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Background: Breast arterial calcifications (BAC) are commonly observed as
an incidental finding on screening mammography and have been linked to
cardiovascular disease. Whether BAC is independently associated with stroke
risk remains uncertain.

Methods: We conducted a systematic review and meta-analysis in accordance with
PRISMA 2020 guidelines. PubMed, Embase, and Scopus were searched from inception
to May 2024 for cohort studies evaluating the association between BAC and stroke.
Eligible studies included women undergoing mammography with documented
BAC status and subsequent stroke outcomes. Data on patient characteristics and
vascular risk factors were extracted. Study quality was appraised using the Joanna
Briggs Institute (JBI) Critical Appraisal Checklist. Random-effects meta-analyses with
restricted maximum likelihood (REML) estimation were performed to pool risk ratios
(RRs) and mean differences (MDs). Heterogeneity was assessed with the |2 statistic,
and publication bias with Egger's test.

Results: Ten cohort studies including 52,413 women were analyzed. The presence of
BAC was associated with more than a twofold increased risk of stroke (RR 2.09, 95%
Cl 1.58-2.75; I = 64.4%). This association persisted after adjustment for age, diabetes,
hyperlipidemia, and menopausal status. Compared with BAC-negative women,
those with BAC were significantly older (MD 7.07 years, 95% Cl 544-8.70) and more
frequently hypertensive (RR 148, 95% Cl 1.23-1.78), diabetic (RR 167, 95% CI 1.38—
2.02), hyperlipidemic (RR 1.27, 95% CI 1.07-1.51), and postmenopausal (RR 1.26, 95%
Cl1.00-1.59). Interestingly, BAC was less common among smokers (RR 0.62, 95% ClI
045-0.86). Egger's test showed no evidence of publication bias (p = 0.143).
Conclusion: BAC detected on screening mammography is independently
associated with an increased risk of stroke, even after accounting for traditional
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risk factors. These findings support BAC as a promising, underutilized imaging
biomarker of cerebrovascular risk in women and highlight the need for
standardized reporting and prospective validation.
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Introduction

Breast arterial calcifications (BAC) are a common incidental
finding on screening mammography, traditionally regarded as benign
and not routinely reported (1). Emerging evidence, however, suggests
that BAC reflect systemic vascular pathology and are associated with
coronary artery disease (CAD) and adverse cardiovascular disease
(CVD) outcomes (2-4). Recognition of sex-specific risk factors for
CVD has been limited, with traditional risk models often overlooking
conditions unique to women such as hypertensive disorders of
pregnancy, gestational diabetes, and menopause (5, 6). Developing
female-specific screening and risk stratification strategies is therefore
essential. Mammography, already widely implemented for breast
cancer detection, offers a unique opportunity to also capture
cardiovascular risk markers in women. The American College of
Radiology (ACR) recommends routine mammographic screening
beginning at age 40 through 74, with annual screening at least until 55
(7), providing a broad population-level platform for opportunistic
vascular risk assessment.

Stroke, defined as an acute focal neurological deficit due to vascular
injury (ischemic or hemorrhagic), is the second leading cause of death
and disability worldwide (8). Its burden is projected to rise, particularly
among women, in whom traditional cardiovascular risk models often
underestimate risk. Current tools such as the Framingham Stroke Risk
Profile do not incorporate specific imaging biomarkers like BAC, which
may represent an underutilized predictor of cerebrovascular events (9).

Pathologically, BAC represent medial arterial calcification
(Monckeberg sclerosis), distinct from intimal atherosclerotic
plaques. Medial calcification contributes to arterial stiffness and
hemodynamic changes that predispose to end-organ damage rather
than luminal obstruction (10). The prevalence of BAC is reported
in 12-30% of screened women and increases with age, parity,
diabetes, and chronic kidney disease (11). Unlike atherosclerotic
calcifications, BAC appear more strongly linked to mineral
metabolism and diabetes, and less to smoking or dyslipidemia,
supporting its role as an independent vascular risk marker.

Although several studies and meta-analyses have reported
associations between BAC and broad CVD outcomes, including CAD,
heart failure, and peripheral vascular disease, stroke has been
comparatively understudied (1, 2, 12). Findings from available studies
are inconsistent, leaving uncertainty about the role of BAC in stroke
prediction. Yet, stroke is of particular interest, as cerebral small-vessel
disease and large-artery stiffness may share pathophysiological
pathways with medial calcification (13). Furthermore, multiple studies
have reported independent associations between BAC and mortality
and CVD events in women aged 40-59, the demographic most
frequently undergoing mammographic screening (2, 14).

To date, no systematic review or meta-analysis has examined
BAC in relation to stroke as a primary outcome. Prior reviews have
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pooled heterogeneous cardiovascular events, diluting stroke-
specific associations. Our study addresses this gap by synthesizing
available evidence on BAC and incident stroke (ischemic and
hemorrhagic), while also evaluating patient characteristics and
vascular risk factors to clarify the potential role of BAC as a
cerebrovascular risk marker.

Methods
Search strategy

This review was conducted in accordance with the PRISMA 2020
guidelines. A comprehensive search of PubMed, Embase, and Scopus
was performed from inception through February 2025 using terms
(BAC),
cerebrovascular outcomes. No language or publication year

related to breast arterial calcification stroke, and

restrictions were applied.

Eligibility criteria

Studies were eligible if they were prospective or retrospective
cohorts that included women undergoing screening or diagnostic
mammography, reported the presence of BAC, included a comparator
group without BAC, and assessed incident stroke (ischemic or
hemorrhagic). Studies reporting only composite cardiovascular
outcomes were included only if stroke data could be extracted separately.
Reviews, editorials, case reports, and conference abstracts were excluded.

Study selection

Two reviewers independently screened titles and abstracts, and
full texts were retrieved for all potentially eligible records.
Discrepancies were resolved through discussion and consensus. The
process of study identification, screening, and inclusion is summarized
in the PRISMA flow diagram (Figure 1).

Data extraction

Data extraction was performed independently by two reviewers
using a standardized template. Extracted data included study design,
sample size, characteristics of BAC-positive and BAC-negative groups,
methods of BAC ascertainment, stroke outcomes, follow-up duration,
and covariates used for adjustment. Additional information on patient
comorbidities and risk factors, such as hypertension, diabetes,
hyperlipidemia, smoking, and menopausal status—was also collected.
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FIGURE 1

PRISMA flow diagram of search and screening.

Risk of bias assessment

The methodological quality of included studies was assessed using
the Joanna Briggs Institute (JBI) Critical Appraisal Checklist for
Cohort Studies, which evaluates comparability of groups, validity of
exposure and outcome measurement, adequacy of follow-up, and
appropriateness of statistical analyses.

Outcomes

The primary outcome was incident stroke, including both
ischemic and hemorrhagic events. Secondary outcomes included
differences in baseline characteristics between BAC-positive and
BAC-negative groups, providing insight into risk factor distributions.
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Data synthesis and statistical analysis

Meta-analyses were conducted in R (version 4.3.2) using the
meta and metafor packages. For all outcomes, we performed
random-effects meta-analyses using restricted maximum
likelihood (REML). Pooled effect sizes are reported as risk ratios
(RRs) for dichotomous outcomes and mean differences (MDs) for
continuous outcomes, each with 95% confidence intervals (CIs).
Between-study heterogeneity was assessed using the I* statistic
and Cochran’s Q test, with I* > 50% or p-value <0.05 considered
evidence of significant heterogeneity. Sensitivity analyses
included leave-one-out analyses and influence diagnostics.
Publication bias was assessed using funnel plots and Egger’s
regression test whenever more than 10 studies were included in
the analysis.
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Results
Study selection

Our initial search across PubMed, Embase, and Scopus yielded a
total of 349 records. After removing 118 duplicates, 231 unique
records were screened. Of these, 216 were excluded, including
conference abstracts (n = 15), studies not addressing stroke risk
(n =14), irrelevant records (n =178), reviews (n =8), and one
withdrawn study. Fifteen full-text reports were retrieved and assessed
for eligibility. Following review, five reports were excluded due to
overlapping data (n =4) or lack of outcome reporting (n =1).
Ultimately, 10 studies met the inclusion criteria and were incorporated
into the systematic review and meta-analysis (Figure 1).

Summary of the included studies

Ten cohort studies (1998-2024) comprising 52,413 women (BAC+ =
7,787; BAC- = 44,626) were included. Per-study totals ranged from 197
to 17,914 participants (BAC + group sizes 70-4,138; BAC- group sizes
125-13,776). Composite endpoints varied across cohorts (e.g.,
MI + stroke + CVD death; broader 5- to 9-component sets), and
outcomes were typically ascertained via medical records or registry
linkage with variable follow-up durations (Supplementary Table S1).

Baseline characteristics of BAC(+) and
BAC(-) groups

Patients baseline characteristics are summarized in
Supplementary Tables S2, S3. When comparing baseline characteristics
between women with and without BAC, several consistent patterns
emerged across studies. Women with BAC were significantly older at
the time of screening, with a pooled mean difference of just over 7
years (MD 7.07,95% CI 4.23-9.91). In addition to age, cardiometabolic

risk factors were more prevalent in the BAC-positive group. The
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likelihood of having diabetes mellitus was nearly twofold higher (RR
1.67,95% CI 1.38-2.02), and hypertension was also more common
(RR 1.48, 95% CI 1.23-1.78) (Figure 2). Similarly, the prevalence of
hyperlipidemia was modestly elevated (RR 1.27, 95% CI 1.07-1.51).

Reproductive status also differed between the groups. Women with
BAC were more likely to be postmenopausal at the time of mammographic
screening (RR 1.26, 95% CI 1.00-1.59) (Supplementary Figure S1).
Smoking showed an opposite pattern: the prevalence of current smoking
was substantially lower among women with BAC compared to those
without (RR 0.62, 95% CI 0.45-0.86) (Supplementary Figure S2).

Other clinical characteristics, including the use of antihypertensive
or lipid-lowering medications (statins), total cholesterol levels, history
of cardiovascular disease, and current use of hormone therapy did not
show consistent differences between groups. These findings suggest
that while women with BAC share a higher burden of traditional
vascular risk factors, some behaviors, such as smoking, may be less
common in this population (Supplementary Figures S3-57).

Meta-analysis of stroke outcomes

A total of 10 studies (n = 52,413 women; 7,787 with BAC and
44,626 without BAC) reported on the association between breast
arterial calcifications and incident stroke. The pooled analysis using a
random-effects model demonstrated that women with BAC had a
significantly higher risk of stroke compared with those without BAC
(RR 2.09, 95% CI 1.58-2.75, p < 0.001; Figure 3). Between-study
heterogeneity was moderate (I* = 64.4%, 7 = 0.0841, p for Cochran’s
Q =0.0026).

Publication bias

Visual inspection of the funnel plot did not suggest substantial
asymmetry, and Egger’s regression test was not statistically significant
(p =0.143), indicating no evidence of small-study effects
(Supplementary Figure S8).

A.Age
AC (+) BAC (-) Mean Difference
Study Total lean sD Total Mean sb IV, Random, 95% CI MD 95%-Cl  Weight
Allen, 2024 4223 6520 1160 13869 5420 10.00 11.00  [10.61;11.39] 11.3%
Galiano, 2022 128 59.00 5.97 128 59.50 517 [-1.87; 0.87] 11.0%
Nudy, 2022 114 66.80 9.70 925 5410 1040 [10.80; 14.60] 10.8%
Crystal, 2000 152 65.00 8.00 713 54.00 9.00 [9.57; 12.43] 11.0%
Fung, 2009 70 6426 6.85 661 52.00 6.65 [10.58; 13.94] 10.9%
kataoka, 2006 254 65.80 460 1336 6270 4.40 [249; 3.71] 11.3%
Iribarren, 2022 1338  67.10 4.80 3721 65.20 4.20 [1.61; 2.19] 11.3%
Iribarren, 2004 424 66.00 800 12337 56.00 7.00 [9.23;10.77] 1.2%
van Noord, 1998 1107 60.10 400 10997 5750 4.30 [2.35; 2.85] 11.3%
Random effects model 7810 44687 [4.23; 9.91]  100.0%
Heterogeneity: [ = 99.6%, <* = 18.5654, p = 0
Test for overall effect: z = 4.88 (p < 0.0001) 10 5 0 5 10
Favours BAC (-) Favours BAC (+)
.
C. Hypertension
BAC (+) BAC (-) Risk Ratio
Study Events Total Events Total M-H, Random, 95% CI RR 95%-Cl Weight
Allen, 2024 2179 4223 4350 13869 = 1.65 [1.58;1.71] 127%
Iribarren, 2022 804 1338 2041 3721 = 1.10 [1.04;1.15] 127%
Galiano, 2022 101 128 86 128 HE— 1.17 [1.01;1.37] 11.8%
Nudy, 2022 70 114 358 925 —- 159 [1.34;1.87] 11.6%
Crystal, 2000 79 152 177 713 —— 209 [1.72;2.56] 11.1%
Fung, 2009 3% 70 104 661 —#— 318 [2.37,4.26] 9.6%
kataoka, 2006 25 240 149 1279 ——— 0.89 [0.60;1.33] 7.9%
de Almeida, 2014 45 72 66 125 T 1.18 [0.93;1.51] 10.4%
Iribarren, 2004 174 424 3549 12337 - 143 [1.27;1.60] 12.2%
Random effects model 6761 33758 = 1.48 [1.23; 1.78] 100.0%

Heterogeneity: I = 96.2%, * = 0.0676, p <0.0001
Test for overall effect: 2 = 4.2 (p < 0.0001)

05 1 2
Favours BAC (+)  Favours BAC (-)

FIGURE 2
Correlates of BAC presence (baseline comparisons BAC+ vs BAC-).

B. DM
BAC (- BAC () Risk Ratio
Study Events Total Events Total M-H, Random, 95% CI RR 95%-Cl Weight
Allen, 2024 730 4223 1537 13869 = 1.56 [1.44;1.69] 17.6%
Iribarren, 2022 192 1338 453 3721 H- 1.18 [1.01;1.38] 16.1%
Nudy, 2022 12 114 66 925 148 [0.82;264] 6.6%
Fung, 2009 1" 70 27 661 ————=%——— 385 [200;742] 57%
kataoka, 2006 6 254 25 1336 1.26 [0.52;3.05] 3.7%
de Almeida, 2014 16 72 13 125 —_— 214 [1.09;4.18] 55%
Iribarren, 2004 55 424 710 12337 —— 225 [1.74,291] 136%
van Noord, 1998 71 1107 385 10997 —_— 1.83 [1.43;2.34] 13.9%
Random effects model 7882 44812 - 1.67 [1.38; 2.02] 100.0%
Heterogeneity: /2 = 75.1%, ¢* = 0.0509, p < 0.0001 4 T T 1
Test for overall effect: z = 5.34 (p < 0.0001) 02 05 1 2 5
Favours BAC (+)  Favours BAC (-)
D. Hyperlipidemia
BAC (+) BAC () Risk Ratio
Study Events Total Events Total M-H, Random, 95% CI RR 95%-Cl Weight
Allen, 2024 2071 4223 5185 13869 1.31 [1.26;1.36) 32.0%
Fung, 2009 10 70 31 661 3.05 [1.56;5.95] 5.6%
Crystal, 2000 53 152 180 713 1.38 [1.07;1.78] 19.3%
Nudy, 2022 44 114 307 925 1.16 [0.91;1.49) 19.5%
Galiano, 2022 81 128 81 128 1.00 [0.83;1.21] 23.6%
Random effects model 4687 16296 1.27 [1.07; 1.51] 100.0%
Heterogeneity: /2 = 73.4%, * = 0.0242, p = 0.0046 f i ! i
Test for overall effect: z = 2.72 (p = 0.0066) 0.2 05 1 2
Favours BAC (+) ~ Favours BAC (-)
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Sensitivity and influence analyses

Leave-one-out analyses demonstrated robust findings, with pooled
risk ratios ranging from 1.97 to 2.29 (all statistically significant), and
heterogeneity ranging between 52 and 68% depending on which study
was excluded (Supplementary Figure S9). Influence diagnostics (CooK’s
distance, DFFITS, covariance ratios, and studentized residuals) did not
identify any single study that disproportionately influenced the overall
effect (Supplementary Figure S10).

Quality assessment

Using the JBI Critical Appraisal Checklist for Cohort Studies, all
10 included studies were judged suitable for synthesis. Most cohorts
recruited comparable groups, applied consistent and valid methods
for exposure assessment, and used appropriate statistical analyses. The
main methodological limitations were inconsistent reporting of
confounder adjustment and follow-up procedures, although outcome
measurement was generally reliable. A detailed breakdown of item-
level ratings is provided in Supplementary Figures S11, S12.

Discussion

In this systematic review and meta-analysis of 10 cohort studies
including 52,413 women, the presence of BAC was associated with more
than a twofold increased risk of stroke. This association persisted across
sensitivity analyses adjusted for age, diabetes, menopause, and
hyperlipidemia, with pooled estimates ranging from 1.97 to 2.29 despite
moderate heterogeneity. Women with BAC were consistently older
(mean difference 7 years) and more likely to have hypertension, diabetes,
hyperlipidemia, and postmenopausal status, underscoring BAC as a
marker of elevated vascular risk detectable on screening mammography.

A notable finding was the inverse association between BAC and
smoking, consistent with prior cohorts and meta-analyses (12, 15-20).
Although counterintuitive, this reflects the distinct biology of medial
arterial calcification (Monckeberg sclerosis), which is characterized by
osteogenic transformation of vascular smooth muscle cells, matrix

10.3389/fneur.2026.1716747

vesicle release, and calcium phosphate deposition (21-27). Unlike
intimal atherosclerosis, strongly linked to smoking, medial
calcification is more closely associated with age, diabetes, and
disorders of mineral metabolism. These findings support BAC as a
marker of medial arterial disease, a process that increases arterial
stiffness and pulse pressure, both established contributors to stroke
pathogenesis (28, 29).

The association between BAC and postmenopausal status likely
reflects the combined effect of age and hormonal decline. Estrogen
supports vascular homeostasis through favorable effects on lipid
metabolism and nitric oxide-mediated vasodilation, while its loss
promotes oxidative stress, endothelial dysfunction, and vascular
calcification (30-34). Because most included studies did not report
menopausal age or duration, we were unable to distinguish the impact
of hormonal factors from chronological aging. Prospective datasets with
detailed reproductive histories are needed to clarify this relationship.

Most studies classified BAC as a binary variable, limiting dose—
response analyses. Only Allen et al. (14) applied a structured scoring
system and found that greater BAC burden predicted higher mortality,
particularly among younger women. Current reporting practices are
inconsistent: most radiologists record BAC as present/absent, fewer
provide semiquantitative grading, and only 1% use standardized scoring
(35). Establishing a consensus reporting system, potentially through
Delphi methods, will be critical to determine whether BAC should be
incorporated qualitatively or quantitatively into mammography reports.
In parallel, AI-based methods are being actively developed to support
this transition: for instance, Saccenti et al. (36) validated a deep-learning
algorithm that assigns a BAC Al score (0-10), showed strong correlation
with radiologists’ manual scoring (r = 0.83), and suggested that this
automated quantification might facilitate integration of BAC into
routine mammography reporting.

Our findings also highlight the need for clinical guidance. At
present, BAC is variably reported, and there is no consensus on
whether its detection should prompt further cardiovascular or
cerebrovascular evaluation. While residual confounding cannot be
excluded, our results suggest that BAC is an independent risk marker
for stroke. Given that mammographic screening begins around age 40
for average risk women, well before the average age of first stroke in
women (73 years in the United States), identifying BAC could provide

BAC (+) BAC (-) Risk Ratio
Study Events Total Events Total M-H, Random, 95% CI RR 95%-Cl Weight
Allen, 2024 110 4138 149 13776 = 246 [1.93; 3.14] 20.0%
Iribarren, 2022 27 1338 50 3721 = 1.50 [0.94; 2.39] 14.2%
Galiano, 2022 9 128 6 128 # 1.50 [0.55; 4.09] 5.7%
Nudy, 2022 6 114 10 925 —— 487 [1.80; 13.14] 5.8%
Crystal, 2000 8 152 8 713 —— 469 [1.79; 12.30] 6.1%
Fung, 2009 3 70 0 661 —— 65.68 [3.43; 1258.66] 0.8%
kataoka, 2006 4 254 11 1336 191 [0.61; 596] 4.7%
de Almeida, 2014 3 72 1 125 521 [0.55; 49.15] 1.4%
Iribarren, 2004 83 414 1305 12264 1.88 [1.54; 2.30] 21.0%
van Noord, 1998 74 1107 527 10977 1.39 [1.10; 1.76] 20.2%
Random effects model 7787 44626 : < : | 2.09 [1.58; 2.75] 100.0%

Heterogeneity: /2 = 64.4%, 12 = 0.0841, p = 0.0026 '
Test for overall effect: z =5.22 (p < 0.0001) 0.001

FIGURE 3
Primary pooled analysis (BAC+ vs BAC-).
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an early window for preventive counseling and more aggressive
management of modifiable risk factors (37).

This study has several strengths, including its large pooled sample,
stroke-specific focus, and risk factor comparisons between
BAC-positive and negative women. Limitations include reliance on
observational designs, variable covariate definitions, and the inability
to differentiate ischemic from hemorrhagic stroke in most studies.
Furthermore, menopausal details were inconsistently reported, and the
absence of harmonized BAC scoring precluded dose-response analyses.

Future research should prioritize prospective cohorts with
standardized BAC scoring systems, stroke subtype-specific analyses,
and mechanistic studies to clarify the vascular pathways linking BAC
to cerebrovascular risk. Delphi consensus initiatives are needed to
establish uniform reporting practices, and interventional studies
should test whether incorporating BAC into risk assessment improves
stroke prevention strategies. Finally, given the higher prevalence of
BAC in Hispanic and Black women, longitudinal studies are warranted
to determine how racial and ethnic disparities in BAC translate into
differential stroke risk (38, 39).

Conclusion

BAC identified on screening mammography is strongly
associated with incident stroke, independent of traditional vascular
risk factors. These findings support BAC as a promising but
underutilized biomarker of cerebrovascular risk in women and
highlight the need for standardized reporting and prospective
validation.

Data availability statement

The data analyzed in this study is subject to the following licenses/
restrictions: all data extracted and analyzed for this systematic review
and meta-analysis are derived from published studies cited in the
manuscript. The datasets generated during the synthesis are available
from the corresponding author on reasonable request. Requests to
access these datasets should be directed to Sherief Ghozy, Ghozy.
Sherief@mayo.edu.

Author contributions

SG: Conceptualization, Data curation, Formal analysis,
Methodology, Project administration, Visualization, Writing -
original draft, Writing - review & editing. SJ: Conceptualization, Data
curation, Methodology, Validation, Writing - review & editing. MA:
Data curation, Formal analysis, Methodology, Visualization, Writing —
review & editing. MS: Data curation, Investigation, Supervision,
Validation, Writing - original draft, Writing - review & editing. PP:

Data curation, Methodology, Validation, Writing - review & editing.

References

1. Iribarren, C, Chandra, M, Lee, C, Sanchez, G, Sam, DL, Azamian, FF, et al.
Breast arterial calcification: a novel cardiovascular risk enhancer among

Frontiers in Neurology

10.3389/fneur.2026.1716747

MF: Data curation, Methodology, Validation, Writing - review &
editing. AG: Conceptualization, Data curation, Methodology,
Validation, Writing - review & editing. RB: Conceptualization, Data
curation, Investigation, Methodology, Validation, Writing - review &
editing. AD: Data curation, Methodology, Project administration,
Supervision, Validation, Writing - review & editing. RK:
Methodology,
administration, Supervision, Validation, Writing - review & editing.

Conceptualization, Investigation, Project
AC: Conceptualization, Methodology, Project administration,
Supervision, Validation, Writing - original draft, Writing - review &
editing. DK: Conceptualization, Investigation, Methodology, Project

administration, Supervision, Validation, Writing - review & editing.

Funding

The author(s) declared that financial support was not received for
this work and/or its publication.

Conflict of interest

The author(s) declared that this work was conducted in the
absence of any commercial or financial relationships that could be
construed as a potential conflict of interest.

Generative Al statement

The author(s) declared that Generative AI was not used in the
creation of this manuscript.

Any alternative text (alt text) provided alongside figures in this
article has been generated by Frontiers with the support of artificial
intelligence and reasonable efforts have been made to ensure accuracy,
including review by the authors wherever possible. If you identify any
issues, please contact us.

Publisher’s note

All claims expressed in this article are solely those of the authors
and do not necessarily represent those of their affiliated organizations,
or those of the publisher, the editors and the reviewers. Any product
that may be evaluated in this article, or claim that may be made by its
manufacturer, is not guaranteed or endorsed by the publisher.

Supplementary material

The Supplementary material for this article can be found online
at: https://www.frontiersin.org/articles/10.3389/fneur.2026.1716747/
full#supplementary-material

postmenopausal women. Circ Cardiovasc Imaging. (2022) 15:e013526. doi: 10.1161/
circimaging.121.013526

frontiersin.org


https://doi.org/10.3389/fneur.2026.1716747
https://www.frontiersin.org/journals/neurology
https://www.frontiersin.org
mailto:Ghozy.Sherief@mayo.edu
mailto:Ghozy.Sherief@mayo.edu
https://www.frontiersin.org/articles/10.3389/fneur.2026.1716747/full#supplementary-material
https://www.frontiersin.org/articles/10.3389/fneur.2026.1716747/full#supplementary-material
https://doi.org/10.1161/circimaging.121.013526
https://doi.org/10.1161/circimaging.121.013526

Ghozy et al.

2. Daniels, LB, and Itchhaporia, D. Breast arterial calcification as a cardiovascular risk
factor: time to "bust" it out. JACC Adv. (2025) 4:101638. doi: 10.1016/j.jacadv.2025.101638

3. Kadioglu, A, and Bahadir, S. Breast arterial calcifications as an indicator of
atherosclerotic cardiovascular disease: comparative analysis of coronary computed
tomography scoring systems and carotid intima-media thickness. Quant Imaging Med
Surg. (2022) 12:457-69. doi: 10.21037/qims-21-98

4. Rossi, ], Cho, L, Newell, MS, Venta, LA, Montgomery, GH, Destounis, SV, et al.
Breast arterial calcifications on mammography: a review of the literature. J Breast
Imaging. (2025) 7:268-79. doi: 10.1093/jbi/wbaf009

5. Nathani, M, Vogel, B, and Mehran, R. Closing the gap: cardiovascular disease in
women. Climacteric. (2024) 27:16-21. doi: 10.1080/13697137.2023.2281935

6. Theodorou, A, Karagiannakis, DS, Stefanaki, K, Kassi, E, Peppa, M, Vryonidou, A,
et al. Female-specific risk factors for cardiovascular disease: an update. Hormones
(Athens). (2024) 23:637-53. doi: 10.1007/s42000-024-00576-5

7. American College of Radiology. ACR appropriateness criteria®: Female breast
Cancer screening - Narrative. Reston, VA: American College of Radiology (2025).

8. Murphy, SJ, and Werring, DJ. Stroke: causes and clinical features. Medicine. (2020)
48:561-6. doi: 10.1016/j.mpmed.2020.06.002

9. Pelcher, I, Puzo, C, Tripodis, Y, Aparicio, HJ, Steinberg, EG, Phelps, A, et al. Revised
Framingham stroke risk profile: association with cognitive status and MRI-derived
volumetric measures. J Alzheimer’s Dis. (2020) 78:1393-408. doi: 10.3233/jad-200803

10. Bui, QM, and Daniels, LB. A review of the role of breast arterial calcification for
cardiovascular risk stratification in women. Circulation. (2019) 139:1094-101. doi:
10.1161/circulationaha.118.038092

11. Loberant, N, Salamon, V, Carmi, N, and Chernihovsky, A. Prevalence and degree
of breast arterial calcifications on mammography: a cross-sectional analysis. J Clin
Imaging Sci. (2013) 3:36. doi: 10.4103/2156-7514.119013

12. Hendriks, EJ, de Jong, PA, van der Graaf, Y, Mali, WP, van der Schouw, YT, and
Beulens, JW. Breast arterial calcifications: a systematic review and meta-analysis of their
determinants and their association with cardiovascular events. Atherosclerosis. (2015)
239:11-20. doi: 10.1016/j.atherosclerosis.2014.12.035

13. Du, H, Zheng, ], Li, X, Dong, Y, Cheng, Y, Liu, C, et al. The correlation between
medial pattern of intracranial arterial calcification and white matter hyperintensities.
Atherosclerosis. (2023) 381:117247. doi: 10.1016/j.atherosclerosis.2023.117247

14. Allen, TS, Bui, QM, Petersen, GM, Mantey, R, Wang, J, Nerlekar, N, et al.
Automated breast arterial calcification score is associated with cardiovascular outcomes
and mortality. JACC Adv. (2024) 3:101283. doi: 10.1016/j.jacadv.2024.101283

15. Crystal, P, Crystal, E, Leor, J, Friger, M, Katzinovitch, G, and Strano, S. Breast artery
calcium on routine mammography as a potential marker for increased risk of
cardiovascular disease. Am J Cardiol. (2000) 86:216-7. doi: 10.1016/s0002-9149(00)00860-2

16. Ferreira, JA, Pompei, LM, Fernandes, CE, Azevedo, LH, and Peixoto, S. Breast arterial
calcification is a predictive factor of cardiovascular disease in Brazilian postmenopausal
women. Climacteric. (2009) 12:439-44. doi: 10.1080/13697130902957287

17. Iribarren, C, Go, AS, Tolstykh, I, Sidney, S, Johnston, SC, and Spring, DB. Breast
vascular calcification and risk of coronary heart disease, stroke, and heart failure. J
Women's Health. (2004) 13:381-9. doi: 10.1089/154099904323087060

18. Rotter, MA, Schnatz, PE, Currier, AA Jr, and O'Sullivan, DM. Breast arterial
calcifications (BACs) found on screening mammography and their association with
cardiovascular disease. Menopause. (2008) 15:276-81. doi: 10.1097/gme.0b013e3181405d0a

19. Sedighi, N, Radmard, AR, Radmehr, A, Hashemi, P, Hajizadeh, A, and Taheri, AP.
Breast arterial calcification and risk of carotid atherosclerosis: focusing on the preferentially
affected layer of the vessel wall. Eur ] Radiol. (2011) 79:250-6. doi: 10.1016/j.ejrad.2010.04.007

20. Shah, N, Chainani, V, Delafontaine, P, Abdo, A, Lafferty, ], and Abi Rafeh, N.
Mammographically detectable breast arterial calcification and atherosclerosis. Cardiol
Rev. (2014) 22:69-78. doi: 10.1097/CRD.0b013e318295¢029

21. Fathala, A, Abunayyan, D, and Zeitouni, L. Breast arterial calcification on a
screening mammogram: a potential cardiovascular risk stratification tool in women. Rev
Cardiovasc Med. (2025) 26:25958. doi: 10.31083/rcm25958

Frontiers in Neurology

07

10.3389/fneur.2026.1716747

22.Janssen, T, Bannas, P, Herrmann, ], Veldhoen, S, Busch, JD, Treszl, A, et al.
Association of linear "*F-sodium fluoride accumulation in femoral arteries as a measure
of diffuse calcification with cardiovascular risk factors: a PET/CT study. ] Nucl Cardiol.
(2013) 20:569-77. doi: 10.1007/s12350-013-9680-8

23. Lanzer, P, Boehm, M, Sorribas, V, Thiriet, M, Janzen, ], Zeller, T, et al. Medial
vascular calcification revisited: review and perspectives. Eur Heart J. (2014) 35:1515-25.
doi: 10.1093/eurheartj/ehul63

24. Leopold, JA. Vascular calcification: mechanisms of vascular smooth muscle cell
calcification. Trends Cardiovasc Med. (2015) 25:267-74. doi: 10.1016/j.tcm.2014.10.021

25. Lilly, SM, Qasim, AN, Mulvey, CK, Churchill, TW, Reilly, MP, and Eraso, LH.
Non-compressible arterial disease and the risk of coronary calcification in type-2
diabetes. Atherosclerosis. (2013) 230:17-22. doi: 10.1016/j.atherosclerosis.2013.06.004

26. London, GM, Guérin, AP, Marchais, SJ, Métivier, F, Pannier, B, and Adda, H.
Arterial media calcification in end-stage renal disease: impact on all-cause and
cardiovascular mortality. Nephrol Dial Transplant. (2003) 18:1731-40. doi: 10.1093/
ndt/gfg414

27.Onnis, C, Virmani, R, Kawai, K, Nardi, V, Lerman, A, Cademartiri, F, et al.
Coronary artery calcification: current concepts and clinical implications. Circulation.
(2024) 149:251-66. doi: 10.1161/circulationaha.123.065657

28. Vos, A, Kockelkoren, R, de Vis, JB, van der Schouw, YT, Schaaf, IC, Velthuis, BK,
et al. Risk factors for atherosclerotic and medial arterial calcification of the intracranial
internal carotid artery. Atherosclerosis. (2018) 276:44-9. doi: 10.1016/j.
atherosclerosis.2018.07.008

29. Wang, X, Chen, X, Chen, Z, and Zhang, M. Arterial calcification and its association
with stroke: implication of risk, prognosis, treatment response, and prevention. Front
Cell Neurosci. (2022) 16:845215. doi: 10.3389/fncel.2022.845215

30. Bukhari, MMM, Khabooshani, M, Naqvi, SM, and McNamara, LM. Estrogen
deficiency alters vascularization and mineralization dynamics: insight from a novel 3-D
humanized and vascularized bone organoid model. Am ] Physiol Cell Physiol. (2025)
328:C743-c756. doi: 10.1152/ajpcell.00738.2024

31. Davis, SR, Lambrinoudaki, I, Lumsden, M, Mishra, GD, Pal, L, Rees, M, et al.
Menopause. Nat Rev Dis Primers. (2015) 1:15004. doi: 10.1038/nrdp.2015.4

32. Maas, A, Rosano, G, Cifkova, R, Chieffo, A, van Dijken, D, Hamoda, H, et al.
Cardiovascular health after menopause transition, pregnancy disorders, and other
gynaecologic conditions: a consensus document from European cardiologists,
gynaecologists, and endocrinologists. Eur Heart J. (2021) 42:967-84. doi: 10.1093/
eurheartj/ehaal044

33.Rodrigues, ], Wang, YF, Singh, A, Hendriks, M, Dharmalingam, G,
Cohen-Solal, M, et al. Oestrogen enforces the integrity of blood vessels in the bone
during pregnancy and menopause. Nat Cardiovasc Res. (2022) 1:918-32. doi:
10.1038/s44161-022-00139-0

34. Ryczkowska, K, Adach, W, Janikowski, K, Banach, M, and Bielecka-Dabrowa, A.
Menopause and women's cardiovascular health: is it really an obvious relationship? Arch
Med Sci. (2023) 19:458-66. doi: 10.5114/a0oms/157308

35.Brown, AL, Wahab, RA, Zhang, B, Smetherman, DH, and Mahoney, MC.
Reporting and perceptions of breast arterial calcification on mammography: a survey of
ACR radiologists. Acad Radiol. (2022) 29:5192-5198. doi: 10.1016/j.acra.2021.01.027

36. Saccenti, L, Ben Jedida, B, Minssen, L, Nouri, R, Bejjani, LE, Remili, H, et al.
Evaluation of a deep learning-based software to automatically detect and quantify breast
arterial calcifications on digital mammogram. Diagn Interv Imaging. (2025) 106:98-104.
doi: 10.1016/;.diii.2024.10.001

37. Persky, RW, Turtzo, LC, and McCullough, LD. Stroke in women: disparities and
outcomes. Curr Cardiol Rep. (2010) 12:6-13. doi: 10.1007/s11886-009-0080-2

38. Iribarren, C, and Molloi, S. Breast arterial calcification: a new marker of
cardiovascular risk? Curr Cardiovasc Risk Rep. (2013) 7:126-35. doi: 10.1007/
s12170-013-0290-4

39. Reddy, ], Son, H, Smith, SJ, Paultre, F, and Mosca, L. Prevalence of breast arterial
calcifications in an ethnically diverse population of women. Ann Epidemiol. (2005)
15:344-50. doi: 10.1016/j.annepidem.2004.11.006

frontiersin.org


https://doi.org/10.3389/fneur.2026.1716747
https://www.frontiersin.org/journals/neurology
https://www.frontiersin.org
https://doi.org/10.1016/j.jacadv.2025.101638
https://doi.org/10.21037/qims-21-98
https://doi.org/10.1093/jbi/wbaf009
https://doi.org/10.1080/13697137.2023.2281935
https://doi.org/10.1007/s42000-024-00576-5
https://doi.org/10.1016/j.mpmed.2020.06.002
https://doi.org/10.3233/jad-200803
https://doi.org/10.1161/circulationaha.118.038092
https://doi.org/10.4103/2156-7514.119013
https://doi.org/10.1016/j.atherosclerosis.2014.12.035
https://doi.org/10.1016/j.atherosclerosis.2023.117247
https://doi.org/10.1016/j.jacadv.2024.101283
https://doi.org/10.1016/s0002-9149(00)00860-2
https://doi.org/10.1080/13697130902957287
https://doi.org/10.1089/154099904323087060
https://doi.org/10.1097/gme.0b013e3181405d0a
https://doi.org/10.1016/j.ejrad.2010.04.007
https://doi.org/10.1097/CRD.0b013e318295e029
https://doi.org/10.31083/rcm25958
https://doi.org/10.1007/s12350-013-9680-8
https://doi.org/10.1093/eurheartj/ehu163
https://doi.org/10.1016/j.tcm.2014.10.021
https://doi.org/10.1016/j.atherosclerosis.2013.06.004
https://doi.org/10.1093/ndt/gfg414
https://doi.org/10.1093/ndt/gfg414
https://doi.org/10.1161/circulationaha.123.065657
https://doi.org/10.1016/j.atherosclerosis.2018.07.008
https://doi.org/10.1016/j.atherosclerosis.2018.07.008
https://doi.org/10.3389/fncel.2022.845215
https://doi.org/10.1152/ajpcell.00738.2024
https://doi.org/10.1038/nrdp.2015.4
https://doi.org/10.1093/eurheartj/ehaa1044
https://doi.org/10.1093/eurheartj/ehaa1044
https://doi.org/10.1038/s44161-022-00139-0
https://doi.org/10.5114/aoms/157308
https://doi.org/10.1016/j.acra.2021.01.027
https://doi.org/10.1016/j.diii.2024.10.001
https://doi.org/10.1007/s11886-009-0080-2
https://doi.org/10.1007/s12170-013-0290-4
https://doi.org/10.1007/s12170-013-0290-4
https://doi.org/10.1016/j.annepidem.2004.11.006

	Breast arterial calcifications on mammography and risk of stroke: a systematic review and meta-analysis
	Introduction
	Methods
	Search strategy
	Eligibility criteria
	Study selection
	Data extraction
	Risk of bias assessment
	Outcomes
	Data synthesis and statistical analysis

	Results
	Study selection
	Summary of the included studies
	Baseline characteristics of BAC(+) and BAC(−) groups
	Meta-analysis of stroke outcomes
	Publication bias
	Sensitivity and influence analyses
	Quality assessment

	Discussion
	Conclusion

	References

