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Prevalence and Determinants of Breast Arterial
Calcium in Women at High Risk of

Cardiovascular Disease

Angela H. E. M. Maas, MD, Yvonne T. van der Schouw, PhD,
Willem P. Th. M. Mali, MD, PhD, and Yolanda van der Graaf, MD, PhD

Calcium deposits in breast arteries are commonly
seen on mammograms, and their frequency increases
with age, especially after menopause. The investiga-
tors studied the prevalence of breast arterial calcium
in 600 women at high risk for cardiovascular events
and assessed whether classic cardiovascular risk
factors are independent determinants of these
calcifications. �2004 by Excerpta Medica, Inc.

(Am J Cardiol 2004;94:655–659)

Breast cancer screening programs may offer a new
way to identify women at high risk for cardiovas-

cular events; these program have the advantage of
already running in many Western countries. Accumu-
lating evidence suggests that the presence of breast
arterial calcium (BAC) on mammograms may serve as
a marker for generalized vascular disease.1,2 In a large,
cross-sectional study involving 12,239 women aged
50 to 69 years who participated in a breast cancer
screening program, we found a prevalence of BAC of
9%, with a significantly greater prevalence of 15.4%
in diabetic subjects.2–5 At follow-up, overall mortality
was significantly greater in women with BAC (odds
ratio [OR] 1.29, 95% confidence interval [CI] 1.06 to
1.58) than in women without BAC, with an excess
mortality in diabetic women of 74% (OR 1.74, 95%
CI 1.19 to 2.56). However, to date, it has not been
established to what extent the various determinants of
cardiovascular risk contribute to the presence of these
calcifications. We analyzed the mammograms of 600

participants included in the high-risk cohort of the
Raloxifene Use for the Heart (RUTH) study.

• • •
The 610 participants of the Dutch subset of patients

from the RUTH study were included in this cross-
sectional study. The RUTH trial began 1998 and is a
multicenter, randomized, double-blind, placebo-con-
trolled clinical trial involving women from 26 coun-
tries. Its aim is to evaluate treatment with raloxifene
60 mg versus placebo in 10,101 postmenopausal
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TABLE 1 RUTH Trial Inclusion Criteria (�4 points for
inclusion)*

Criterion Points

Myocardial infarction (MI) 3–36 mo before
randomization

4

Angina pectoris with documented coronary disease
on angiogram

4

Coronary angioplasty 6–36 mo before
randomization

4

Coronary bypass 3–36 mo before randomization 4
Lower extremity arterial disease, documented by

symptoms, or ankle/brachial index �0.9,
revascularization or nontraumatic amputation

4

Current smoker and hypertension and
hyperlipidemia

4

Diabetes mellitus (fasting glucose �140 mg/dl or
on medication)

3

MI �36 mo before randomization 2
Coronary angioplasty �36 mo before

randomization
2

Coronary bypass �36 mo before randomization 2
Age �70 yrs 2
Age �65 yrs and �70 yrs 1
Current smoker by self-report (�10 cigarettes for 6

mo before enrollment)
1

Systolic blood pressure �160 mm Hg or diastolic
blood pressure �95 mm Hg or on medication

1

Low-density lipoprotein cholesterol �160 mg/dl or
high-density lipoprotein cholesterol �45 mg/dl
with triglycerides �250 mg/dl or on
medication)

1

*Adapted from Mosca et al.6
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women at high risk for major cardiovascular events.
The 2 primary end points are coronary events and
invasive breast cancer. The trial design, methods, and
participant characteristics at baseline have been de-
scribed in detail elsewhere.6,7 Briefly, the inclusion
criteria were age �55 years, �1 year postmenopausal
with established coronary heart disease (i.e., previous

myocardial infarction, coronary artery bypass graft-
ing, percutaneous coronary intervention, or angio-
graphic evidence of a 50% occlusion of �1 major
coronary artery), or an increased risk for a major
coronary event on the basis of the presence of multiple
cardiovascular risk factors. Among the main exclusion
criteria were recent previous myocardial infarction

FIGURE 1. Photographs representing mammograms with mild (A), moderate (B), and severe (C) BAC.
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(�3 months); recent percutaneous coronary interven-
tion (�6 months); New York Heart Association class
III or IV heart failure; a need for estrogen replacement
therapy; or a history of breast cancer, endometrial
carcinoma, or deep venous thrombosis or pulmonary
embolism. An inclusion criterion for women without
established coronary heart disease was the presence of
multiple factors (minimum score 4) shown in epide-
miologic studies to increase the risk for previous myo-
cardial infarction and coronary death, such as smok-
ing, hypertension, hyperlipidemia, and diabetes
mellitus (Table 1).

Standard mammograms (craniocaudal and lateral
views) were made for all women included in the
RUTH trial at baseline, �1 year after randomization,
before study entry. The mammograms were stored at
the radiology departments of the participating hospi-
tals. The baseline mammograms of 600 of the 610
women included in the Dutch arm of the study were
retrieved by the Department of Radiology at the Uni-
versity Medical Center Utrecht, and BAC was scored
by 2 independent observers blinded to the clinical data
of the patients, using the criteria of Kemmeren et al.3

If there was disagreement, the 2 ob-
servers reviewed the mammograms
together to reach consensus.

BAC was characterized by 2 par-
allel lines or rings of calcification on
mammograms of the right, the left,
or both breasts (Figure 1). The inten-
sity of BAC was graded as follows:
grade 1 � mild BAC (the artery was
faintly outlined by calcium; Figure
1); grade 2 � moderate BAC (the
artery was distinctly outlined by cal-
cium; Figure 1); and grade 3 � se-
vere BAC (the artery was distinctly
outlined by thick columns of calci-
um; Figure 1).

The baseline data on cardiovascu-
lar risk factors were recorded at ran-
domization before study entry. Body
mass index was calculated as the ra-
tio of body weight to height (kilo-
grams per square meters). Blood
pressure was measured twice with
the subject in the sitting position af-
ter 5 minutes of rest. Fasting venous
blood samples were collected locally
and analyzed centrally. Diabetes
mellitus was defined as a fasting se-

rum glucose level of �7.8 mmol/L (140 mg/dl) or use
of oral hypoglycemic medications or insulin. Hyper-
tension was defined as use of antihypertensive medi-
cation or a systolic blood pressure �160 mm Hg or a
diastolic blood pressure �95 mm Hg on �2 occasions
before randomization. Hyperlipidemia was defined as
use of lipid-reducing medications or a fasting low-
density lipoprotein cholesterol level �4.14 mmol/L
(�160 mg/dl) or a fasting high-density lipoprotein
cholesterol level �1.16 mmol/L (�45 mg/dl), with
fasting triglycerides �2.82 mmol/L (�250 mg/dl).
Smoking was defined as smoking an average of �10
cigarettes a day in the 6 months before randomization.
All enrolled patients were �55 years and had not had
menses for �1 year. Parity was described as the total
number of pregnancies and number of live births.

BAC was defined as the presence of calcium in
either or both breasts. The prevalence of BAC was
determined, and 95% CIs were calculated. Classic
cardiovascular risk factors (age, body mass index,
blood pressure, hyperglycemia, diabetes, smoking, hy-
perlipidemia) and reproductive factors (parity and age
at menopause) were evaluated for their independent
effects on the prevalence of BAC. Univariate differ-
ences in patient characteristics at baseline were tested
by unpaired Student’s t tests and chi-square analyses.
Logistic regression was used to estimate the indepen-
dent effect of potential determinants of the presence of
BAC and expressed as ORs with 95% CIs as an
approximation of relative risk.

The baseline characteristics of women with and
without BAC are listed in Table 2. BAC was detected
in 138 of 600 women (23%, 95% CI 0.20 to 0.26). The
calcifications were graded as mild in 100 women

FIGURE 2. Percentage of women with BAC (n � 138) per age
group.

TABLE 2 Prevalence of Risk Factors in Women With and Without BAC (n � 600)

Risk Factor

BAC

� 23% (n � 138) 0 77% (n � 462)

Age (yrs) 70.4 � 6 66.5 � 6
Age �70 yrs 35.4% 15.5%
Age at menopause (yrs) 47.9 48.0
Parity

0–1 child 8 (14%) 50 (86%)
2–3 children 60 (19%) 260 (81%)
4–5 children 46 (35%) 87 (65%)
�6 children 22 (51%) 21 (49%)

Body mass index (kg/m2) 28 � 4 28 � 4
Systolic blood pressure (mm Hg) 156 � 20 150 � 22
Diastolic blood pressure (mm Hg) 85 � 10 85 � 10
Total cholesterol (mmol/L) (mg/dl) 5.3 � 1.0 (205 � 39) 5.2 � 1 (201 � 39)
High-density lipoprotein cholesterol

(mmol/L) (mg/dl)
1.3 � 0.3 (50 � 12) 1.3 � 0.3 (50 � 12)

Low-density lipoprotein cholesterol
(mmol/L) (mg/dl)

3.0 � 1.0 (116 � 39) 2.9 � 0.9 (112 � 35)

Triglyceride (mmol/L) (mg/dl) 1.5 � 0.9 (58 � 35) 1.7 � 1.0 (66 � 39)
Lipid-reducing medication 80% 82%
Current smoking 11% 22%
Hypertension medicine use 63% 63%
Diabetes mellitus 34% 26%
Healed myocardial infarction 15% 20%
Coronary bypass 19% 18%
Coronary angioplasty 12% 17%
Angina pectoris 79% 73%
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(72.5%), moderate in 28 women (20.3%), and severe
in 10 women (7.2%). The prevalence of BAC per age
group is shown in Figure 2. The prevalence of BAC
(35.4%; 80 of 226 women) was greatest in women
�70 years of age (OR 2.9, 95% CI 2.0 to 4.3). In 17
of 138 women (12%), BAC was seen in 1 breast only;
in all other women, the calcification was symmetrical.
Previous coronary heart disease events or angina pec-
toris with documented coronary artery disease was not
independently associated with BAC. Age at meno-
pause was not related to the presence of BAC,
whereas parity and BAC were strongly associated.
Within the different parity categories (Table 2), the
prevalence of BAC increased by 14% in women with
0 or 1 child, 19% in women with 2 or 3 children, 35%
in women with 4 or 5 children, and 51% in women
with �6 children (p �0.001).

The prevalence of BAC increased significantly (p
� 0.03 continuously) with increasing cardiovascular
risk score (Figure 3), but multivariate analysis showed
only age, diabetes, and parity to be separate indepen-
dent predictors of BAC (Table 3). With each year of
increasing age, the risk for BAC increased by 11%
(OR 1.11, 95% CI 1.07 to 1.15). The risk for BAC was
58% greater in diabetics than in nondiabetics (OR
1.58, 95% CI 1.01 to 2.49).

Multivariate analysis adjusted for age, body mass
index, and diabetes did not change the magnitude of
the association between the prevalence of BAC and
parity. The odds ratio for BAC was 1.8 (95% CI 0.8 to
4.2) in women with 3 or 4 children, 3.8 (95% CI 1.6
to 9.0) in women with 4 or 5 children, and 6.1 (95%
CI 2.3 to 16.4) in women with �6 children compared
with that of women with 0 or 1 child, respectively (p
value for trend 0.000).

• • •

In this cross-sectional study of postmenopausal
women at risk for coronary heart disease, we found a
large prevalence of BAC (23%, 95% CI 0.20 to 0.26)
in mammograms recorded at baseline. The prevalence
of BAC was greatest in women aged �70 years
(35.4%, OR 2.9, 95% CI 2.0 to 4.3). Although BAC
was significantly more common in women with
greater cardiovascular risk scores (p � 0.03) and in
women with diabetes mellitus (p � 0.01), no specific
cardiovascular risk factors besides age and diabetes
could be identified to explain the calcium. The signif-
icant positive trend between the magnitude of the
cardiovascular risk score (Figure 3) and the presence
or absence of BAC supports the hypothesis that car-
diovascular risk factors are related to these calcium
deposits and that BAC may be a marker of atheroscle-
rotic disease. The lack of a correlation between BAC
and traditional cardiovascular risk factors in this co-
hort is possibly due to the large prevalence of risk
factors and the relatively old age of the patients. An
interesting finding in our study was the strong and
independent association between BAC and parity (Ta-
ble 2), confirming the results of an earlier study.5 This
association may be due to hormonal changes in breast
tissue and its vascularization during pregnancy and the
regression of breast tissue thereafter. In our study
population, we had no information on breast-feeding.

Calcium deposits in breast arteries are located in
the media of the vessel wall, rather than in the intima,
as with calcium in the aorta and the coronary arteries.8
It is described as an noninflammatory, age-related
phenomenon and differs from atherosclerotic lesions
of the intima primarily in the sizes and types of the
arteries involved.3,8,9 In some reports, it has been
exclusively associated with older age and severe dia-
betes mellitus,1,2 but others also found a greater prev-
alence of hypertension, family history, and docu-
mented coronary artery disease.10 A smaller
prevalence of BAC has been reported in women using
hormone replacement therapy.11,12 Because we found
the strongest relation with parity, the biologic pathway
of these calcium deposits is unclear and possibly re-
lated to gestational hormones during pregnancy.
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Comparative Effects of Carvedilol and Amiodarone on
Conversion and Recurrence Rates of Persistent

Atrial Fibrillation

Emmanuel M. Kanoupakis, MD, Emmanuel G. Manios, MD, Hercules E. Mavrakis, MD,
Panos G. Tzerakis, MD, Helen K. Mouloudi, MD, and Panos E. Vardas, MD, PhD

Pretreatment with antiarrhythmic agents could im-
prove cardioversion and recurrence rates in patients
with persistent atrial fibrillation. In a prospective con-
trolled trial, 145 patients were randomly assigned to
treatment with carvedilol, amiodarone, or placebo
for 4 weeks before electrical cardioversion. Although
the 2 drugs had similar effects on cardioversion rates,
amiodarone was superior in terms of sinus rhythm
maintenance after conversion. �2004 by Excerpta
Medica, Inc.

(Am J Cardiol 2004;94:659–662)

To prevent atrial electrical remodeling in patients
with atrial fibrillation (AF), amiodarone is admin-

istered before electrical cardioversion to facilitate the
termination of the arrhythmia and the subsequent
maintenance of normal sinus rhythm.1–3 However, a
wide range of side effects limits the clinical value of
amiodarone4 and has resulted in a shift in research
activities toward other compounds. Although �-
blocker therapy has been used to control ventricular
rate in persistent or permanent AF, only a few studies
have examined the effectiveness of � antagonists for
the maintenance of sinus rhythm after cardiover-
sion.5–8 In this prospective trial, we examined the
conversion and recurrence rates of patients with per-
sistent AF randomly assigned to treatment with carve-
dilol, amiodarone, or placebo. We also investigated
the possible effects of these drugs on the electrical
properties of the remodeled atrium.

• • •
The study included patients with persistent AF

lasting �7 days who were �80 years old, had ven-
tricular rates at rest of �60 beats/min, systolic blood
pressure �90 mm Hg, and left atrial diameter �50

mm. Patients who had left ventricular ejection frac-
tions of �40%, concomitant treatment with class I or
III antiarrhythmic drugs, recorded amiodarone use
during the preceding 6 months, and contraindications
for � blockade, such as conduction disturbances,
asthma, or severe chronic obstructive pulmonary dis-
ease, were excluded.

Thyroid dysfunction and abnormal electrolyte con-
centrations were ruled out in all subjects. Signed writ-
ten consent was obtained from all subjects before their
participation in the study, which was approved by the
ethics committee of our institution.

On entry into the study (4 weeks before internal
cardioversion), 145 eligible patients were randomly
assigned to 3 treatment groups (A, B, or C) by a
computer-generated model. Patients assigned to group
A were to receive carvedilol at a starting dose of 6.25
mg twice daily, which was titrated up to 25 mg twice
daily depending on patients’ tolerance. Group B in-
cluded patients who received amiodarone 600 mg/day
for the first 2 weeks (after entry into the study), which
was reduced to a subsequent dose of 200 mg/day up to
the end of the study. No antiarrhythmic drugs were
administered to patients in group C, who served as
controls. In those patients in whom it was necessary to
control ventricular response in the period before con-
version, digitalis was administered.

All patients were properly anticoagulated by oral
treatment with acenocoumarol, which resulted in an
international normalized ratio of 2.5 to 3.5 for �4
weeks before electrical cardioversion.

In those patients who did not spontaneously con-
vert to sinus rhythm, internal cardioversion was per-
formed in the electrophysiology laboratory with a
specially designed balloon-guided catheter for energy
delivery (ALERT, EPMedSystems, Inc., West Berlin,
New Jersey). An intracardiac electrical shock (ranging
from 3 J to a maximum of 15 J, increased in steps of
3 J when necessary) was used for atrial defibrillation
(ALERT Companion, EPMed Systems, Inc.).

In all patients, a standard quadripolar catheter
(USCI, Inc., Norcross, Georgia) was advanced to the
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