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Abstract

Breast artery calcification (BAC) obtained from standard mammographic images is cur-

rently under evaluation to stratify risk of major adverse cardiovascular events in women.

Measuring BAC using artificial intelligence (AI) technology, we aimed to determine the

relationship between BAC and coronary artery calcification (CAC) severity with Major

Adverse Cardiac Events (MACE). This retrospective study included women who under-

went chest computed tomography (CT) within one year of mammography. T-test

assessed the associations between MACE and variables of interest (BAC versus MACE,

CAC versus MACE). Risk differences were calculated to capture the difference in

observed risk and reference groups. Chi-square tests and/or Fisher’s exact tests were

performed to assess age and ASCVD risk with MACE and to assess BAC and CAC asso-

ciation with atherosclerotic cardiovascular disease (ASCVD) risk as a secondary out-

come. A logistic regression model was conducted to measure the odds ratio between

explanatory variables (BAC and CAC) and the outcome variables (MACE). Out of the 99

patients included in the analysis, 49 patients (49.49%) were BAC positive, with 37

patients (37.37%) CAC positive, and 26 patients (26.26%) had MACE. One unit increase

in BAC score resulted in a 6% increased odds of having a moderate to high ASCVD risk

>7.5% (p = 0.01) and 2% increased odds of having MACE (p = 0.005). The odds of having

a moderate-high ASCVD risk score in BAC positive patients was higher (OR = 4.27, 95%

CI 1.58–11.56) than CAC positive (OR = 4.05, 95% CI 1.36–12.06) patients. In this study

population, the presence of BAC is associated with MACE and useful in corroborating

ASCVD risk. Our results provide evidence to support the potential utilization of AI gener-

ated BAC measurements from standard of care mammograms in addition to the widely
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adopted ASCVD and CAC scores, to identify and risk-stratify women who are at

increased risk of CVD and may benefit from targeted prevention measures.

Author summary

Breast arterial calcification, commonly seen during routine mammography, has been

shown to be associated with adverse cardiac disease outcomes. Using artificial intelligence

to estimate breast artery calcification, this study indicates the presence of breast artery cal-

cification is significantly associated with Major Adverse Cardiac Events and may be bene-

ficial in determining atherosclerotic cardiovascular disease risk. Artificial intelligence can

be used to measure breast artery calcification in women undergoing routine mammogra-

phy to identify women at increased risk of cardiovascular disease in need of targeted ther-

apies and strategies.

Introduction

Coronary artery disease (CAD) remains the leading cause of mortality in the United States

(US), posing a significant health burden [1,2]. While CAD-related mortality has declined in

men, it has not experienced substantial changes in women [3,4]. As seen in previous studies,

with respect to the annual rate of first myocardial infarction (MI) by gender, men exhibit a sig-

nificantly higher rate across all age groups compared to women [5]. However, a recent study

on more than 45,000 patients hospitalized for a first heart attack found females were 20% more

likely than males to develop heart failure or die within five years after their first heart attack,

and presented at older ages with a greater burden of comorbidities [6]. This discrepancy high-

lights the need to address the under-utilization of early detection and treatment of CAD

among women [7].

Traditional diagnostic tests that primarily focus on identifying CAD prove to be less effec-

tive in women than in men [8]. Consequently, there is a growing body of indirect evidence

suggesting that prognostic risk assessment may serve as a more effective strategy than obstruc-

tive CAD assessment for women [9]. Similarly, more studies confirmed these findings, with

the American Hospital Association (AHA) updating their guidance on assessing females for

CVD risk factors [7].

Recently, a known association has been reported between breast artery calcification (BAC)

and coronary artery calcification (CAC) [10,11], the latter of which has been shown to have an

association with a 10-year atherosclerotic cardiovascular disease (ASCVD) risk [9]. Factors

associated with a higher prevalence of BAC, apart from age, include diabetes mellitus, parity,

chronic kidney disease, and personal history of CAD or risk equivalents [12,13]. CAC serves as

a valuable prognostic tool for initiating lipid lowering therapy. Therefore, understanding the

potential role of incidentally noted arterial calcification on mammography, recognizing the

prognostic value, and appreciating the potential impact of reporting BAC for women’s cardio-

vascular health are essential areas of investigation [10,14].

To aid healthcare practitioners in assessing cardiovascular risks in women, an investiga-

tional (at publication, FDA cleared for BAC detection and localization [15]), artificial intelli-

gence (AI)-based software (cmAngio) was developed to identify BAC on mammograms,

providing a proprietary BAC score, the investigational Bradley Score [16] from routine mam-

mography [17]. This technology, if widely adopted, may create the potential for a novel heart
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health screening program for patients undergoing annual mammography screening tests.

When the cmAngio analysis is added to mammogram interpretation, breast cancer screening

and vascular risk assessment can be performed without an additional visit, examination, or

radiation to the patient [16]. The results could potentially help in early CVD risk assessment.

The present study aims to determine the association between breast and coronary artery calci-

fication and Major Adverse Cardiac Events (MACE).

Study design and methods

Study population

We performed a retrospective review of women aged 40–90 years old who were screened with

full-field digital mammograms (FFDM) and were also referred for a standard non-contrast

chest computed tomography (CT) within one year of receiving a mammogram at Stamford

Hospital, CT, between January of 2013 and July of 2015. Final medical record and obituary

review was conducted in January of 2024. Uncensored observations were included within the

11 years of follow-up as the study protocol was designed as retrospective and not established

for time-to-event analyses. Exclusion criteria included patients with a known history of prior

coronary revascularization, acute coronary syndrome, heart failure and valve replacement,

patients with inadequate image quality due to significant respiratory motion artifacts, and

patients with missing follow-up data. Patients with breast implants or less than 4-view mam-

mograms were excluded.

Ethics statement

Prior to study initiation, approval was received by Stamford Hospital’s Institutional Review

Board (IRB) of record (WCG IRB Work Order #1-1508938-1). Due to the retrospective nature

of the research and anonymity of study data, the study was determined exempt from review by

the IRB of record and therefore, consent was not required.

Description of the Artificial Intelligence (AI) Model

BAC was quantified using a validated, proprietary investigational software (cmAngio, Cure-

Metrix) built on a deep neural AI network. This model was trained on over 20,000 2D full-

field digital mammograms (FFDM) from 13 healthcare facilities across Australia, Brazil, and

the US, using an 80:20 train:tune data split, and a 60:40 BAC absent:BAC present split. The

cmAngio software processes screening mammography images through the deep learning

model to identify regions within the breast with a high probability of containing BAC. These

regions are further analyzed, combining local and global imaging features such as density, con-

trast, and other physical dimensions to assess the presence and severity of BAC. Each of the

four standard images is then assigned a score between 0 and 100, indicating the severity of

BAC, with 0 representing no BAC and 100 representing the highest level of BAC.

To balance the algorithm’s false positive and false negative rates, all image-level scores

below 5 are floored to 0. The overall patient score, known as the BAC Bradley Score, is calcu-

lated as the mean of the threshold-adjusted image-level scores across all four views. BAC pres-

ence is determined if a patient has at least one image with BAC Bradley Score of 5 or higher. A

binary case level output is then produced indicating BAC presence or absence. A previous

study reported study results based on this threshold [18,19].

During development, each case was reviewed by two out of eleven Mammography Quality

Standards Act (MQSA)-certified radiologists. The software demonstrated strong performance

in detecting BAC, with an AUC of 0.98, a sensitivity of 94%, and a specificity of 96%. The
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software has been approved by the FDA for BAC detection and is currently deployed in clinical

settings, including large tertiary hospitals [15].

Data collection

Patient demographic information, including age, ethnicity, all-cause mortality, and body mass

index (BMI), was collected for all patients meeting inclusion criteria from the hospital’s elec-

tronic medical records. CAC was defined as negative when patients were defined as low risk

via Weston score, as previously described [20]. Additional clinical data, such as prior statin

and aspirin prescription were also captured. The presence of comorbidities, such as hyperten-

sion, diabetes mellitus, dyslipidemia, smoking status, and prior CVD were obtained from med-

ical history documentation. Calcium score collection methods has been previously reported

[20]. ASCVD risk scores were calculated using the American Heart Association ASCVD risk

calculator tool. Eleven patients had incalculable risk due to data outside of the allowable

parameters. Patients were considered low risk if their calculated estimated 10-year ASCVD

risk was under 5%, at moderate risk if scoring between 5–20%, and high risk if their results

were over 20% [21]. All data has been made publicly available [22].

Statistical Analysis
All statistical analyses were performed in SAS version 8. Descriptive statistics summarizes

the demographic and clinical characteristics of the study population. The prevalence of BAC

was calculated as the number of patients with arterial calcifications divided by the total number

of patients in the cohort. T-tests were performed to compare the mean Bradley and CAC

scores among MACE (yes/no). Risk differences were calculated to capture the difference in

observed risk of MACE with variables of interest (BAC, CAC and ASCVD risk). Odds Ratios

(ORs) and their corresponding 95% confidence intervals (CI) were also calculated. ASVCD

categories were collapsed to a binary variable; low risk (<7.5% risk) vs moderate—high risk

(7.5%—over 20% risk). Chi-square tests were performed to assess age and ASCVD risk with

MACE. Furthermore, a logistic regression model was conducted to measure the adjusted asso-

ciations between explanatory variables (BAC and CAC) and the outcome variables (MACE)

by significant confounders (age and ASCVD risk). The ORs obtained from the model for each

explanatory variable was reported with the corresponding 95% confidence interval (CI) and

P–value. Lastly, contingency tables with Chi-square tests and/or Fisher’s exact tests were

shown for the association between breast and coronary arterial calcifications with ASCVD risk

score. Missing data were omitted, and available cases were included in the analysis. All analyses

with resulting p-values <0.05 were considered statistically significant.

Results

A total of 99 patients met inclusion criteria and were included in the analysis ranging from 47

years to 80 years (median age of 69). Table 1 shows the overall demographics and clinical char-

acteristics. Out of the total study population, 47% were from the age group 70 and over years

and 68.69% of them were white. Forty-nine (49) patients (49.49%) were BAC positive, and 37

patients (37.37%) were CAC positive. Fifty-nine patients (67.05%) had a moderate-high

ASCVD risk score (7.5% to over 20%), and 26 patients (26.26%) had MACE. Out of the 99

patients, a total of 16 expired during the 11 year follow-up period.

Among patients who had MACE (n = 26), the mean BAC score was significantly higher

(Mean BAC score = 35) compared to those without MACE (Mean BAC score = 15) (p = 0.01)

(Table 2). Similar trend was found for CAC score for patients with MACE vs without MACE

(p = 0.03) (Table 2).
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The risk of MACE in BAC positive patients was 17% higher than BAC negative patients

(95% CI 8%-33%). High risk ASCVD score patients had an 28% increased risk of MACE com-

pared to those with low ASCVD risk score (95% CI 15% - 42%) (Table 3).

Out of the 26 patients who had MACE, 24 (92.31%) were over 60 years (p = 0.04) and 19

(95%) had moderate-high ASCVD risk score (p = 0.002) (Table 4). Age and ASCVD risk score

were used as covariates in regression analysis in next table.

When assessed for the odds of MACE, the Bradley score (indicated as BAC) had 1.02 times

(95% CI 1.01–1.04) and the CAC Score had 1.16 times the odds (95% CI 1.03–1.30). When

Table 2. Comparison of mean BAC and CAC scores among MACE (yes/no). BAC = Breast artery calcification,

CAC = coronary artery calcification, MACE = Major Adverse Cardiac Events.

Variable MACE (Mean (SD)) T-test

P-valueNo (n = 73) Yes (n = 26)
CAC Score 2.05 (3.12) 4.19 (4.55) 0.03

BAC Score 15.14 (25.82) 35.27 (35.29) 0.01

https://doi.org/10.1371/journal.pdig.0000698.t002

Table 1. Overall demographics and clinical characteristics (n = 99). ASCVD = Atherosclerotic Cardiovascular Dis-

ease, BAC = Breast artery calcification, CAC = coronary artery calcification, MACE = Major Adverse Cardiac Events.

*ASCVD risk score was incalculable for 11 patients due to data outside the allowable thresholds.

Variable Category Count (%)

Age 40–49 6 (6.06%)

50–59 16 (16.16%)

60–69 30 (30.30%)

70 and over 47 (47.47%)

Race White 68 (68.69%)

Black/ African American 16 (16.16%)

Hispanic/Latino 12 (12.12%)

Other 3 (3.03%)

BAC Positive 49 (49.49%)

Negative 50 (50.51%)

CAC Positive 37 (37.37%)

Negative 62 (62.63%)

ASCVD risk score * Low risk (<5%) 22 (25.0%)

Borderline risk (5%-7.4%) 7 (7.95%)

Intermediate risk (7.5%-19.9%) 30 (34.09%)

High risk (>20%) 29 (32.95%)

ASCVD risk score* (binary) Low risk (<7.5%) 29 (32.95%)

Moderate–High risk (7.5%—over 20%) 59 (67.05%)

MACE Yes 26 (26.26%)

No 73 (73.74%)

Death Yes 16 (16.16%)

No 83 (83.84%)

Smoking Status Never 57 (57.58%)

Current 38 (38.38%)

Unknown 4 (4.04%)

Diabetes Yes 20 (20.20%)

No 79 (79.80%)

Hypertension Yes 58 (58.58%)

No 41 (41.41%)

https://doi.org/10.1371/journal.pdig.0000698.t001
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adjusted for age and ASCVD risk score, Bradley score (indicated as BAC) had a statistically sig-

nificant effect on MACE with OR = 1.02 (1.0–1.04) however, the odds of CAC score were not

significant (OR = 1.14 (95% CI = 0.99–1.32) (Table 5).

Among those who had a moderate-high ASCVD risk score (n = 59), significant differences

were found in CAC and BAC results. Forty-six percent of moderate-high ASCVD risk score

patients were CAC positive as compared to 54% CAC negative (p = 0.009) (S1 Table). Simi-

larly, 58% of ASCVD moderate-high risk scoring patients had BAC positive compared to 42%

BAC negative (p = 0.003) (S1 Table). Assessing the odds of having a moderate-high ASCVD

risk score, BAC positive patients had higher odds (OR = 4.27, 95% CI 1.58–11.56) than CAC

positive (OR = 4.05, 95% CI 1.36–12.06) (S2 Table). With each unit increase in Bradley score

(shown as BAC), there was 6% increased odds of having a moderate to high ASCVD risk score

(p = 0.01) (S2 Table). The mean BAC score among those who had moderate-high ASCVD risk

score was significantly higher (27.4) than those with low-risk score (3.8) (p =<0.0001)

(S3 Table).

Discussion

To the best of our knowledge, our study is the first to report on the utilization of artificial intel-

ligence to demonstrate a positive correlation between a positive BAC score and MACE. The

presence of BAC in this population was significantly associated with MACE. The BAC

Table 3. Risk value and risk difference of MACE on BAC, CAC and ASCVD risk score (n = 99).

ASCVD = Atherosclerotic Cardiovascular Disease, BAC = Breast artery calcification, CAC = coronary artery calcifica-

tion, CI = Confidence Interval.

Variable Category Risk value (95% CI)

CAC No 0.21 (0.09, 0.33)

Yes 0.30 (0.18,0.42)

CAC Absolute Risk Difference 0.09 (-0.08, 0.26)

BAC No 0.18 (0.7–0.28)

Yes 0.35 (0.21–0.48)

BAC Absolute Risk Difference 0.17 (0.08–0.33)

ASCVD risk score Low risk (<7.5%) 0.03 (0.0,0.10)

Moderate–High risk (7.5%—over 20%) 0.32 (0.20,0.44)

ASCVD risk score Absolute Risk Difference 0.28 (0.15,0.42)

https://doi.org/10.1371/journal.pdig.0000698.t003

Table 4. Chi-square test showing association of age and ASCVD risk score with MACE. Atherosclerotic Cardiovascular Disease, MACE = Major Adverse Cardiac

Events.

Variable Category MACE Chi Square

P-valueNo (n = 73) Yes (n = 26)
Age

<60 years

20 (27.40%) 2 (7.69%) 0.04

60 years and over

53 (72.60%) 24 (92.31%)

ASCVD risk score

Low risk (<7.5%)

28 (41.18%) 1 (5%) 0.002

Moderate–High risk (7.5%—over 20%) 40 (58.82%) 19 (95%)

https://doi.org/10.1371/journal.pdig.0000698.t004
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numbers are closely aligned with the ASCVD data in being significantly associated with

MACE, which already has a well-known association with greater morbidity and mortality [23].

In addition, an increase in BAC score had a statistically significant correlation with the pres-

ence of MACE. In order to align the results with ASCVD risk score as a strong predictor of life-

time risk of cardiovascular events [21], ASCVD risk score was assessed as an outcome. As

expected [24], CAC was found to be significantly associated with all factors in the ACVD data

analysis, with BAC proving to be non-inferior as a predictive modality.

The association of BAC with CAC is shown in multiple studies [11] although there is a

greater probability for a mammogram to be available for most women starting at the age of 40

versus a calcium score from conventional CT coronary angiography. Importantly, this study

emphasizes the importance of considering BAC, as a surrogate marker for ASCVD in risk

assessment for MACE in women patients. If BAC positivity correlates with an increased risk of

MACE, early intervention such as lifestyle modifications and statin medications can be initi-

ated early for primary prevention of cardiovascular events. It is important to recognize some

unique pathophysiology for women including soft plaque rupture, vasoconstriction, microvas-

cular angina, and ischemia with no obstructive coronary arteries [25]. Based on the large vol-

ume of data, it may be more appropriate to consider CT coronary angiography, but not CT

calcium scores in women patients with elevated ASCVD risks in the future [25,26]. Our

research did not focus on the complex social issues such as gender identity.

While primary care can offer important healthcare screenings for women, such as cancer,

diabetes, heart disease and osteoporosis, national trends indicate that primary care visits have

shown a 20% decrease in the past decade, while specialists rates have increased [27–30].

Although women are more likely to report seeing a primary care physician on an annual basis,

they frequently do not see heart specialists [28]. In contrast, almost 40 million women undergo

routine mammography screening in the US annually [31].

The utilization of BAC as a potential marker for CAD and the risk of MACE can have a

potential impact on public health. Our results highlight that the positive BAC and moderate to

high ASCVD risk score correlates strongly with MACE. A recent study reported that physi-

cians, if given the ability to have more information on BAC, preferred to receive this type of

reporting as it could impact patient care [32]. Indeed, traditional cardiac risk scoring and CAC

scores may not be the best gauge of heart disease in women as studies have demonstrated that

women classified as low-risk by Framingham Risk Score demonstrated significant CAC scores

at high percentiles [10]. In the present study, the inclusion of BAC significantly improved the

classifier’s ability to predict CAD when considering risk factors, suggesting BAC contains valu-

able information for CAD prediction that is not captured by age alone. Our findings of CAC

by itself not predicting MACE in women seem to be supported by PROMISE and

SCOT-HEART data that in symptomatic women with non-obstructive CAD, the Agatston cal-

cium score was not independently associated with MACE. These authors also found that age

and the ASCVD risk score were both independently associated with future risk of MACE, but

not CACs [26].

Table 5. Crude and multivariable logistic regression models for the association of BAC and CAC and covariates with MACE (n = 99). ASCVD = Atherosclerotic Car-

diovascular Disease, BAC = Breast artery calcification, CAC = coronary artery calcification, CI = Confidence Interval, MACE = Major Adverse Cardiac Events.

Univariate (crude) Models Multivariate Model adjusted by age and ASCVD risk score

Odds Ratio 95% CI P-value Odds Ratio 95% CI P-value

BAC 1.02 1.01–1.04 0.005 1.02 1.00–1.04 0.002

CAC 1.16 1.03–1.30 0.01 1.14 0.99–1.32 0.06

https://doi.org/10.1371/journal.pdig.0000698.t005
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Limitations

A key limitation is the use of non-gated CT chest to classify CAC and not a gated cardiac CT.

However, our previous results, did attest to the utility of non-gated CT to measure coronary

artery calcification using the Weston method developed by Cleveland Clinic [20]. We are in

the current process of adopting a new AI based algorithm for CAC quantitation in the future.

In addition, a relatively small sample size lends to the inability to fully generalize the results.

Prospective and large studies need to be initiated to study women who undergo routine mam-

mograms without known cardiac risk factors over an extended period to assess long-term out-

comes. The accuracy of AI calculated BAC will need to be verified by more investigators in the

future for accuracy and reproducibility. BAC at the current time remains an investigational

tool, which can potentially augment CV risk prediction in women patients, in addition to the

guideline supported CAC and ASCVD risk score.

Conclusion

Utilizing AI-assisted BAC assessments may offer a novel and noninvasive approach to identify

women at increased risk of cardiovascular disease who could benefit from targeted prevention

strategies.

Supporting information

S1 Table. Association of BAC, CAC with ASCVD risk score (n = 99).

ASCVD = Atherosclerotic Cardiovascular Disease, BAC = Breast artery calcification,

CAC = coronary artery calcification. *Fisher’s exact test.

(DOCX)

S2 Table. Odds Ratios of moderate-high ASCVD risk score (n = 99).

ASCVD = Atherosclerotic Cardiovascular Disease, BAC = Breast artery calcification,

CAC = coronary artery calcification, CI = Confidence Interval, OR = Odds Ratio.

(DOCX)

S3 Table. Mean Score among ASCVD risk score (yes/no) (n = 99).

ASCVD = Atherosclerotic Cardiovascular Disease, BAC = Breast artery calcification,

CAC = coronary artery calcification, SD = Standard Deviation.

(DOCX)

Acknowledgments

We would like to acknowledge Richard Mantey, MS, Junhao Wang, MS, Homa Karimabadi,

PhD, Kevin Harris and Danielle Naaman at CureMetrix for their steadfast support and

encouragement in the writing of this manuscript.

Author Contributions

Conceptualization: Suzanne J. Rose, Josette Hartnett, Zachary J. Estep, Daniyal Ameen,

Shweta Karki, Edward Schuster.

Data curation: Suzanne J. Rose, Josette Hartnett, Zachary J. Estep, Daniyal Ameen.

Formal analysis: Suzanne J. Rose, Josette Hartnett.

Investigation: Suzanne J. Rose, Josette Hartnett, Zachary J. Estep, Daniyal Ameen, Rebecca B.

Newman, David H. Hsi.

PLOS DIGITAL HEALTH AI measured breast artery calcification and major adverse cardiovascular events

PLOS Digital Health | https://doi.org/10.1371/journal.pdig.0000698 December 23, 2024 8 / 10

http://journals.plos.org/digitalhealth/article/asset?unique&id=info:doi/10.1371/journal.pdig.0000698.s001
http://journals.plos.org/digitalhealth/article/asset?unique&id=info:doi/10.1371/journal.pdig.0000698.s002
http://journals.plos.org/digitalhealth/article/asset?unique&id=info:doi/10.1371/journal.pdig.0000698.s003
https://doi.org/10.1371/journal.pdig.0000698


Methodology: Suzanne J. Rose, Josette Hartnett, Shweta Karki, Edward Schuster, Rebecca B.

Newman, David H. Hsi.

Project administration: Suzanne J. Rose, Josette Hartnett, Rebecca B. Newman, David H. Hsi.

Supervision: Rebecca B. Newman, David H. Hsi.

Validation: Suzanne J. Rose, Josette Hartnett.

Writing – original draft: Suzanne J. Rose, Josette Hartnett, Zachary J. Estep, Daniyal Ameen.

Writing – review & editing: Suzanne J. Rose, Josette Hartnett, Shweta Karki, Edward Schus-

ter, Rebecca B. Newman, David H. Hsi.

References
1. CDC. Multiple Cause of Death Data on CDC WONDER. National Center for Health Statistics; 2023.

Available: https://wonder.cdc.gov/mcd.html.

2. Tsao CW, Aday AW, Almarzooq ZI, Anderson CAM, Arora P, Avery CL, et al. Heart Disease and Stroke

Statistics—2023 Update: A Report From the American Heart Association. Circulation. 2023;147.

https://doi.org/10.1161/CIR.0000000000001123 PMID: 36695182

3. Bugiardini R, Ricci B, Cenko E, Vasiljevic Z, Kedev S, Davidovic G, et al. Delayed Care and Mortality

Among Women and Men With Myocardial Infarction. J Am Heart Assoc. 2017; 6: e005968. https://doi.

org/10.1161/JAHA.117.005968 PMID: 28862963

4. CDC. Women and Heart Disease. In: Centers for Disease Control and Prevention [Internet]. 15 May

2023 [cited 11 Jun 2023]. Available: https://www.cdc.gov/heartdisease/women.htm.

5. Greenland P, Blaha MJ, Budoff MJ, Erbel R, Watson KE. Coronary Calcium Score and Cardiovascular

Risk. J Am Coll Cardiol. 2018; 72: 434–447. https://doi.org/10.1016/j.jacc.2018.05.027 PMID:

30025580

6. Ezekowitz JA, Savu A, Welsh RC, McAlister FA, Goodman SG, Kaul P. Is There a Sex Gap in Surviving

an Acute Coronary Syndrome or Subsequent Development of Heart Failure? Circulation. 2020; 142:

2231–2239. https://doi.org/10.1161/CIRCULATIONAHA.120.048015 PMID: 33249922

7. Wenger NK, Lloyd-Jones DM, Elkind MSV, Fonarow GC, Warner JJ, Alger HM, et al. Call to Action for

Cardiovascular Disease in Women: Epidemiology, Awareness, Access, and Delivery of Equitable

Health Care: A Presidential Advisory From the American Heart Association. Circulation. 2022; 145:

e1059–e1071. https://doi.org/10.1161/CIR.0000000000001071 PMID: 35531777

8. Arora S, Stouffer GA, Kucharska-Newton AM, Qamar A, Vaduganathan M, Pandey A, et al. Twenty

Year Trends and Sex Differences in Young Adults Hospitalized With Acute Myocardial Infarction. Circu-

lation. 2019; 139: 1047–1056. https://doi.org/10.1161/CIRCULATIONAHA.118.037137 PMID:

30586725

9. Gennarelli M, Jedynak A, Forman L, Wold E, Newman RB, Dhand A, et al. The potential impact of mam-

mographic breast arterial calcification on physician practices in a primary care setting. Future Cardiol-

ogy. 2021; 17: 1241–1248. https://doi.org/10.2217/fca-2020-0180 PMID: 33433235

10. Bui QM, Daniels LB. A Review of the Role of Breast Arterial Calcification for Cardiovascular Risk Stratifi-

cation in Women. Circulation. 2019; 139: 1094–1101. https://doi.org/10.1161/CIRCULATIONAHA.118.

038092 PMID: 30779650

11. Lee SC, Phillips M, Bellinge J, Stone J, Wylie E, Schultz C. Is breast arterial calcification associated

with coronary artery disease?—A systematic review and meta-analysis. PLOS ONE. 2020; 15:

e0236598. https://doi.org/10.1371/journal.pone.0236598 PMID: 32722699

12. Hendriks EJE, de Jong PA, van der Graaf Y, Mali WPTM, van der Schouw YT, Beulens JWJ. Breast

arterial calcifications: a systematic review and meta-analysis of their determinants and their association

with cardiovascular events. Atherosclerosis. 2015; 239: 11–20. https://doi.org/10.1016/j.

atherosclerosis.2014.12.035 PMID: 25568948

13. Allen TS, Bui QM, Sykes AV, Belrose N, Nerlekar N, Mantey R, et al. Abstract 11669: Quantitative and

Automated Breast Arterial Calcification Score is Associated With Traditional Cardiovascular Risk Fac-

tors. Circulation. 2022; 146: A11669–A11669. https://doi.org/10.1161/circ.146.suppl_1.11669

14. Kelly BS, ScanlON E, Heneghan H, Redmond CE, Healy GM, Mc Dermott E, et al. Breast Arterial Calci-

fication on screening mammography can predict significant Coronary Artery Disease in women. Clinical

Imaging. 2018; 49: 48–53. https://doi.org/10.1016/j.clinimag.2017.10.021 PMID: 29127877

PLOS DIGITAL HEALTH AI measured breast artery calcification and major adverse cardiovascular events

PLOS Digital Health | https://doi.org/10.1371/journal.pdig.0000698 December 23, 2024 9 / 10

https://wonder.cdc.gov/mcd.html
https://doi.org/10.1161/CIR.0000000000001123
http://www.ncbi.nlm.nih.gov/pubmed/36695182
https://doi.org/10.1161/JAHA.117.005968
https://doi.org/10.1161/JAHA.117.005968
http://www.ncbi.nlm.nih.gov/pubmed/28862963
https://www.cdc.gov/heartdisease/women.htm
https://doi.org/10.1016/j.jacc.2018.05.027
http://www.ncbi.nlm.nih.gov/pubmed/30025580
https://doi.org/10.1161/CIRCULATIONAHA.120.048015
http://www.ncbi.nlm.nih.gov/pubmed/33249922
https://doi.org/10.1161/CIR.0000000000001071
http://www.ncbi.nlm.nih.gov/pubmed/35531777
https://doi.org/10.1161/CIRCULATIONAHA.118.037137
http://www.ncbi.nlm.nih.gov/pubmed/30586725
https://doi.org/10.2217/fca-2020-0180
http://www.ncbi.nlm.nih.gov/pubmed/33433235
https://doi.org/10.1161/CIRCULATIONAHA.118.038092
https://doi.org/10.1161/CIRCULATIONAHA.118.038092
http://www.ncbi.nlm.nih.gov/pubmed/30779650
https://doi.org/10.1371/journal.pone.0236598
http://www.ncbi.nlm.nih.gov/pubmed/32722699
https://doi.org/10.1016/j.atherosclerosis.2014.12.035
https://doi.org/10.1016/j.atherosclerosis.2014.12.035
http://www.ncbi.nlm.nih.gov/pubmed/25568948
https://doi.org/10.1161/circ.146.suppl%5F1.11669
https://doi.org/10.1016/j.clinimag.2017.10.021
http://www.ncbi.nlm.nih.gov/pubmed/29127877
https://doi.org/10.1371/journal.pdig.0000698


15. 510(k) Premarket Notification. [cited 29 Apr 2024]. Available: https://www.accessdata.fda.gov/scripts/

cdrh/cfdocs/cfpmn/pmn.cfm?ID=K232367.

16. Bui QM, Toomu A, Anzenberg P, Liu E, Marsal J, Getz T, et al. Abstract 15384: Association of Breast

Arterial Calcification With Coronary Artery Calcification in Younger versus Older Women. Circulation.

2018; 138: A15384–A15384. https://doi.org/10.1161/circ.138.suppl_1.15384

17. cmAngio®. In: CureMetrix [Internet]. [cited 21 Jul 2023]. Available: https://curemetrix.com/cmangio/

18. AI flags breast arterial calcification on mammography. In: AuntMinnie [Internet]. 22 May 2022 [cited 27

Aug 2024]. Available: https://www.auntminnie.com/clinical-news/womens-imaging/breast/article/

15631053/ai-flags-breast-arterial-calcification-on-mammography.

19. Browse by Speaker. [cited 27 Aug 2024]. Available: https://www.eventscribe.net/2022/SBIACR2022/

speakers.asp?pfp=BrowsebySpeaker.

20. Chen L, Vavrenyuk A, Ren JH, Desai P, Bahgat J, Bernstein MA, et al. Prognostic Value of Coronary

Artery Calcification Identified by the Semi-quantitative Weston Method in the Emergency Room or

Other Hospitalized Patients. Frontiers in Cardiovascular Medicine. 2021; 8. Available: https://www.

frontiersin.org/articles/10.3389/fcvm.2021.684292. https://doi.org/10.3389/fcvm.2021.684292 PMID:

34222379

21. 2018 Prevention Guidelines Tool CV Risk Calculator. [cited 21 Jul 2023]. Available: https://static.heart.

org/riskcalc/app/index.html#!/baseline-risk.

22. Rose Suzanne. BAC Paper_Deidentified_Figshare.xlsx. 2024. https://doi.org/10.6084/m9.figshare.

26852719.v1

23. Grundy SM, Stone NJ, Bailey AL, Beam C, Birtcher KK, Blumenthal RS, et al. 2018 AHA/ACC/

AACVPR/AAPA/ABC/ACPM/ADA/AGS/ APhA/ASPC/NLA/PCNA Guideline on the Management of

Blood Cholesterol: Executive Summary. Circulation. 2019; 139: e1082–e1143. https://doi.org/10.1161/

CIR.0000000000000625 PMID: 30586774

24. Wong ND. Evolution of Coronary Calcium Screening for Assessment of Atherosclerotic Cardiovascular

Disease Risk and Role in Preventive Cardiology. Curr Atheroscler Rep. 2022; 24: 949–957. https://doi.

org/10.1007/s11883-022-01073-z PMID: 36374366

25. Reynolds HR, Bairey Merz CN, Berry C, Samuel R, Saw J, Smilowitz NR, et al. Coronary Arterial Func-

tion and Disease in Women With No Obstructive Coronary Arteries. Circ Res. 2022; 130: 529–551.

https://doi.org/10.1161/CIRCRESAHA.121.319892 PMID: 35175840

26. Mansour M, Radaideh Q, Alaiwah MN, Alnimer Y, Devabhaktuni SR, Dhar G, et al. Major adverse car-

diac events in symptomatic women with non-obstructive CAD on coronary CTA: pooled analysis from

PROMISE and SCOT-HEART. Int J Cardiovasc Imaging. 2022; 38: 683–693. https://doi.org/10.1007/

s10554-021-02429-3 PMID: 34628593

27. Ganguli I, Lee TH, Mehrotra A. Evidence and Implications Behind a National Decline in Primary Care

Visits. J GEN INTERN MED. 2019; 34: 2260–2263. https://doi.org/10.1007/s11606-019-05104-5

PMID: 31243711

28. Rao A, Shi Z, Ray KN, Mehrotra A, Ganguli I. National Trends in Primary Care Visit Use and Practice

Capabilities, 2008–2015. Ann Fam Med. 2019; 17: 538–544. https://doi.org/10.1370/afm.2474 PMID:

31712292

29. Johansen ME, Richardson CR. The Ecology of Medical Care Before and After the Affordable Care Act:

Trends From 2002 to 2016. Ann Fam Med. 2019; 17: 526–537. https://doi.org/10.1370/afm.2462 PMID:

31712291

30. Ganguli I, Shi Z, Orav EJ, Rao A, Ray KN, Mehrotra A. Declining Use of Primary Care Among Commer-

cially Insured Adults in the United States, 2008–2016. Ann Intern Med. 2020; 172: 240. https://doi.org/

10.7326/M19-1834 PMID: 32016285

31. Health C for D and R. MQSA National Statistics. FDA. 2023 [cited 15 Aug 2023]. Available: https://

www.fda.gov/radiation-emitting-products/mqsa-insights/mqsa-national-statistics

32. Zaki-Metias KM, MacLean JJ, Mergo PA, Ogunde B, Al-Hameed M, Trivax CZ. Breast Arterial Calcifica-

tions: Reporting Preferences and Impact on Screening for Coronary Artery Disease. Journal of Breast

Imaging. 2021; 3: 687–693. https://doi.org/10.1093/jbi/wbab076 PMID: 38424930

PLOS DIGITAL HEALTH AI measured breast artery calcification and major adverse cardiovascular events

PLOS Digital Health | https://doi.org/10.1371/journal.pdig.0000698 December 23, 2024 10 / 10

https://www.accessdata.fda.gov/scripts/cdrh/cfdocs/cfpmn/pmn.cfm?ID=K232367
https://www.accessdata.fda.gov/scripts/cdrh/cfdocs/cfpmn/pmn.cfm?ID=K232367
https://doi.org/10.1161/circ.138.suppl%5F1.15384
https://curemetrix.com/cmangio/
https://www.auntminnie.com/clinical-news/womens-imaging/breast/article/15631053/ai-flags-breast-arterial-calcification-on-mammography
https://www.auntminnie.com/clinical-news/womens-imaging/breast/article/15631053/ai-flags-breast-arterial-calcification-on-mammography
https://www.eventscribe.net/2022/SBIACR2022/speakers.asp?pfp=BrowsebySpeaker
https://www.eventscribe.net/2022/SBIACR2022/speakers.asp?pfp=BrowsebySpeaker
https://www.frontiersin.org/articles/10.3389/fcvm.2021.684292
https://www.frontiersin.org/articles/10.3389/fcvm.2021.684292
https://doi.org/10.3389/fcvm.2021.684292
http://www.ncbi.nlm.nih.gov/pubmed/34222379
https://static.heart.org/riskcalc/app/index.html#!/baseline-risk
https://static.heart.org/riskcalc/app/index.html#!/baseline-risk
https://doi.org/10.6084/m9.figshare.26852719.v1
https://doi.org/10.6084/m9.figshare.26852719.v1
https://doi.org/10.1161/CIR.0000000000000625
https://doi.org/10.1161/CIR.0000000000000625
http://www.ncbi.nlm.nih.gov/pubmed/30586774
https://doi.org/10.1007/s11883-022-01073-z
https://doi.org/10.1007/s11883-022-01073-z
http://www.ncbi.nlm.nih.gov/pubmed/36374366
https://doi.org/10.1161/CIRCRESAHA.121.319892
http://www.ncbi.nlm.nih.gov/pubmed/35175840
https://doi.org/10.1007/s10554-021-02429-3
https://doi.org/10.1007/s10554-021-02429-3
http://www.ncbi.nlm.nih.gov/pubmed/34628593
https://doi.org/10.1007/s11606-019-05104-5
http://www.ncbi.nlm.nih.gov/pubmed/31243711
https://doi.org/10.1370/afm.2474
http://www.ncbi.nlm.nih.gov/pubmed/31712292
https://doi.org/10.1370/afm.2462
http://www.ncbi.nlm.nih.gov/pubmed/31712291
https://doi.org/10.7326/M19-1834
https://doi.org/10.7326/M19-1834
http://www.ncbi.nlm.nih.gov/pubmed/32016285
https://www.fda.gov/radiation-emitting-products/mqsa-insights/mqsa-national-statistics
https://www.fda.gov/radiation-emitting-products/mqsa-insights/mqsa-national-statistics
https://doi.org/10.1093/jbi/wbab076
http://www.ncbi.nlm.nih.gov/pubmed/38424930
https://doi.org/10.1371/journal.pdig.0000698

