistically significant differences between the age of death in both groups
(p = 0.706).

Deceases

Patients with BAC
n=128

Patients without BAC
n=128

38 (29.7% of total)

e Cardiovascular events 16 (42.1%):
10 APE/ 2 APTE/ 2 IHD/ 2 stroke

e Other causes 16 (39.5%):
10 tumoral, 1 subaracnoid hemorrhage, 5 sepsis

¢ Unknown: 7 (18.4%)

32 (25.0% of total)

e Cardiovascular events: 1 (3.1%):
1CRA

e Other causes: 24 (75.0%):
16 tumoral, 6 sepsis, 1 multiple sclerosis,1 asthma

e Unknown: 7 (21.9%)

Figure 3. Overview of deceases and causes in patients with or without BAC. BAC: Breast arterial cal-
cification, APE: Acute pulmonary edema; APTE: Acute pulmonary thromboembolism; IHD: Ischemic
heart disease; CRA: Cardiorespiratory arrest.

Table 3 shows Cox’s multivariate (hazard ratio) analysis of the relationship between
classical cardiovascular risk factors present at the baseline study, cardiovascular event-free
survival, and cardiovascular event-specific survival. The results show that DM and BAC
were significantly and independently associated with both survival analysis, whereas
hypertension was also significantly and independently associated with event-specific
survival. This analysis also demonstrated that BAC was a significant and independent
factor to predict both survival variables.

Table 3. Multivariate analysis of the relationship of classical risk factors at the beginning of the study
and BAC with cardiovascular event-free and cardiovascular event-specific survival.

Cardiovascular Event-Free Cardiovascular Event-Specific

Survival Survival
Risk Factors N° of Women Event Frecuency HR (95% CI) Event Frecuency HR (95% CI)
BAC/no BAC 128/128 88/53 1.9 (1.3-2.7) *** 16/1 14.1 (1.9-107.6) **
nl(f{{p;;zrt‘;‘;?o/n 69/187 38/103 - 11/6 6.6 (2.4-18.4) *+*
DL/no DL 57/199 30/111 - 2/15 -
DM/no DM 13/243 12/129 2.6 (1.4-4.8)* 3/14 49 (14-179)*
Obesity /no Obesity 57/199 33/108 - 4/13 -
Tobacco/no tobacco 10/246 7/134 - 0/17 -

BAC, breast arterial calcifications; DL, dyslipidemia; DM, diabetes mellitus; HR, hazard ratio; CI, confidence
interval. Only the first event was considered for every woman. * p < 0.05; ** p < 0.005; *** p < 0.0001.
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4. Discussion

This is one of the first studies evaluating, over such a long period of time, the impact
of BAC for the development of cardiovascular events and their associated mortality in a
cohort of women studied specifically for its radiological finding. Our results, showing a
very strong and positive association between BAC, cardiovascular events and associated
mortality, are consistent with previous studies [21,22]. Even the association between BAC
and coronary artery disease was stronger compared with traditional Framinghan risk
factors [23]. In accordance with this, Chadashvili et al. found out that BAC predicted a
coronary artery calcium score over 11, which indicates a moderate or severe risk of develop-
ing coronary artery disease [7]. In addition, recent data from over 45-year-old women show
a significant correlation between the severity of BAC and the extent of coronary artery
disease (verified by coronary angiography defined by the SYNTAX classification) [24]. On
the other hand, in our study, the presence of BAC at the baseline mammogram was also
very positively and strongly associated with other cardiovascular events, such as valvular
disease, heart failure, PVD, and cerebral lacunar infarction, as well as atrial fibrillation,
compared to the control group. All these events in the group of women with BAC were
not influenced by the emergence of new risk factors throughout the 23 years of follow-up,
except for hypertension. In accordance with these findings, our results indicate that BAC
was an independent prognostic factor to predict not only the development of cardiovascular
events, but also a higher probability of derived death.

Recently, Iribarren et al. reported the results of a similar study but after a mean
follow-up of 6.5 years [16]. They noticed a higher global cardiovascular events among
women with BAC than those without BAC, statistically significantly (p < 0.04) for ischemic
stroke, cardiovascular death, cerebrovascular disease, cardiomyopathy, deep venous throm-
bosis/pulmonary embolism, peripheral arterial disease, and retinal vascular occlusion.
However, while in their study there was no clear separation of survival curves between the
two groups, we found significant differences (p < 0.0001), with a higher number of deaths
from cardiovascular outcomes in women with BAC (16 (42.1%) vs. 1 (3.1%)), probably due
to the longer follow-up period. On the other hand, although women without BAC had
similar baseline classical risk factors compared with women with BAC, our data show that
they develop less frequently hypertension at the end of the follow-up period (p = 0.049)
compared with women with BAC. This finding could contribute to some protection against
cardiovascular events. Nevertheless, further investigation might to identify other protective
factors in these women without BAC.

The findings of the present study are particularly relevant considering that cardiovas-
cular diseases are the leading cause of mortality worldwide. It is estimated that by 2030,
approximately 23.3 million people will die from cardiovascular diseases. In addition, it is
relevant to consider that coronary disease is the main cause of death among women, as
well as this process has a worse prognosis than for men [21]. Therefore, quantifying the
importance of cardiovascular diseases and their main risk factors is an essential aspect of
proper planning of existing health resources, since nearly 50% of cardiovascular mortality
reductions are due to the control of its major risk factors. However, the problem is that
many patients ignore that they suffer from any of these disorders, such as 50% of hyperc-
holesterolemic, a third of hypertensive, or 20% of diabetics. Therefore, the BAC detected by
mammography could represent a diagnostic axis on which to focus cardiovascular disease
prevention policies.

Mammography, reflecting the composition of a part of the human tissues, offers us the
possibility to use this diagnostic platform to recognize another morphological finding of
interest that is not usually recorded in mammographic reports, such as BAC. In addition,
there are data which support a stronger association between BAC and cardiovascular
mortality, compared to arterial calcification in other locations, such as aortic, splenic,
internal and external iliac, detected by computed tomography [8]. Millions of women
worldwide undergo a mammogram annually or biannually. Correspondingly, there is
a large amount of available data in digital files from studies which could be already
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conducted. The tools of current computer applications and modern artificial intelligence
makes easier to manage all these massive digital data. Combined with clinical data, it could
help us to create different universal algorithms to identify women who may benefit from
therapeutic or preventive health measures. On the other hand, there are other possibilities
for using resources based on the associations previously described for BAC, such as the
possibility of identifying women with low bone mass [24], predicting the course of chronic
kidney disease [25], or the cardiotoxic effect of anthracycline- derived agents, trastuzumab,
and radiotherapy in the treatment of breast cancer [26].

Limitations of our study are its retrospective design and the use of historical analog
mammography, which prevented us from refining tiny details of the calcifications evaluated
by the radiologist. However, these circumstances allowed us to track women time enough
to properly assess the impact of BAC on the development of cardiovascular events. Futures
studies with higher number of women and new technologies, such as digital mammograms
or tomosynthesis, may contribute to improving BAC evaluation, e.g., in terms of bilaterality,
number, and intensity (mild, moderate or severe). On the other hand, to avoid depending
only on radiologists and their eye-observation, we need new methods of BAC quantification
in order to perform a better radiological identification [27]. In this way, we could predict
exactly the risk of cardiovascular disease and define better individualized preventive
actions [27]. Along the same lines, AlGhamdi et al. [28] recently presented a model of deep
neural network (deep learning) capable of accurately detecting BAC in mammograms,
which can be used to automatically mark calcifications on the original image. The results
exhibit a more accurate assessment of BAC than expert radiologists, with fewer mistakes.

Our results point to the importance of BAC on mammograms to identify women with
increased cardiovascular risk and death. This may bring us the opportunity to improve
preventive cardiovascular measures.
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