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ABSTRACT 

  

 In the published literature, coronary artery calcium (CAC) score is a well-

documented independent predictor of incident coronary heart disease (CHD) events, 

including myocardial infarction, death related to cardiovascular disease, and cardiac 

arrest.22  In addition to the progression of disease in the coronary arteries, CAC has also 

been associated with the progression of atherosclerotic disease in the cerebrovascular 

system and has been shown to predict the presence of significant/overt carotid stenosis in 

an asymptomatic cohort.11  Despite the relationship between carotid stenosis and risk of 

future stroke, the prognostic value of CAC to predict incident stroke remains unclear.  

The MESA cohort provides a unique opportunity to study the association between CAC 

and the risk of incident stroke as the cohort contains over 6800 participants with no 

known coronary or cerebrovascular disease. The participants have been followed for over 

10 years and a wide range of data has been collected including demographics, assessment 

of cardiovascular risk factors, and adjudication for various clinical outcomes.  Using the 

available MESA participant risk factor and outcome data, the purpose of this thesis is to 

examine the relationship between CAC score and the risk of incident stroke in a multi-

ethnic population free of cerebrovascular disease. 

!vii



Chapter 1: Coronary Artery Calcium, a Surrogate for Subclinical Disease 

INTRODUCTION  

 Cerebrovascular disease and its clinical consequences remain a leading cause of 

morbidity and mortality around the world.  Currently cerebrovascular disease is the 4th 

leading cause of death in the United States. According to the Heart Disease and Stroke 

Statistics 2011 Update, each year approximately 800,000 people in the United States 

experience a stroke. In addition, more than 600,000 of these people are experiencing their 

first cerebrovascular event.17 The impact of cerebrovascular disease was recently 

highlighted by a member of the American Heart Association 2013 Guidelines writing 

group who made the following statement, “Cardiovascular disease caused by 

atherosclerosis remains the number one cause of death, a major cause of disability and a 

huge source of health care costs. We must do a better job of preventing it. By including 

stroke in our new algorithm, we can better calculate overall cardiovascular risk, 

especially in women and African-Americans.” 

 There has been a significant decline in both coronary heart disease deaths as well 

as strokes in the United States since the 1970s which can be attributed to the decline in 

traditional CHD risk factors including improvement in cholesterol, blood pressure, 

smoking, and physical activity.44  While the time to first CHD event has decreased across 

age groups, approximately 10% of all strokes occur in people ages 18 to 50 years old.43 

The rate of stroke death has declined in this age group, however unfortunately the rate of 

decline has been less substantial than the rate in older age groups. 
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 An attempt to decrease the stroke rate across all age groups is easily dependent 

upon being able to identify people at highest risk of disease. Decades of cardiovascular 

disease research has identified conventional risk factors such as hypertension, diabetes 

and smoking. Moving beyond the established risk factors, researchers have turned their 

attention to identifying surrogate markers that are able to detect subclinical disease early 

enough to allow preventative strategies to reverse or delay the onset of disease. Over the 

last 10 years, CAC has become a well-established, non-invasive measure of subclinical 

atherosclerotic disease and has been proven to reliably predict future coronary heart 

disease events such as angina and myocardial infarct.18   CAC may also have the ability 

to predict events due to other forms of atherosclerotic disease such as stroke. 

Atherosclerosis is a systemic process linked to substantial pathology in both the 

heart and the brain. During the progressive stages of atherosclerotic plaque formation, the 

lipid rich layer developing in the arterial wall experiences multiple internal disruptions 

and replacement by thrombi. One of the subsequent pathways in plaque formation 

involves the addition of a subintimal layer of coronary calcification which either replaces 

or is added to a lipid core.19  

 For many years CAC was felt to be a benign process of little clinical 

consequence, however studies over the last decade have confirmed that coronary artery 

medial calcification is associated with arterial stiffness. Stiffness of the arterial wall has 

long been known to significantly increase the risk of adverse cardiovascular events.42  

 The extent of calcium in the coronary artery bed is directly proportional to the 

degree of atherosclerosis and has been shown to correlate strongly with future cardiac 
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events. Calcification due to atherosclerotic disease occurs mostly in the intimal layer of 

the arterial wall and is linked to advanced age, diabetes, dyslipidemia, hypertension, male 

gender, smoking and renal disease.40 Conversely, calcification of the media is a result of 

reduced glomerular filtration rate, electrolyte disturbances such as hypercalcemia and 

hyperphosphatemia and the duration of dialysis.41  

 The calcified plaque can be detected by noninvasive imaging such as a computed 

tomography (CT) scan.  Radiologists utilize a cardiac-gated, non-contrast CT scan to 

identify discrete calcific foci located throughout the coronary artery bed and calculate a 

calcium score in terms of volume of calcium (mm3), area-density of calcium (Agatston 

units) or calibrated mass of calcium (gm)23. The imaging report provides a total CAC 

score as well as a CAC score percentile which is based on a nomogram comparing an 

individual’s CAC score to others of the same age and gender.  The CAC score has been 

shown to have good inter-observer reproducibility, especially at higher CAC values.24  

Proponents of cardiac CT imaging believe the exam offers valuable information with 

relatively low risk to the patient compared to other more invasive cardiac testing 

techniques such as coronary angiography. In addition, cardiac CT scans do not require 

intravenous contrast and are performed with near negligible radiation exposure to the 

patient (1 mSv).   

 The ideal surrogate marker would establish the presence of subclinical disease 

prior to a clinical event. In the published literature, CAC score is a well-documented 

independent predictor of incident CHD events, including myocardial infarction, death 

related to cardiovascular disease, and cardiac arrest22  In addition to the progression of 
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disease in the coronary arteries, CAC has also been associated with the progression of 

atherosclerotic disease in the cerebrovascular system, and is able to predict the presence 

of significant/overt carotid stenosis in previous cohort studies.11  Finally, the presence of 

CAC has been linked to an increased risk of ischemic stroke.14  Despite the relationship 

between severe carotid stenosis and the risk of future stroke, models utilizing CAC to 

predict incident stroke have been limited in significance and remain inconclusive. 

  

PREDICTION MODELS TO ESTIMATE RISK OF DISEASE 

Disease prediction models are a useful tool that aid both physicians and patients 

in making informed clinical decisions based upon the predicted risk for development of a 

disease. A disease prediction model is an analytic framework, typically a statistical 

regression model, which uses a person’s individual characteristics and relates these 

characteristics to the development of a specific disease. Typically a number of risk factors 

known to be associated with the disease are included in a model and a risk score is 

calculated based on these risk factors. A higher risk score is interpreted as being at higher 

risk for developing disease compared to other people in the population being studied who 

have a lower risk score. In clinical use, risk scores are often used to classify individuals 

into groups according to level of risk, i.e. low, intermediate or high risk for development 

of disease.30 

A successful prediction model accurately differentiates between people at risk and 

those who are not at risk for disease, and can provide guidance regarding potential 

screening and preventative therapies.25 
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A risk prediction model must be validated prior to being used in clinical decision 

making. According to Altman and colleagues, a validated test must be both calibrated and 

able to discriminate between those who will development disease in the future and those 

who will not develop disease.27  Calibration is defined as a model’s ability to accurately 

predict risk among a group of individuals. If a prediction model is well calibrated, the 

mean predicted risk among individuals of a group should be equal to the observed 

cumulative incidence of disease in the group.28 Discrimination on the other hand, is a 

prediction model’s ability to accurately differentiate individuals who will develop disease 

from those who will not.29  Sensitivity and specificity are two terms used to quantify 

discrimination.  A prediction model is sensitive if it estimates high risk in individuals who 

develop disease, and conversely a model is specific if it assigns low risk to individuals 

who will not develop disease.   

The relationship between sensitivity and specificity can be visualized using a 

graph coined the Receiver Operating Characteristic (ROC) curve. The ROC curve is a 

plot of sensitivity versus 1 - specificity for a model constructed to predict disease above a 

specified threshold of risk.  The area under the ROC curve, termed the c-statistic, 

represents a model’s ability to accurately distinguish between individuals who will and 

will not develop disease.47  A model with perfect discrimination will have a c-statistic 

approximating 1.30  Furthermore, the ROC curve transforms the accuracy of a prediction 

model into a relevant scale based on its performance which can then be utilized to make 

meaningful comparisons with other prediction models.47  
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Until recently, change in the c-statistic was the most common method used to 

quantify improvement in the accuracy of a prediction model after the addition of a new 

variable. Over the last ten years, researchers have begun to question whether clinically 

relevant changes in risk prediction models were being rejected due to an insignificant 

change in the c-statistic. For example, if the addition of a new risk factor to an existing 

disease prediction model took an individual from intermediate to high risk for disease, the 

clinical implication of this change in risk would result in more aggressive primary disease 

prevention measures. Unfortunately, if the c-statistic did not identify a significant change 

in the prediction model, high risk individuals inaccurately identified as intermediate risk 

would be less likely to receive targeted preventative therapies.  

Cook and colleagues were one of the first groups to recognize the c-statistic was 

an insensitive measurement of improvement in model accuracy and introduced the 

reclassification method as a more relevant way to quantify improvement in risk 

prediction.31 In the results reported by Cook, et al., a predicted risk was termed 

“reclassified” if the risk categories were different between the new and old models. The 

group calculated the observed event rates for the people reclassified and called the 

reclassification more accurate if the observed rate was in the new model’s risk category.32 

In 2008, Pencina, et al. took this concept a step further by measuring the degree of 

discrimination afforded by the addition of a new risk factor to an old model.33 These 

writers suggested that when comparing diseased versus non diseased people, a “correct 

reclassification” would include people who moved up a risk category using the new 
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model and developed disease as well as people who moved down a risk category that did 

not develop disease.  

At this time there is no general consensus on the most reliable way to compare 

prediction models. Questions regarding potential flaws in reclassification also exist and 

there are concerns that methods used to quantify improvement after reclassification may 

actually lead to uninformative variables being deemed predictive. Some researchers have 

argued that reclassification of risk for each person does not necessarily translate into 

improved risk prediction for a population. In addition, statistical methods for validating 

significance have not been clearly defined.48  

CORONARY ARTERY CALCIUM IN PREDICTION MODELS 

Coronary Artery Calcium has been widely studied and several investigators have 

confirmed its utility as a noninvasive tool for assessing a person’s risk for future CHD 

events.  Raggi, et al. published one of the largest assessments estimating the risk of all-

cause mortality associated with CAC using data collected from 35,388 asymptomatic 

patients.16 Study participants included 3,570 older than 70 years at initial screening and 

50% of the participants were women. Participants were referred from their primary care 

physicians for a CAC screening exam and any patients with known or suspected coronary 

disease were excluded from the study. CAC score was assessed using the Agatston 

method and expressed in Cox models as a categorical variable (CAC score 0-10, 11-100, 

101-399, 400-999, or  ≥1,000). After a mean follow-up time of 5.8 ± 3 years, the 

investigators found that the cumulative survival for CAC subsets varied by age however 
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increased CAC score was associated with decreased survival across all age groups (p < 

0.0001).  Cumulative unadjusted survival for <40-year-old and ≥80-year-old men with a 

CAC score ≥400 was 88% and 19% respectively. Women with a CAC score ≥400 also 

had a significant, but less dramatic decrease in survival (95% for women <40-years, 44% 

for women ≥80-years, p < 0.0001). Among the 20,562 patients with CAC score 0-10, 

annual mortality rates ranged from 0.3% to 2.2% for the youngest patients ages 40 to 49 

years or the oldest patients  ≥70 years, respectively (p < 0.0001).   

In addition to studying the association between CAC and cardiovascular disease 

mortality, investigators of several large cohorts have also studied whether CAC adds 

diagnostic benefit beyond traditional CHD risk factors.4,5 The ideal method to best 

quantify the improvement in risk prediction models after the addition of a new variable is 

a focus of ongoing research efforts. Net Reclassification Index (NRI) is one proposed 

method to quantify the incremental improvement in prognostic value when CAC is added 

to traditional CHD risk factors. Table 1 reports net reclassification findings from several 

large cohorts after CAC, carotid IMT, and CRP were added independently to a model 

predicting stroke using traditional risk factors.  

Table 1. Net Reclassification of stroke model using novel risk factors    

NRI = Net Reclassification Index, HNR = Heinz Nixdorf Recall, FHS = Framingham Heart     
Study, ARIC = Atherosclerosis Risk in Communities, ERC = Emerging Risk Factors    

   Collaboration, WHS = Women’s Health Study 
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NRI NRI 
 (Intermediate Risk)

∆ C 
statistic

Study

CAC 14-25% 31-55% + HNR, 
Rotterdam,MESA

Carotid IMT 7.6-9.9% 21% + FHS, ARIC

CRP 1.5-5.7% 15% -/+ ERC, WHS



Table 2 presents the improved Net Reclassification Index (NRI), specifically for 

participants in the intermediate risk group, after CAC was added to the traditional CHD 

risk model in the MESA, Heinz Nixdorf Recall (HNR) and Rotterdam cohorts. 13,15,20 

Table 2. Net Reclassification after addition of CAC to traditional risk factors       

 NRI = Net Reclassification Index, HNR = Heinz Nixdorf Recall 
 *Hazard ratio for incident CHD event adjusted for all CHD risk factors for CAC ≥ 400 vs. 0 

The current literature contains limited analysis describing the association between 

CAC score and risk of future cerebrovascular event in the general population. In 2002, 

investigators of the retrospective population-based Rotterdam Coronary Calcification 

Study reported that when participants with the lowest calcium score (0-100) were 

compared to participants with a calcium score of 101-500, after adjusting for age, 

individuals in the higher score category were twice as likely to have experienced a stroke 

(OR 2.1, 95% CI 0.9-4.7).20 After adjusting for age and gender, participants with a 

calcium score above 500 were 3.3 times more likely to have a stroke than those 

individuals in the lowest score category (95% CI 1.5-7.2, p=0.001). 

Folsom, et al. published the results of a multivariable model that included CAC 

score, carotid IMT, age, race and sex on incident cardiovascular disease (CVD) and 

incident stroke in the MESA cohort.6  The study reported that a 1 SD increase in [ln(CAC 
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Adjusted HR 
CAC ≥ 400* NRI NRI  

(Intermediate Risk)
∆ c 

statistic

MESA (n=6814) 9.7 25% 55% .77 ! .81

HNR (n=4129) 6.0 24% 31% +

Rotterdam (n=2028) 4.6 14% 52% .72 ! .76



+1)] was associated with a Hazard Ratio (HR) of 2.1 for CVD incidence (p < 0.05). In 

contrast, the HR for incident stroke in this same population was not statistically 

significant; however, the data did suggest a trend towards an association between CAC 

and risk of stroke (HR 1.1,  p= 0.41) (Table 3). Notably, the investigators acknowledged 

the significant limitation that only 59 adjudicated strokes occurred over a follow-up of 

3.9 years.  

Table 3. Incident Stroke in Relation to 1-SD Increment (+/-2.5) of CAC6  

 § Model 1 – Hazard Ratio (HR) risk is adjusted for age, race and sex  
 §§ Model 2 – Hazard Ratio (HR) risk is adjusted for age, sex, race/ethnicity, smoking, total   
                cholesterol, HDL, hypertension, diabetes, and statin medication  

 One of the few studies designed specifically to evaluate the ability of CAC to 

predict stroke was published by Hermann, et al., who followed a German population 

cohort of individuals ages 45 to 75 years old. After 7.9±1.6 years of follow-up, they 

concluded that patients who experienced a stroke after enrollment had significantly 

higher CAC scores compared to participants who did not experience a stroke (median 

104 vs. 11.2, p<0.001).10 In a multivariable Cox regression model, CAC was found to be 

independently associated with stroke after adjusting for traditional risk factors including 

age, blood pressure, and smoking. The German cohort was composed of a very 
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Model 1§ Model 2§§

N Events HR 95% CI HR 95% CI

CAC score 
[ln(CAC+1)] 6698 59 1.1 0.8-1.5 1.1 0.8-1.4

p value (a=0.05) 0.4 0.7



homogeneous population, therefor it is unclear if the predictive ability of CAC translates 

to diverse, multi-ethnic populations, such as those found  in the United States.  

CORONARY ARTERY CALCIUM AND STROKE 

 The difficulty in identifying patients at risk for stroke may be in part due to the 

heterogeneity of stroke. In general, the term stroke includes two broad categories of 

cerebrovascular injury; ischemia resulting from occlusion or reduced flow in the arteries 

supplying the brain, or hemorrhage which is a manifestation of arterial leakage or 

rupture.  Furthermore, strokes can be grouped according to pathophysiology including 

embolism, thrombosis, decreased perfusion, leakage or rupture.27 While many stroke risk 

factors such as gender and hypertension are true regardless of stroke type, other risk 

factors which may be inherently related to the pathology leading to the stroke have not 

been generalizable across all stroke subtypes. For example, smoking and heavy alcohol 

use are more strongly correlated with the risk of hemorrhagic stroke.45 In comparison, 

validated risk factors for atherosclerotic cardiovascular disease, specifically diabetes and 

atrial fibrillation, appear to be more strongly associated with the risk of ischemic stroke.46 

Due to the inconsistency of stroke risk factors, the potential exists for a statistically 

significant association to be overlooked if all stroke events are combined into a single 

disease outcome when  formulating disease prediction models.  

 One of the few stroke prediction models available is the widely used and 

validated Framingham Stroke Risk Score (FSR) score.  The FSR score is composed of 

data initially collected in the 1960s from participants enrolled in the Framingham cohort 
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who were ages 55-84 years and free of cardiovascular disease during the baseline exam. 

The cohort participants were followed closely for 10 years and several cardiovascular 

disease risk factors and incident events were recorded over time.22 The investigators 

utilized several risk factors to compute stroke probabilities using Cox proportional 

hazards models stratified by gender.   Figure 1 illustrates the individual risk factors along 

with their associated relative risk. These risk factors are combined to estimate a person’s 

10 year risk of having a stroke compared to the average risk of stroke for a person of the 

same age and sex. The FSR score has been validated in several large population studies 

across the United States as well as Europe.26 

Figure 1. Components of the Framingham Stroke Risk Score 

 Source: Wolf 1991; Each relative risk is adjusted for effects of other risk factors. 
 *Relative risk for age and systolic blood pressure are given for 10-unit changes; all other variables are dichotomous (1 if   
 yes and 0 if no). All variables are significant at p<0.05. 
 § Because blood pressure x therapy interaction is significant for women, relative risks here depend on levels of blood  
 pressure and are not summarized as a single value. 
 §§ Cardiovascular disease includes a diagnosis or prior history of coronary heart disease, cardiac failure, or intermittent  
 claudication. 
 §§§ Left ventricular hypertrophy determined by electrocardiogram  
  

 Although the FSR score  provides valuable information, its ability to discriminate 

between stroke and non stroke events remains low, especially in ethnic minority 

populations.47  Some authors have proposed that a change in the prevalence of important 
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Risk Factor Men Relative Risk* Women Relative Risk*
Age 1.66 1.93

Systolic Blood Pressure 1.91 1.68

Antihypertensive therapy 1.39 §

Diabetes mellitus 1.40 1.72
Cigarette Smoking 1.67 1.70

Cardiovascular disease§§ 1.68 1.54

Atrial fibrillation 1.83 3.16
Left ventricular hypertrophy§§§ 2.32 2.34



stroke risk factors over the last few decades has led to the FSR score  being less accurate. 

In addition, others have proposed that successful implementation of targeted strategies 

aimed at reducing the impact of FSR score  identified risk factors have resulted in a 

reduction in the incidence of stroke. Current areas of research include focus to improve 

current prediction models and specifically to identify novel risk factors in order better 

predict individuals at greatest risk for incident stroke. 
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Chapter 2:  Coronary Artery Calcium and Incident Cerebrovascular Events 
in an Asymptomatic Cohort. The MESA Study 
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Chapter 3:  Does Gender Modify the Relationship between Coronary Artery 
Calcium and incident Cerebrovascular Events 

  

ABSTRACT 

 OBJECTIVE: The purpose of this study is to assess whether gender modifies the 

association between coronary artery calcium (CAC) score and ischemic stroke in an 

asymptomatic multiethnic cohort.  

 BACKGROUND: CAC is a well established marker of subclinical 

atherosclerosis, and an independent predictor of future coronary heart disease (CHD) 

events including myocardial infarct, as well as cerebrovascular disease (CVD) events 

such as stroke.  CAC score ≥300 Agatston units has been identified by the American 

College of Cardiology (ACC) and American Heart Association (AHA) as a useful tool to 

aid in the determination of cardiovascular risk, specifically in patients whom have been 

identified as “intermediate risk” using traditional risk factors. CAC score ≥300 has also 

been shown to discriminate between women at increased risk of CVD events despite 

being classified as “low risk” by conventional risk prediction models. However, it is 

unclear if the association between CAC score and incident stroke is modified by gender. 

 METHODS: CAC was measured during the baseline exam for participants in the 

Multi-Ethnic Study of Atherosclerosis (MESA) cohort (N= 6,814). MESA participants 

were followed for an average of 9.5 +/- 2.4 years and incident stroke was adjudicated by 

a MESA committee. Cox proportional hazards analyses were used to model CAC along 

with gender and a two-way interaction with gender to determine if CAC had differential 
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effects within the two gender groups and/or an overall effect on incident stroke after 

adjusting for gender. CAC was introduced into the models as a binary variable (present/

absent) and (<300/≥300), and as a continuous variable. Likelihood ratio tests were 

utilized to test for model fit, and Wald chi-squared tests were used to test the statistical 

significance  of all covariates and interaction terms.  

 RESULTS: During follow-up, 143 (2%) adjudicated ischemic strokes occurred. 

Across both genders, participants who experienced an incident stroke were more likely to 

have CAC present compared to participants who did not experience an incident stroke 

(women 64% vs 39% and men 82% vs 61%, p<0.001). The presence of CAC was a 

significant predictor of incident stroke in both women (HR: 3.3 [95% CI: 2.0 to 5.4], p<.

0001) and men (HR:3.4 [95% CI 1.9 to 6.2], p<.0001), however the risk associated with 

CAC attenuated after adjustment for Framingham Stroke Risk (FSR) score. Unlike CAC 

present/absent, after adjustment for FSR score, CAC score ≥300 was associated with an 

increased risk of incident stroke in both women (HR: 1.8 [95% CI: 1.0 to 3.3], p=0.0452) 

and men (HR: 1.6 [95% CI: 1.0 to 2.6], p=0.0452). [The interaction term describing the 

relationship between CAC score ≥300 and gender trended towards significance 

(p=0.0994) suggesting that males have a lower relative  risk compared to females with 

CAC score ≥300]. When modeled as a continuous variable, a 100 Agatson unit increase 

in CAC score was associated with a 20% increase in the adjusted hazard rate (HR 1.2 

[95% CI: 1.1 to 1.2], p<0.0001) for incident stroke. In the CAC as a continuous variable 

model, the interaction term between CAC and gender was significant (p=0.0006), 

suggesting that there is an increase in the risk of stroke afforded by CAC in women 
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compared to men. After adjustment for the FSR score, the test for interaction was no 

longer significant (p=0.2374). A sensitivity analysis was performed using CAC score 

≥100 and the interaction term between gender and CAC remained insignificant.  

 CONCLUSION: CAC score ≥300 is an independent predictor of incident 

ischemic stroke in both men and women and this association remains significant even 

after adjusting for the FSR score. The initial tests for interaction between CAC and 

gender suggest that the hazard rate for CAC may be different between males and females, 

however after controlling for age, systolic blood pressure, anti-hypertension medication, 

diabetes, cigarette smoking, and LVH (no CVD or atrial fibrillation during the baseline 

exam), the differential risk afforded by CAC was no longer a significant contributor to 

the overall risk of stroke.  

BACKGROUND 

 Despite numerous advances in medical therapies and improvements in 

preventative medicine, stroke remains a leading cause of morbidity and mortality in both 

the United States and around the world. According to the “Heart Disease and Stroke 

Statistics - 2015 Update” released by the American Heart Association (AHA), 795,000 

people in the United States experience a new or recurrent stroke each year. First time 

stroke accounts for over 75% of these events.61 According to the Framingham Heart 

Study, the life-time risk of a person age 55-75 years is 1 in 5 for women (20-21%) and 1 
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in 6 in men (14-17%).64 The gender difference in the prevalence of stroke is substantial, 

with at least 55,000 more women than men experiencing a stroke each year over the last  

decade.61  

 There are well described differences in the underlying biology of men and women 

which may, in part, relate to the variation in stroke risk. Examples include differences in 

anatomy,54 vascular physiology,55 and the presence of neuroprotective factors such as 

estrogen.56 There are also gender-specific co-morbidities which have been linked to an 

increased risk of stroke including migraine with aura,62 and a prior history of 

preeclampsia during pregnancy.63 

 Recently the AHA and American Stroke Association (ASA) called for 

improvement in the prediction of stroke risk in women. The writing group noted that 

while most risk factors have an independent effect, there may be important interactions 

between individual factors that should be considered when attempting to predict risk and 

especially clinically, when trying to decide on an appropriate risk modification therapy.53 

 The  “Guidelines for the Prevention of Stroke in Women” published in 2014, 

commented on the lack of strong evidence-based stroke prevention measures specific to 

gender, and called for the development of female specific risk scores to help fill this 

discrepancy. The guidelines suggested the utilization of gender-specific risk factors or 

identification of factors more prevalent in women when constructing the stratified 

models.53 Finally, the writers suggested that future research should be aware and 

incorporate the complexities of risk factor interactions, specially as they relate to gender-

specific factors. 
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 CAC is a well described marker of subclinical atherosclerotic disease and is an 

independent predictor of atherosclerotic cardiovascular events (ASCVD) including 

coronary heart events and stroke.5,8,10 According to the ‘2013 American College of 

Cardiology (ACC)/AHA Guideline Statement on the Assessment of Cardiovascular 

Disease Risk’, CAC is the only known measure of subclinical disease which has been 

shown to provide additional risk information above that predicted by traditional risk 

factors.9 The guideline authors stated that if, after the initial risk assessment using 

traditional risk factors, an individual is determined to be at intermediate risk for future 

ASCVD events, then CAC score may be considered as an additional risk factor to help 

inform decisions regarding treatment (Recommendation IIb, Level of Evidence B).9  The 

authors also advocated that if a healthcare provider has uncertainty regarding the 

appropriateness of initiating  pharmacological therapy, he or she can revise a person’s 

individual risk upward if they have a CAC score ≥300 Agatston units or have a CAC 

score ≥75th percentile based on age, sex and ethnicity. 

 Several large population studies have unveiled a relationship between CAC and 

age, with CAC increasing in both incidence and magnitude during the aging process.

11,12,16  In one large population study, CAC was measured for over 35,000 participants 

ages 45-90. The authors concluded that while both genders experience an increase in 

prevalence of CAC with age, men consistently demonstrate CAC scores equal to women 

who are at least 15 years older.52  

 Theories as to the clinical significance of CAC differences among men and 

women exist, including the potential that higher CAC scores in similar aged men and 
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women represent our ability to detect subclinical CAD earlier in men compared to 

women. In contrast, many researchers believe that the differences in CAC score represent 

an underlying relationship, such as biological interaction, between CAC score and gender 

which has yet to be identified.59 An interaction occurs when a relation between two 

variables is modified by another variable.38 A special consideration in the field of 

epidemiology is the concept of biological interaction, also referred to as effect 

modification, which occurs when the biologic effect of an exposure differs according to 

the presence or absence of another factor.35 

 In response to the call by the AHA/ASA to improve clinical risk assessment tools 

predicting future stroke , and in light of the variation in CAC scores between genders, the 

goal of this study is to further characterize the relationship between CAC score and 

gender as it relates to the prediction of incident stroke in an asymptotic, multi-ethnic 

cohort free of cerebrovascular disease. 

METHODS 

STUDY POPULATION AND DATA COLLECTION  

 A detailed description of the study design for MESA has been published.36 In 

brief, MESA is a cohort study that began in July 2000 to investigate the prevalence, 

correlates, and progression of subclinical CVD. At baseline, the cohort included 6,814 

women and men ages 45 to 84 years recruited from 6 U.S. communities (Baltimore, 

Maryland; Chicago, Illinois; Forsyth County, North Carolina; Los Angeles County, 
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California; northern Manhattan, New York; and St. Paul, Minnesota). MESA participants 

were 38% white, 28% black, 22% Hispanic, and 12% Chinese. Individuals with a history 

of physician-diagnosed myocardial infarction, angina, heart failure, stroke, or transient 

ischemic attack (TIA) or who had undergone an invasive procedure for CVD (coronary 

artery bypass graft, angioplasty, valve replacement, pacemaker placement, or other 

vascular surgeries) were excluded.  

 Demographics, medical history, and anthropometric and laboratory data for these 

analyses were obtained at the first MESA examination (July 2000 to August 2002). 

Current smoking was defined as having smoked a cigarette in the past 30 days. Diabetes 

mellitus was defined as fasting glucose ≥126 mg/100 dl or use of hypoglycemic 

medications. Use of antihypertensive and other medications was based on the review of 

prescribed medication containers. Resting blood pressure was measured 3 times in a 

seated position, and the average of the second and third readings was used. Hypertension 

was defined as a systolic blood pressure ≥140 mm Hg, diastolic blood pressure ≥90 mm 

Hg, or use of medication prescribed for hypertension. Body mass index was calculated as 

weight (kg)/height2 (m2). Total and high-density lipoprotein cholesterol were measured 

from blood samples obtained after a 12-h fast. Low-density lipoprotein cholesterol was 

estimated by the Friedewald equation.49 The MESA study was approved by the 

institutional review boards of each study site, and written informed consent was obtained 

from all participants. 
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MEASUREMENT OF CAC SCORE 

 Details of the MESA computed tomography (CT) scan and interpretation methods 

have been reported by Carr et al.50 Scanning centers assessed CAC by noncontrast 

cardiac CT with either an electron-beam CT scanner (Chicago, Illinois; Los Angeles, 

California; and New York, New York field centers) or a multidetector CT system 

(Baltimore, Maryland; Forsyth County, North Carolina; and St. Paul, Minnesota field 

centers). Certified technologists scanned all participants twice over phantoms of known 

physical calcium concentration. A radiologist or cardiologist read all CT scans at a central 

reading center (Los Angeles Biomedical Research Institute at Harbor–University of 

California, Los Angeles, Torrance, California). Our research utilized a mean Agatston 

score which was derived from the 2 scans.51 Intraobserver and interobserver agreements 

were excellent (kappa= 0.93 and 0.90, respectively).  

ASCERTAINMENT OF CVE 

 Incident stroke was adjudicated by a MESA committee that included 

cardiologists, physician epidemiologists, and neurologists. A detailed description of the 

adjudication process has been published.36 For the purpose of this study, we defined 

stroke as a fatal or nonfatal ischemic brain infarct event due to the underlying relationship 

between ischemic infarct and atherosclerotic disease. To improve the accuracy of this 

study, incident transient ischemic attacks (TIA) were not included in the analysis due to 

the subjective nature of a TIA diagnosis. In addition, due to the biological plausibility that 
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ischemic and hemorrhagic infarcts are a reflection of two distinct underlying disease 

processes, incident hemorrhagic infarcts were also not included in this analysis. 

STATISTICAL ANALYSIS 

 Demographic and disease comorbidities were compared after stratification by 

gender and development of incident ischemic infarct over the follow-up period. Among 

participants with more than 1 adjudicated stroke event during the follow-up period, only 

the first event was used in this analysis. Stratified analysis were tested using the Student’s 

t test for continuous covariates and the Pearson Chi-Square test for categorical covariates.  

 CAC score was introduced into the models in several different forms including as 

a binary viable (absent/present) and as a continuous variable. CAC was also introduced as 

a binary variable based on the most recent ACC/AHA recommendations (CAC<300 

Agatston units or  ≥300 Agatston units) due to its ability to improve the assessment of 

CVD risk.9 Framingham Stroke Risk (FSR) score components were collected for each 

MESA participant (using baseline data only) and include the following: age, systolic 

blood pressure, diabetes mellitus, cigarette smoking, prior CVD, atrial fibrillation, left 

ventricular hypertrophy (ECG criteria), and blood pressure medications.3 A FSR score 

was calculated for each participant utilizing the gender-stratified algorithm reported by 

the Framingham Heart Study authors.21 Of note, no MESA participant had a prior CVD 

event or atrial fibrillation during the baseline examination. Cox proportional hazards 

analyses were used to model CAC along with gender (female=0) and a two-way 

interaction with gender to determine if CAC had differential effects within the two gender 
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groups and/or an overall effect on incident stroke after adjusting for gender. A second 

Cox proportional hazards model was produced for each measure of CAC incorporating 

covariates from the first model (CAC, gender and interaction term) and introducing the 

Framingham Stroke Risk (FSR) score as a continuous variable.  

 Individual hazard estimates of association stratified by gender when appropriate 

and the 95% Wald confidence limits are reported separately for each model. Proportional 

Hazards assumptions were checked for each covariate in the model to ensure the hazard 

estimates did not change over time. A 2-tailed value of p < 0.05 was considered 

significant in all analysis. All statistical analyses were performed using SAS version 9.2 

(SAS Institute, Cary, North Carolina).  

RESULTS 

BASELINE DEMOGRAPHICS STRATIFIED BY GENDER 

 After a mean of 9.5 +/- 2.4 years, there were 143 adjudicated ischemic 

cerebrovascular infarcts (2%). Demographic characteristics stratified by gender are 

reported in Table 1. Compared to men, women were more likely to have a higher BMI 

(29 vs 28, p<0.0001), higher HDL (56 vs 45, p<0.0001) and were more likely be 

diagnosed with hypertension (47% vs 43%, p=0.0018). Men were more likely to smoke 

and have a diagnosis of diabetes compared to women (15% vs 12%, p=0.0004 and 14% 

vs 11%, p=0.0018 respectively). Men on average had a higher CAC score compared to 

women (224 vs. 77 Agatston units, p<0.0001). In addition, a greater proportion of men 
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than women had CAC present (61% vs 40%, p<0.0001) and CAC score ≥300 (18% vs. 

7%, p<0.0001). Of note, women had a higher FSR score compared to men (6 vs 5, 

p<0.0001) however these scores correlate with a less than 5% risk of stroke over 10 years 

which according to the Framingham Heart Study is “low risk” for both genders.21 

 Ischemic infarcts were observed in 70 females (49%) and 73 males (51%). 

Demographics and comorbidities stratified by gender and incident ischemic infarct are 

presented in Table 2. Women who experienced an ischemic infarct were older (70 vs 62, 

p<0.0001), had a lower HDL (52 mg/dl vs 56 mg/dl, p=0.0256), and were more likely to 

have hypertension (77% vs. 46%, p<0.0001) compared to women who did not develop an 

ischemic infarct. Similarly, men who developed an ischemic infarct had worse cardiac 

profiles compared to men who did not experience an ischemic infarct (diabetes 34% vs 

14%, p<0.0001 and hypertension 70% vs 42%, p<0.0001). Both women and men who 

developed an incident ischemic infarct were more likely to have CAC present (female 

64% vs 39%, p<0.0001, male 82% vs 61%, p=0.0002) and CAC score ≥300 (female 23% 

vs 7%, p<0.0001, male 33% vs. 18%, p<0.0001) compared to men and women who did 

not experience an incident stroke. 

CAC AND PREDICTION OF ISCHEMIC INFARCT EVENT 

 Table 3 presents the predictive value of CAC (present/absent) for incident 

ischemic infarct introduced into two unique models. Model1 includes CAC (present/

absent), gender, and an interaction term assessing for a difference between the effect of 

CAC within the two gender groups. Model2 included all existing variables listed in 
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Model1 as well the FSR score. In Model1, the presence of CAC was a significant 

predictor of incident stroke in both women (HR: 3.3 [95% CI: 2.0 to 5.4], p<.0001) and 

men (HR:3.4 [95% CI: 1.9 to 6.2], p<.0001), however after adjustment for the 

Framingham Stroke Risk (FSR) score, this relationship was no longer significant 

(p=0.3201). Interestingly, after the addition of FSR score to the model, male gender was 

associated with a significantly increased risk of incident stroke compared to the female 

gender (HR: 6.0 [95% CI 2.7 to 13.4], p<0.0001). When CAC was introduced into the 

models as absent/present, there was no evidence that gender effected the relationship 

between CAC and incident infarct (test for interaction: Model1 p=0.9431 and Model2 

p=0.2456). 

 Figure 1 plots the baseline survival function for males and females at the 

reference level of CAC <300. The reference curve of the survival function for females is 

slightly higher than the curve for males, suggesting that the overall survival experience 

(ie. not experiencing a stroke) is potentially better for females after controlling for CAC. 

 Table 4 reports the results of the next model which measured the predictive value 

of CAC for incident ischemic infarct according to the latest ACC/AHA recommendations 

(CAC<300 Agatston units or  ≥300 Agatston units). When stratified by gender, females 

with a CAC score ≥300 were more than twice as likely to experience an ischemic infarct 

compared to males with a CAC score ≥300 (female HR: 5.3 [95% CI: 3.0 to 9.3] and 

male HR: 2.9 [95% CI: 1.8 to 4.7]).  In contrast to the presence/absence of CAC, after 

adjustment for FSR score, CAC score ≥300 was associated with an increased risk of 

incident ischemic stroke in both women (HR: 1.8 [95% CI: 1.0 to 3.3], p=0.0452) and 
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men (HR: 1.6 [95% CI: 1.0 to 2.6], p=0.0452). The hazard ratio for the interaction term 

describing the relationship between CAC score ≥300 and gender (female = reference) 

trended towards statistical significance (HR:0.5 [95% CI: 0.3 to 1.1), p=0.0994). While 

CAC score ≥300 is associated with an increased risk of stroke in both genders, the 

interaction results suggest that males have a lower associated risk when compared to 

females. A visual representation of this relationship is available on Figure 2 and Figure 3 

which plot the survival curve for females and males respectively at CAC <300 and CAC 

score ≥300.  The greater separation between curves in the female survival graph 

compared to the male graph supports the idea that the effect of CAC≥300 is more severe 

in females than in males. After adjustment for the FSR score, CAC score ≥300 was 

associated with a HR of 1.8 in women (95% CI: 1.0 to 3.3) and 1.6 in men (95% CI: 1.0 

to 2.6). In a second model adjusted for FSR score, the test for interaction was no longer 

significant (p=0.7196). 

 Table 5 presents the results of Cox Proportional hazards models introducing CAC 

as a continuous variable. CAC is a significant predictor of incident ischemic infarct (HR 

per 100 unit increase: 1.2 [95% CI: 1.1 to 1.2], p<0.0001). As shown in Table 5, for 

every 100 Agatston unit increase in CAC score, female gender is associated with a 10% 

increased risk of incident stroke compared to the male gender at the same CAC score. 

After addition of the FSR score to the model, CAC remains a significant predictor of 

incident ischemic infarct although the strength of effect is lower (HR per 100 unit 

increase: 1.1 [95% CI: 1.0 to 1.1], p=0.0053). Although gender was not a significant 

predictor of stroke in the baseline model, after adjusting for FSR score, male gender was 
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associated with a significantly increased risk of incident stroke compared to female 

gender (HR: 9.8 [95% CI: 5.7 to 16.9), p<0.0001). Finally, Table 5 lists several gender-

specific hazard ratios at increasing values of CAC. While the interaction term between 

CAC and gender is not significant in the full model (Model2), there appears to be a 

decreasing hazard associated with the male gender as CAC score increases.  

 Finally, Table 6 reports the results of a sensitivity analysis performed to assess for 

misclassification using CAC score ≥100 in models with and without the introduction of 

FSR score. The effect measure for interaction between gender and CAC remains below 

statistical significance in both models.  

 Proportional hazards assumptions were checked for all measures of CAC 

introduced into the models and there was no evidence of increase or decrease in trend 

overtime in the hazard associated with any of these covariates (ie. no violations were 

found). In addition, proportional hazards assumptions were checked for each covariate 

after adjusting for CAC and no violations were found. Linearity was checked for 

continuous covariates and there was no indication of violations.  

DISCUSSION 

 A recent study discussed various methodologies used by researchers to address 

gender when producing stroke risk prediction models. The authors reported that of 796 

risk prediction models related to stroke, only 33% included gender as a model covariate 

or stratified the model by gender to produce separate intercepts and parameter estimates. 
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Furthermore, in instances where the model predicted first stroke event, 35% of models 

did not include gender at all.59 

 According to data extracted from the Third National Health and Nutrition 

Examination Survey (NHANES III), 95% of women in the United States younger than 

age 70 are classified as “low risk” according to the Framingham 10-year coronary heart 

disease (CHD) risk score, one of the more established prediction models estimating the 

probability that an individual will experience a cardiac event within the next 10 years.66 

Unfortunately, despite being classified as “low risk” at a young age, most women will 

ultimately die from cardiac disease. Some authors have suggested that much of the 

inaccuracy in current prediction models centers around the fact that using current models 

women do not reach the “intermediate” or “high risk” range until after age 70 despite 

having established risk factors.  

 The underestimate of a woman’s true risk results in a lost opportunity to initiate 

medical therapies and ultimately fails to prevent the development of disease.  Lakoski, et. 

al. performed an analysis on the MESA cohort aimed at identifying a subset of the female 

participants deemed “low risk” that are actually at an increased of developing CHD. CAC 

≥300 was found to be highly predictive of future CHD and cardiovascular disease (CVD) 

events when compared to CAC =0.65 The authors suggested utilizing CAC score to better 

risk stratify women and ultimately improve the utilization of targeted preventative 

therapies.   

 As a result of the analysis presented in this study, the association between gender, 

CAC score and risk of ischemic stroke has been better defined. There is evidence that the 
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risk of incident stroke associated with CAC is higher in females compared to males and 

this increase in associated risk holds true when CAC is studied as absent/present, score 

≥300 and CAC as a continuous variable. After addition of the FSR score there is no 

longer any suggestion of a significant association. The loss of significance does not mean 

that there is no difference between genders in the risk associated with CAC, but rather 

that after controlling for age, systolic blood pressure, anti-hypertension medication, 

diabetes, cigarette smoking, and LVH (no CVD or atrial fibrillation during the baseline 

exam), the differential effect of CAC by gender was no longer a significant contributor to 

the overall risk of stroke.  

STUDY LIMITATIONS  

 The strengths of this study include the large cohort size, over 10 years of follow-

up time, and the use of adjudicated events. One limitation to this study is the relatively 

small number of adjudicated events. In addition, the present study involved individuals 

without clinical cardiovascular disease at baseline, and therefor our results may not be 

applicable to other populations.  

 While the MESA study design was powered to detect a significant association for 

most main effect variables, the study was not powered to detect a significant difference 

for an interaction term, which requires a much larger sample size compared to the main 

effect variables to detect a significant effect. Due to the lack of power in our study it is 

plausible that effect modification between gender and CAC score does exist. Given the 

documented association between gender and risk of incident stroke, our analysis suggests 
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that at a minimum gender should be included as a variable in any prediction model 

estimating the risk of stroke, and if possible gender should be used to stratify risk model. 

 Our study utilized the FSR score as a continuous variable, however as published 

in the literature the original FSR score is designed to produce a gender stratified 10 year 

probability of stroke. Utilization of the risk score as a component measured allowed the 

integration of several well established stroke risk factors under a single linear variable, 

minimizing the risk of omission bias and maximizing the likelihood that a significant 

effect would be detected in the study.  

 While the models produced in this study used risk score and not the probability of 

stroke estimated by the FSR score, it should be noted that the mean FSR score for 

females was 6.63 (median 6.59, 25-75% interquartile range 5.77—7.41) which estimates 

a mean 10-year probability of stroke for women in the MESA cohort of 4% (3-4% 

interquartile range). For males the mean FSR score was 5.16 (median 5.13, 25-75% 

interquartile range 4.56-5.71) which estimates a mean 10-year probability of stroke for 

men in the MESA cohort as 5% (5% interquartile range). While there is a significant 

difference between the mean FSR score for females and males in the MESA Cohort (p 

value <.0001), due to the fact that a 10-year probability of stroke less than 5% is 

considered low risk for both genders, we did not feel a clinically significant bias was 

introduced into the models by our choice to use risk score rather than probability of 

stroke.  
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FUTURE STUDIES 

 CAC is a marker of subclinical atherosclerotic disease and normal ranges based 

on age and gender are available for the general population. Based on these ranges women 

typically develop CAC 10 to 15 years after their male counterparts. This study elicits a 

differential risk between genders, however further studies are needed to determine the 

etiology of this difference in risk.  Potentially CAC measured in women at a relatively 

young age (compared to the population normal) is a surrogate marker of advanced 

underlying disease and will provide a method in the future to identify women at greater 

risk of future events based on the presence of this surrogate. Future studies aimed at 

identifying the best age to screen for CAC, the level of CAC associated with significant 

risk, and ultimately therapeutic options to minimize the risk of future events are needed.  

CONCLUSION 

  

 CAC ≥300 Agatston units is an independent predictor of incident ischemic stroke 

in both men and women and this association remains statistically significant even after 

adjusting for the FSR score. Despite the absence of statistical significance after the 

addition of FSR score to the predictive models, this study provides evidence for effect 

modification by gender between CAC and the risk of incident stroke. Based on the results 

of this study, CAC in women is associated with a higher risk of incident stroke compared 

to their male counterparts. In the future, predictive studies incorporating CAC score 
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should consider producing stratified risk models in order to account for these potential 

interactions. 
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 Table 1. Distribution of Demographics and Comorbidities in the   
 MESA cohort stratified by gender 

  

 Values are mean +/- SD or n (%). Mean follow-up was 9.5 +/- 2.4 years.  
 CAC present refers to CAC score >0. 
 BMI = Body Mass Index, HTN = hypertension, FSR = Framingham Stroke Risk score  
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 Table 2. Distribution of Demographics and Comorbidities in MESA   
 cohort participants based on the development of stroke during follow   
 up and stratified by gender  

  
 Values are mean +/- SD or n (%). Mean follow-up was 9.5 +/- 2.4 years. Abbreviations as per Table 1. 
 CAC present refers to CAC score >0. 
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 Table 3:  Predictive value of Coronary Artery Calcium (absent vs. present)  
 for incident stroke in the MESA cohort. 

 Mean follow up of 9.5 +/-2.4 years. Abbreviations as in Table 1. 
 Reference group for model is Males CAC absent. 
 Model 1 = CAC (absent/present), gender (female/male), and an interaction term for gender*CAC. 
 ✢Likelihood Ratio chi squared for model fit = 47.13, p <.0001, Wald test for interaction 0.9431. 
 Model 2 = CAC (absent/present), gender (female/male), FSR score, and an interaction term for gender*CAC. 
 ✢✢Likelihood Ratio chi squared for model fit = 164.2, p<.0001, Wald test for interaction 0.2456. 
 ✦Hazard Ratio for FSR score = hazard associated with a 1 unit increase in the FSR score. 
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Model 1✢ Model 2✢✢

Hazard Ratio 
(95% Wald CL)

p value         
(a=0.05)

Hazard Ratio 
(95% Wald CL)

p value         
(a=0.05)

Male CAC absent 1.0 1.0
Male CAC present              3.4 (1.9 to 6.2) <.0001* 2.1 (1.1 to 3.9) 0.3201

Female CAC absent 1.0 (0.5 to 1.9) 0.9656 6.0 (2.7 to 13.4) <.0001*

Female CAC present           3.3 (2.0 to 5.4) <.0001* 1.3 (0.8 to 2.2) 0.3201

Gender*CAC present 1.0 (0.5 to 2.2) 0.9431 1.6 (0.7 to 3.5) 0.2456
FSR score — — 3.1 (2.5 to 3.8)☥ <.0001*



 Table 4:  Predictive Value of Coronary Artery Calcium score ≥300 for   
 incident stroke in the MESA cohort. 

 Mean follow up of 9.5 +/-2.4 years. Abbreviations as in Table 1. 
 Reference group for model is Males CAC <300. 
 Model 1 = CAC ≥300 (no/yes), gender (female/male), and an interaction term for gender*CAC. 
 ✢Likelihood Ratio chi squared for model fit = 42.35, p <.0001, Wald test for interaction 0.0994. 
 Model 2 = CAC ≥300 (no/yes), gender (female/male), FSR score, and an interaction term for gender*CAC. 
 ✢✢Likelihood Ratio chi squared for model fit = 164.4, p<.0001, Wald test for interaction 0.7196. 
 ✦Hazard Ratio for FSR score = hazard associated with a 1 unit increase in the FSR score. 
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Model 1✢ Model 2✢✢

Hazard Ratio 
(95% Wald CL)

p value         
(a=0.05)

Hazard Ratio 
(95% Wald CL)

p value         
(a=0.05)

Male CAC <300 1.0 1.0

Male CAC ≥300                    2.9 (1.8 to 4.7) <.0001* 1.6 (1.0 to 2.6) 0.0452*

Female CAC <300 1.3 (0.9 to 1.9) 0.2542 8.9 (5.1 to 15.7) <.0001*

Female CAC ≥300                    5.3 (3.0 to 9.3) <.0001* 1.8 (1.0 to 3.3) 0.0452*

Gender*CAC 0.5 (0.3 to 1.1) 0.0994 0.9 (0.4 to 1.9) 0.7196

FSR score — — 3.1 (2.5 to 3.8)☥ <.0001*



 Figure 1. Baseline survival function stratified by gender in the MESA cohort. 

  

 A reference curve of the survival function at the level of CAC <300 stratified by gender in the  
 MESA (Multi-Ethnic Study of Atherosclerosis) cohort. (F=female, M=male).  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 Figure 2. Survival function for females according to CAC score in the MESA  
 cohort.  

  
 A curve of the survival function based on CAC score (<300 or ≥300) for females in the MESA  
 (Multi-Ethnic Study of Atherosclerosis) cohort. 
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 Figure 3. Survival function for males according to CAC score in the MESA  
 cohort. 

 

  
  
 A curve of the survival function based on CAC score (<300 or ≥300) for males in the MESA 
 (Multi-Ethnic Study of Atherosclerosis) cohort. 
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 Table 5:  Predictive value of Coronary Artery Calcium score as a continuous  
 covariate for incident stroke in the MESA cohort. 

  
 Mean follow up of 9.5 +/-2.4 years. Abbreviations as in Table 1. 
 Model 1 = CAC score (continuous variable), gender (female/male), and an interaction term for gender*CAC. 
 ✢ Likelihood Ratio chi squared for model fit = 32.33, p <.0001, Wald test for interaction 0.0006. 
 Model 2 = CAC ≥300 (no/yes), gender (female/male), FSR score, and an interaction term for gender*CAC. 
 ✢✢ Likelihood Ratio chi squared for model fit = 162.07, p<.0001, Wald test for interaction 0.2437. 
 ✦ Hazard Ratio for FSR score is equal to the hazard associated with a 1 unit increase in FSR score.                         
 ☥ Hazard Ratio for CAC = hazard associated with a 100 unit increase in CAC score. 
 ☥☥ Stratified Hazard Ratio for CAC = hazard according to gender associated with a 100 unit increase in CAC. 
 ✦✦Reference group for model is Male gender. 
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Model 1✢ Model 2✢✢

Hazard Ratio     
(95% Wald CL)

p value         
(a=0.05)

Hazard Ratio     
(95% Wald CL)

p value         
(a=0.05)

CAC☥ 1.2 (1.1 to 1.2) <.0001* 1.1 (0.9 to 1.1) 0.0531

        Female☥☥ CAC 1.2 (1.1 to 1.2) 1.1 (1.0 to 1.1)

        Male☥☥ CAC 1.1 (1.0 to 1.1) 1.0 (1.0 to 1.1)

Gender ✦✦ 1.3 (0.9 to 1.9) 0.1217 9.8 (5.7 to 16.9) <.0001*

        Female CAC = 100 0.8 (0.6 to 1.2) 9.4 (5.5 to 16.0)

        Female CAC = 200 0.9 (0.6 to 1.2) 8.9 (5.3 to 15.3)

        Female CAC = 300 1.0 (0.7 to 1.4) 8.6 (5.0 to 14.7)

        Female CAC = 400 1.1 (0.8 to 1.5) 8.2 (4.7 to 14.4)

        Female CAC = 500 1.2 (0.8 to 1.7) 7.9 (4.4 to 14.1)

Gender*CAC 0.99 (0.99 to 1.0) 0.0006* 1.0 (0.99 to 1.0) 0.2437

FSR score✦ — — 3.2 (2.6 to 3.9) <.0001*



 Table 6:  Sensitivity Analysis: Predictive value of Coronary Artery Calcium  
 score ≥100 for incident stroke in the MESA cohort. 

 Mean follow up of 9.5 +/-2.4 years. Abbreviations as in Table 1. 
 Reference group for model is Males CAC <100. 
 Model 1 = CAC ≥100 (no/yes), gender (female/male), and an interaction term for gender*CAC. 
 ✢Likelihood Ratio chi squared for model fit = 49.47, p <.0001, Wald test for interaction 0.7459. 
 Model 2 = CAC ≥100 (no/yes), gender (female/male), FSR score, and an interaction term for gender*CAC. 
 ✢✢Likelihood Ratio chi squared for model fit = 165.06, p<.0001, Wald test for interaction 0.4380. 
 ✦Hazard Ratio for FSR score = hazard associated with a 1 unit increase in the FSR score. 
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Model 1✢ Model 2✢✢

Hazard Ratio 
(95% Wald CL)

p value         
(a=0.05)

Hazard Ratio 
(95% Wald CL)

p value         
(a=0.05)

Male CAC <100 1.0 1.0
Male CAC ≥100                    3.3 (2.1 to 5.2) <.0001* 1.8 (1.1 to 2.9) <.0001*

Female CAC <100 1.1 (0.7 to 1.7) 0.7628 7.4 (4.0 to 13.7) <.0001*

Female CAC ≥100                    3.7 (2.2 to 6.0) <.0001* 1.4 (0.8 to 2.3) <.0001*

Gender*CAC 0.9 (0.5 to 1.8) 0.7459 1.3 (0.7 to 2.6) 0.4380
FSR score — — 3.1 (2.5 to 3.8)☥ <.0001*



REFERENCES 

1. Bild DE, Bluemke DA, Burke GL, Detrano R, Diez Roux AV, Folsom AR, Greenland P, 
Jacob DR Jr, Kronmal R, Liu K, Nelson JC, O'Leary D, Saad MF, Shea S, Szklo M, 
Tracy RP. Multi-Ethnic Study of Atherosclerosis: objectives and design. Am J Epidemiol. 
2002;156:871-881. 

2. Carr JJ, Nelson JC, Wong ND, et al. Calcified coronary artery plaque measurement with 
cardiac CT in population-based studies: standardized protocol of Multi-Ethnic Study of 
Atherosclerosis (MESA) and Coronary Artery Risk Development in Young Adults 
(CARDIA) study. Radiology. 2005;234:35–43. 

3. D’Agostino RB, Wolf PA, Belenger AJ, Kannel WB. Stroke risk profile. Adjustment for 
antihypertensive medications: The Framingham Heart Study. Stroke.1994;25:40-43. 

4. Elias-Smale SE, Wieberdink RG, Odink AE, Hofman A, Hunink MG, Koudstaal PJ, et al. 
Burden of atherosclerosis improves the prediction of coronary heart disease but not 
cerebrovascular events: the Rotterdam Study. Eur Heart J. 2011;32:2050–2058. 

5. Erbel R, Möhlenkamp S, Moebus S, Schmermund A, Lehmann N, Stang A, et al; Heinz 
Nixdorf Recall Study Investigative Group. Coronary risk stratification, discrimination, 
and reclassification improvement based on quantification of subclinical coronary 
atherosclerosis: the Heinz Nixdorf Recall study. J Am Coll Cardiol. 2010;56:1397–1406. 

6. Folsom AR, Kronmal RA, Detrano RC, O’Leary DH, Bild DE, Bluemke DA, Budoff MJ, 
Liu K, Shea S, Szklo M, Tracy RP, Watson KE, Burke GL. Coronary Artery Calcification 
Compared With Carotid Intima-Media Thickness in Prediction of Cardiovascular Disease 
Incidence: The Multi-Ethnic Study of Atherosclerosis (MESA). Arch Intern Med. 
2008;168(12):1333-1339. 

7. Gage BF, Waterman AD, Shannon W, Boechler M, Rich MW, Radford MJ.  Validation of 
clinical classification schemes for predicting stroke: results from the National Registry of 
Atrial Fibrillation. JAMA. 2001;285(22):2864-70. 

8. Gaziano JM, Wilson PW. Cardiovascular risk assessment in the 21st century. JAMA.
2012;308:816-817. 

9. Goff DC Jr, Lloyd-Jones DM, Bennett G, Coady S, D'Agostino RB Sr, Gibbons R, 
Greenland P, Lackland DT, Levy D, O'Donnell CJ, Robinson J, Schwartz JS, Shero ST, 
Smith SC Jr, Sorlie P, Stone NJ, Wilson PW. 2013 ACC/AHA Guideline on the 
Assessment of Cardiovascular Risk: A Report of the American College of Cardiology/
American Heart Association Task Force on Practice Guidelines. Circulation. 2013; Nov 
12. 

10. Hermann DM, Gronewold J, Lehmann N, Moebus S, Jöckel KH, Bauer M, Erbel R. 
Coronary artery calcification is an independent stroke predictor in the general population. 
Stroke. 2013;44:1008-1013. 

!50



11. Lee KB, Budoff MJ, Zavodni A, Polak JF, Jeffrey Carr J, Burke GL, Herrington DM. 
Coronary artery calcium is associated with degree of stenosis and surface irregularity of 
carotid artery. Atherosclerosis. 2012;223(1):160-165. 

12. Lahoz C, Carlos III JM. Atherosclerosis as a systemic disease. Rev. Esp. Cardiol. 2007; 
60:184-195. 

13. Möhlenkamp S, Lehmann N, Moebus S, Schmermund A, Dragano N, Stang A, Siegrist J, 
Mann K, Jockel KH and Erbel R; Heinz Nixdorf Recall Study Investigators. 
Quantification of Coronary Atherosclerosis and Inflammation to Predict Coronary Events 
and All-Cause Mortality. J Am Coll Cardiol. 2011;57:1455-1464. 

14. Ohira T, Shahar E, Chambless LE, Rosamond WD, Mosley TH Jr, Folsom AR. Risk 
factors for ischemic stroke subtypes: the Atherosclerosis Risk in Communities study. 
Stroke. 2006;37:2493–2498. 

15. Polonsky TS, McClelland RL, Jorgensen NW, Bild DE, Burke GL, Guerci AD, 
Greenland P. Coronary artery calcium score and risk classification for coronary heart 
disease prediction. JAMA. 2010;303: 1610 -1616. 

16. Raggi, et al. Coronary Artery Calcium to Predict All-Cause Mortality in Elderly Men and 
Women. J Am Coll Cardiol. 2008;52(1):17-23.  

17. Roger VL, Go AS, Lloyd-Jones DM, Adams RJ, Berry JD, Brown TM, Carnethon MR, 
Dai S, de Simone G, Ford ES, Fox CS, Fullerton HJ, Gillespie C, Greenlund KJ, Hailpern 
SM, Heit JA, Ho PM, Howard VJ, Kissela BM, Kittner SJ, Lackland DT, Lichtman JH, 
Lisabeth LD, Makuc DM, Marcus GM, Marelli A, Matchar DB, McDermott MM, Meigs 
JB, Moy CS, Mozaffarian D, Mussolino ME, Nichol G, Paynter NP, Rosamond WD, 
Sorlie PD, Stafford RS, Turan TN, Turner MB, Wong ND, Wylie-Rosett J; American 
Heart Association Statistics Committee and Stroke Statistics Subcommittee. Heart disease 
and stroke statistics--2011 update: a report from the American Heart Association. 
Circulation. 2011;123(4):e18-e209.  

18. Simons DB, Schwartz RS, Edwards WD, Sheedy PF, Breen JF. Non-invasive definition 
of anatomic coronary disease by ultrafast computed tomography: a quantitative 
pathologic comparison study. J. Am. Coll. Cardiol. 1992;20:1118–1126. 

19. Stary HC, Chandler AB, Dinsmore RE, et al. A definition of advanced types of 
atherosclerotic lesions and a histological classification of atherosclerosis. A report from 
the Committee on Vascular Lesions of the Council on Arteriosclerosis, American Heart 
Association. Arterioscler Thromb Vasc Biol. 1995;15:1512–31. 

20. Vliegenthart, R., et al. Stroke is associated with coronary calcification as detected by 
electron-beam CT: the Rotterdam Coronary Calcification Study. Stroke. 2002;33(2):
462-465.  

!51



21. Wolf PA, D'Agostino RB, Belanger AJ, Kajinel WB. Probability of stroke: A risk profile 
from the Framingham Study. Stroke. 1991;22:312-318. 

22. Yeboah J, McClelland RL, Polonsky TS, Burke GL, Sibley CT, O’Leary D, Carr JJ, Goff 
DC, Greenland P, Herrington DM. Comparison of novel risk markers for improvement in 
cardiovascular risk assessment in intermediate-risk individuals. JAMA. 2012;308(8):
788-795. 

23. Leipsic, J., et al. SCCT guidelines for the interpretation and reporting of coronary CT 
angiography: a report of the Society of Cardiovascular Computed Tomography 
Guidelines Committee. J Cardiovasc Comput Tomogr. 2014; 8(5): 342-358. 

24. Agatston AS, Janowitz WR, Hildner FJ,Zusmer NR, Viamonte M Jr, Detrano R. 
Quantification of coronary artery calcium using ultrafast computed tomography. J Am 
Coll Cardiol. 1990;15:827-32. 

25. Waljee, A. K., et al. "A primer on predictive models." Clin Transl Gastroenterol. 2014;5: 
e44. 

26. Mohr, J. P., et al. "American Heart Association Prevention Conference. IV. Prevention 
and Rehabilitation of Stroke. Etiology of stroke." Stroke. 1997;28(7): 1501-1506. 

27. Altman, D. G. and P. Royston. "What do we mean by validating a prognostic model?" 
Stat Med. 2000;19(4): 453-473. 

28. D'Agostino, R. B., Sr., et al. "Validation of the Framingham coronary heart disease 
prediction scores: results of a multiple ethnic groups investigation." JAMA. 2001;286(2): 
180-187. 

29. Harrell, F. E., Jr., et al. "Evaluating the yield of medical tests." JAMA. 1982;247(18): 
2543-2546. 

30. Cui, J. "Overview of risk prediction models in cardiovascular disease research." Ann 
Epidemiol. 2009;19(10): 711-717. 

31. Ridker, P. M., et al. "Development and validation of improved algorithms for the 
assessment of global cardiovascular risk in women: the Reynolds Risk Score." JAMA. 
2007;297(6): 611-619. 

32. Cook, N. R. "Use and misuse of the receiver operating characteristic curve in risk 
prediction." Circulation. 2007;115(7): 928-935.  

33. Pencina, M. J., et al. "Evaluating the added predictive ability of a new marker: from area 
under the ROC curve to reclassification and beyond." Stat Med. 2008;27(2): 157-172. 

34. Altman, D. G. (1991). Practical statistics for medical research. London; New York, 
Chapman and Hall.  

!52



35. Aschengrau, A. and G. R. Seage (2014). Essentials of epidemiology in public health. 
Burlington, MA, Jones & Bartlett Learning. 

36. Bild DE, Bluemke DA, Burke GL, et al. Multi- Ethnic Study of Atherosclerosis: 
objectives and design. Am J Epidemiol. 2002;156:871–81.  

37. D’Agostino RB, Wolf PA, Belenger AJ, Kannel WB. Stroke risk profile. Adjustment for 
antihypertensive medications: The Framingham Heart Study. Stroke. 1994;25:40–3.  

38. Kirkwood, B. R., et al. (2003). Essential medical statistics. Malden, Mass., Blackwell 
Science. 

39. LaMorte, Wayne W. and Lisa Sullivan. “Effect Measure Modification”. http://
sphweb.bumc.bu.edu. Boston University School of Public Health. 6 January 2016., Web. 
8 February 2016. 

40. Demer LL, Tintut Y. Vascular calcification: pathobiology of a multifaceted disease. 
Circulation. 2008;117:2938–2948.  

41. Johnson RC, Leopold JA, Loscalzo J. Vascular calcification: pathobiological mechanisms 
and clinical implications. Circ Res. 2006;99:1044–1059.  

42. Kalra SS, Shanahan CM. Vascular calcification and hypertension: cause and effect. Ann 
Med. 2012;44(Suppl 1):S85–S92. 

43. Mozaffarian, D., et al. "Executive Summary: Heart Disease and Stroke Statistics-2016 
Update: A Report From the American Heart Association." Circulation. 2016;133(4): 
447-454. 

44. Ford ES, Ajani UA, Croft JB, Critchley JA, Labarthe DR, Kottke TE, Giles WH, 
Capewell S. Explaining the decrease in U.S. deaths from coronary disease, 1980–2000. N 
Engl J Med. 2007; 356: 2388–2398. 

45. Qureshi AI, Tuhrim S, Broderick JP, Batjer HH, Hondo H, Hanley DF. Spontaneous 
intracerebral hemorrhage. N Engl J Med. 2001; 344: 1450–1460. 

46. Hajat C, Dundas R, Stewart JA, Lawrence E, Rudd AG, Howard R, Wolfe CDA. 
Cerebrovascular risk factors and stroke subtypes. Differences between ethnic groups. 
Stroke. 2001; 32: 37–42. 

47. Pepe, M. S. (2003). The statistical evaluation of medical tests for classification and 
prediction. Oxford ; New York, Oxford University Press. 

48. Kerr, K. F., et al. "Net reclassification indices for evaluating risk prediction instruments: a 
critical review." Epidemiology. 2014;25(1): 114-121. 

!53



49. Friedewald WT, Levy RI, Fredrickson DS. Estimation of the concentration of low-density 
lipoprotein cholesterol in plasma, without use of the preparative ultracentrifuge. Clin 
Chem. 1972;18: 499–502.  

50. Carr JJ, Nelson JC, Wong ND, et al. Calcified coronary artery plaque measurement with 
cardiac CT in population-based studies: standardized protocol of Multi-Ethnic Study of 
Atherosclerosis (MESA) and Coronary Artery Risk Development in Young Adults 
(CARDIA) study. Radiology. 2005; 234:35–43.  

51. Agatston AS,Zusmer NR, Viamonte M Jr., Detrano R. Quantification of coronary artery 
calcium using ultrafast computed tomography. J Am Coll Cardiol. 1990;15: 827–32.  

52. Hoff, J. A., et al. "Age and gender distributions of coronary artery calcium detected by 
electron beam tomography in 35,246 adults." Am J Cardiol. 2001;87(12): 1335-1339. 

53. Bushnell C, McCullough LD, Awad IA, Chireau MV, Fedder WN, Furie KL, Howard VJ, 
Lichtman JH, Lisabeth LD, Piña IL, Reeves MJ, Rexrode KM, Saposnik G, Singh V, 
Towfighi A, Vaccarino V, Walters MR. Guidelines for the prevention of stroke in women: 
a statement for healthcare professionals from the American Heart Association/American 
Stroke Association. Stroke. 2014;45:1545–1588. 

54. Schulz UG, Rothwell PM. Sex differences in carotid bifurcation anatomy and the 
distribution of atherosclerotic plaque. Stroke. 2001;32:1525–1531. 

55. Matteis M, Troisi E, Monaldo BC, Caltagirone C, Silvestrini M. Age and sex differences 
in cerebral hemodynamics: a transcranial Doppler study. Stroke. 1998;29:963–967. 

56. Hurn PD, Macrae IM. Estrogen as a neuroprotectant in stroke. J Cereb Blood Flow 
Metab. 2000;20:631–652.  

57. Roquer J, Rodríguez Campello A, Gomis M. Sex differences in first-ever acute stroke. 
Stroke. 2003;34:1581–1585. 

58. Reeves MJ, Bushnell CD, Howard G, Gargano JW, Duncan PW, Lynch G, Khatiwoda A, 
Lisabeth L. Sex differences in stroke: epidemiology, clinical presentation, medical care, 
and outcomes. Lancet Neurol. 2008;7:915–926. 

59. Paulus, J. K., et al. "Field Synopsis of the Role of Sex in Stroke Prediction Models." J 
Am Heart Assoc. 2016;5(5). 

60. Meschia, J. F., et al. "Guidelines for the primary prevention of stroke: a statement for 
healthcare professionals from the American Heart Association/American Stroke 
Association." Stroke. 2014;45(12): 3754-3832. 

61. Mozaffarian, D., et al. "Heart Disease and Stroke Statistics-2016 Update: A Report From 
the American Heart Association." Circulation. 2016;133(4): e38-e360. 

!54



62. MacClellan LR, Giles W, Cole J, Wozniak M, Stern B, Mitchell, BD, Kittner SJ. Probable 
migraine with visual aura and risk of ischemic stroke: the Stroke Prevention in Young 
Women Study. Stroke. 2007;38:2438–2445. 

63. Brown DW, Dueker N, Jamieson DJ, Cole JW, Wozniak MA, Stern BJ, Giles WH, 
Kittner SJ. Preeclampsia and the risk of ischemic stroke among young women: results 
from the Stroke Prevention in Young Women Study [published correction appears in 
Stroke. 2006;37:2862]. Stroke. 2006;37:1055–1059. 

64. Seshadri S, Beiser A, Kelly-Hayes M, Kase CS, Au R, Kannel WB, Wolf PA. The lifetime 
risk of stroke: estimates from the Framingham Study. Stroke. 2006;37:345–350. 

65. Lakoski, S. G., et al. "Coronary artery calcium scores and risk for cardiovascular events 
in women classified as "low risk" based on Framingham risk score: the multi-ethnic study 
of atherosclerosis (MESA)." Arch Intern Med. 2007;167(22): 2437-2442. 

66. Ford ES, Giles WH, Mokdad AH. The distribution of 10-year risk for coronary heart 
disease among US adults: findings from the National Health and Nutrition Examination 
Survey III. J Am Coll Cardiol. 2004;43(10):1791-1796. 

!55



Ashleigh Anne Owen, M.D. 

113 Apple Tree Lane   ●   Statesville, North Carolina 28677  ●  336.402.3189   ●  aowen@wakehealth.edu 

EDUCATION 
Wake Forest Baptist Medical Center, Winston-Salem, NC                             2012-2016 

 Clinical Cardiology Fellowship Training Program 

 Clinical Cardiovascular T32 Research Training Program 

 Masters of Science in Clinical and Population Translational Sciences 

 US Ten Day Seminar on Epidemiology and Prevention of Cardiovascular Disease 

Duke University Hospital, Durham, NC                 2009-2012 

 Internal Medicine Residency Training Program  

Medical University of South Carolina, Charleston, SC               2005-2009 

 Doctor of Medicine; GPA 3.55 

Clemson University, Clemson, SC                               2000-2004 

 Bachelor of Science in Biochemistry, magna cum laude  

 Minor in Business Administration 

 Calhoun Honor’s College; Cumulative GPA 3.80/4.0; Biochemistry GPA 3.89/4.0 

South Iredell High School, Statesville, NC                               1996-2000 

 Honor Speaker Class of 2000, class rank 3/366 

BOARD CERTIFICATION  
American Board Internal Medicine                           2013 

LICENSURE & CREDENTIALS 
North Carolina Medical Board (#158284)                 2012-2016 

WORK EXPERIENCE 
Forsyth Medical Center, Novant Inpatient Care Specialists, Winston Salem, NC                       2012-present 

 Moonlighting physician with a large hospitalist team; responsibilities include providing initial  

 evaluation and care to patients being admitted to the medical and critical care floors. 

  

!56



Forsyth Medical Center, Palliative Care, Winston Salem, NC                                 2013-present 

 Gained substantial experience providing palliative care medicine for patients with chronic            

 life-limiting illnesses in the hospital setting. Worked on interdisciplinary team to educate   

 patients and family members on ways to improve patient wellbeing, provide direction for patients  

 completing advanced directives and provided end-of-life care to terminally ill patients. 

Duke University Hospital, Inpatient Oncology Hospitalist, Durham, NC                                 2011-2012 

 Moonlighting physician caring for patients admitted on the Oncology, Hematology and Bone  

 Marrow Transplant Units of a large tertiary care hospital.  

Sexual Assault Forensic Examiner (SAFE) Team, Charleston, SC                2005-2009 

 Executive Coordinator of a volunteer organization responsible for the forensic exam of sexual  

 assault victims in Charleston, SC and the surrounding five counties. Responsibilities included  

 logistic coordinating between examiners, victims, police and advocates; designing emergency  

 evaluation and victim advocate protocols; recruiting and training; monthly scheduling; weekly call 

 and designated 24hr back-up for emergency support. 

RESEARCH  
Department of Cardiovascular Medicine 

Wake Forest University School of Medicine, Winston Salem, NC              2013-2016 

 Assessed the predictive value of coronary artery calcium (CAC) score for cerebrovascular events  

 (CVE) in participants enrolled in the MESA (Multi-Ethnic Study of Atherosclerosis) cohort. 

 Verified that CAC is an independent predictor of CVE, strokes, and TIAs and improves the  

 discrimination afforded by current stroke risk factors for incident CVE. 

Department of Medicine 

Duke University School of Medicine, Durham, NC                2010-2012 

 Worked with the Medtronic Foundation and the North Carolina HeartRescue Cardiac Arrest  

 (RACE CARS) System to increase overall out-of-hospital cardiac arrest survival rates by 50%  

 over five years in the geographic areas supported by the program.  

 Assisted in the development of a statewide system of cardiac arrest management involving the  

 entire chain of care including community education, implementation of sub-specialized “cardiac  

 arrest” paramedics who initiate hypothermia in the field. 

 Implemented a prototype educational program in 12 North Carolina public middle schools located  

 in Iredell County. 

!57



Department of Medicine and Department of Surgery 

Duke University School of Medicine, Durham, NC                                                                        2010-2012 

 Performed a retrospective analysis of data collected over a 10 year period on patients who were  

 enrolled in the extended criteria cardiac transplant (ECCT) program. Compared independent  

 clinical variables associated with improved survival in ECCT patients. Determined serum  

 creatinine is an independent predictor of survival in all transplant recipients and recommended that 

 renal function be incorporated in to risk-stratification for patients undergoing ECCT. 

Cardiothoracic Surgery Department, Medical University of South Carolina  

Ralph H Johnson Veterans Affairs Medical Center, Charleston, SC                                         2007-2008 

 Performed a comprehensive literature review on 200 scientific articles related to matrix   

 metalloproteinases and their unique role in heart failure and the cardiovascular remodeling  

 process. Compared changes in the heart’s extracellular matrix in three distinct disease states  

 known to be associated with the development of heart failure including myocardial infarct,  

 hypertension and dilated cardiomyopathy. 

Medical University of South Carolina 

Neuroscience Department, Charleston, SC                                                                                          2006 

 Designed and optimized a Western Blot assay for amyloid protein precursor (APP) to measure the  

 inhibition of amyloid-b peptide, a pathogenic protein linked to plaque formation in the brain of  

 patients with Alzheimer’s disease.  Utilized the above assay during Phase 2 of a double-blinded,  

 randomized pharmaceutical trial aimed at slowing progression of Alzheimer’s disease.  

Clemson University  

Biochemistry Department, Clemson, SC                                           2003-2004 

 Received NSF grant to characterize a unique Ap3A hydrolase responsible for the internalization of   

 adenosine dinucleotides into bovine endothelial cells. Developed a thesis describing a possible  

 mechanism for Ap3A hydrolase as an extracellular signal responsible for producing nitric oxide  

 during stress-induced in vivo vasoregulation of coronary vasculature. 

PUBLICATIONS 
 Gibson AO, Blaha MJ, Arnan MK, et al. Coronary Artery Calcium and Incident Cerebrovascular  

 Events in an Asymptomatic Cohort. The MESA Study. Journal American College Cardiology  

 Imaging. 2014;7(11):1108-15.  

!58



 Samsky M, Patel C, Owen A, Hernandez AF, Jentzer J, Schulte P, Felker GM, Rosenberg PB,  

 Milano CA, Rogers JG. Ten Year Experience with Extended Criteria Cardiac Transplantation.  

 Circulation Heart Failure. 2013; Nov;6(6):1230-8. 

 Owen AA, Samsky M, Patel C, Hernandez AF, Jentzer J, Schulte P, Felker GM, Rosenberg PB,  

 Milano CA, Rogers JG. Outcomes in Extended-Criteria Cardiac Transplantation: A 10-Year  

 Experience.  Circulation. 2012; 126(A19469). 

 Owen, Ashleigh A., and Francis Spinale. "Matrix Metalloproteinases and Cardiovascular   

 Remodeling.”  Myocardial Basis for Heart Failure: Role of Cardiac Interstitium. Heart Failure: a  

 Companion to Braunwald's Heart Disease. Ed. Douglas L. Mann. 2nd ed. Philadelphia: Saunders,  

 2010. 

 Haghiac, M, Zimowski, K., Owen, A. and Hilderman, R.H.  “A Unique, Stress-Induced Ap3A  

 Hydrolase Activity Present on the Cell Surface of Bovine Aortic Endothelial Cells.” FASEBJ 18  

 (2004): C12. 

PROFESSIONAL AFFILIATIONS & EXPERIENCES 
 Sudden Cardiac Death Ancillary Study ARIC Cohort Adjudication Committee, 2013-present 

 North Carolina Medical Society, 2012-present 

 American College of Cardiology, 2012-present 

 American Heart Association, 2010-present 

 American College of Physicians, 2009-present 

HONORS & AWARDS 
 T32 Clinical Cardiovascular Research Grant, 2012-2014 

 Barton F. Haynes Resident Research Award, Duke University Hospital, 2011-2012 

 H. Rawling Pratt-Thomas Service & Leadership Award, MUSC College of Medicine, 2009 

 Medical University of South Carolina Women’s Club Scholarship, 2008 

 Medical University of South Carolina Volunteer of the Year, 2007-2008 

 Duke Energy National Scholar, 2000-2004 

 Philip Prince National Scholar, 2000-2004 

 Omicron Delta Kappa National Honor Society, 2002-2004 

 Alpha Epsilon Delta Premedical Honor Society, 2002-2004 

 Golden Key International Honor Society, 2002-2004 

 North Carolina High School Journalist of the Year, 2000 

!59



COMMUNITY SERVICE 
 Volunteer physician for high school athlete annual physicals, Statesville, NC, 2015-2016 

 RACECARS in the Classroom, CPR in North Carolina middle schools, Mooresville, NC, 2011 

 Volunteer at Pet Helpers, Charleston, SC, 2008-2009 

 Speaker for Women in Charge, Moultrie Middle School, Mt Pleasant, SC, 2008 

 Campus Ministries, free medical clinic for the homeless, Charleston, SC, 2006-2008 

 CARES Clinic, free medical clinic for the uninsured, Charleston, SC, 2007-2009 

PRESENTATIONS 
 Coronary Artery Calcium Score is an Independent Predictor of Incident Stroke in Population  

 Based Adults. Multi- Ethnic Study of Atherosclerosis (MESA). American Heart Association  

 Scientific Sessions, November 2013.  

 Outcomes in Extended-Criteria Cardiac Transplantation: A 10-year Experience. American Heart        

 Association Scientific Sessions, November 2012.  

 Outcomes in Extended-Criteria Cardiac Transplantation: A 10-year Experience Reveals Serum           

 Creatinine is a Powerful Independent Predictor of Survival. Duke University Hospital. Department 

 of Internal Medicine: Resident Research Day, 2012. 

 RACECARS in the Classroom. Duke University Hospital. Department of Internal Medicine:  

 Resident Research Day, 2012. 

 The Association between Exercise, Diet and the Ability to Modify Behavior in Uncontrolled  

 Diabetes. Medical University of South Carolina. Family Medicine Clerkship, 2007. 

 Apoprotein E and Amyloid Plaque Formation during the Progression of Alzheimer’s Disease.   

 Medical University of South Carolina. College of Medicine: Clinical Research Presentation Day,  

 2005. 

 Role of Unique Adenosine Dinucleotide during Stress-Induced Vasoregulation. Clemson   

 University.  Department of Biochemistry: Senior Research Day, 2004. 

 Environmental and Economic Advantages of Sustainable Agriculture in South Carolina.  South  

 Carolina Corporation Advisory Board. Greenville, SC, 2004. 

  

!60



 How to Make a Peanut Butter and Jelly Sandwich: The Necessity of Clear Communication for  

 Effective Leadership.  FALL for Leadership South Carolina Conference for University Leaders.  

 Clemson, SC, 2003. 

 Acyl Carrier Protein and Cholesterol Statin Pharmaceuticals.  Clemson University. Department of  

 Biochemistry: Honors Biochemistry Presentation Day, 2003. 

 The mechanism of Protease and Reverse Transcriptase Inhibitors in HIV Therapy. Clemson  

 University.  Department of Biochemistry: Honors Biochemistry Presentation Day, 2002. 

!61



APPENDIX 

Chapter 2 has been reprinted from JACC: Cardiovascular Imaging, Volume 7/

edition 11, Gibson, A. O., et al, “Coronary artery calcium and incident cerebrovascular 
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