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ORIGINAL RESEARCH PAPER
Abstract:
Background: Coronary artery calcium (CAC) assessment has been proposed as a possible method for improving identification of persons at risk for cardiovascular disease (CVD). Current cardiovascular risk prediction algorithms identify high risk people because they have the greatest potential benefit from prevention interventions. However, since high risk people comprise a small percentage of the population, the greatest absolute number of CVD occurrences happens among people at low or intermediate risk.1 The objective of this study was to assess the prevalence of CAC and advanced CAC in low-risk populations and determine the demographics and non-invasive lab characteristics of low risk adults with CAC. 
Methods: In a cross-sectional analysis, we studied 420 non-diabetic participants who were not on lipid lowering therapy or anti-hypertensive medications. Bivariate analyses were used to assess the presence of CAC and advanced CAC (defined as Agatston Score >= 400) in the subset of the population deemed “low risk” by the Framingham Risk Score (FRS <7.5%) for whom statin therapy would not generally be recommended. Further bivariate analysis was performed to assess the cardiac risk factors (age, sex, cholesterol level, systolic blood pressure (BP), 24 hour ambulatory BP and smoking status) of low-risk persons who had CAC and advanced CAC. 
Results: Of the 420 people in this study, we identified 250 low-risk participants (FRS<7.5%), 34% of whom had CAC and 22% with advanced CAC. Among the subset of low-risk patients who had CAC, 33% were male, 7% were smokers, the mean age was 45 years, mean total cholesterol was 196 mg/dl, HDL 59 mg/dl, systolic blood pressure 119 mmHg, 24 hour ambulatory BP 139, and mean BMI was 29. Among this low-risk cohort, no traditional cardiac risk factors (age, total cholesterol, HDL cholesterol, systolic BP, 24 hour ambulatory BP, race, gender, smoking status) were associated with presence of CAC. The low-risk people with advanced CAC (Agatston Score >= 400) were 24% male with a mean age of 43 years, total cholesterol 194 mg/dl, HDL 61 mg/dl, systolic BP 120 mmHg, 24hr ambulatory BP of 139, mean BMI of 27 and 9% smokers. Among these low risk patients, female sex was the only factor significantly associated with the presence of advanced CAC. 
Conclusions: Among a low-risk sample of patients (FRS<7.5%), traditional risk factors (age, total cholesterol, HDL cholesterol, BP, race) were not associated with presence of CAC or presence of advanced CAC. Female sex was the only demographic associated with presence of advanced CAC in low-risk persons. 



Introduction: 
Coronary artery disease (CAD) is the primary cause of mortality in the United States.2 In an effort to lower the amount of atherosclerotic cardiovascular disease (ASCVD) in adults, the United States Preventative Task Force (USPSTF) recommends assessing a 10-year CVD event risk estimate to determine whether a patient should initiate cardioprotective therapies like aspirin 3 and statins.4 One way to calculate the 10-year risk of CVD events is to use the Framingham Risk Score (FRS) which is a sex-specific multivariable risk factor algorithm developed based on the prediction of CVD events for patients in the Framingham Heart Study.5 The Framingham Risk Score (FRS) can be used to stratify patients into low risk, moderate risk and high risk based upon a patient’s age, sex, smoking status, total cholesterol, HDL cholesterol, systolic blood pressure and use of anti-hypertensives. Generally, in patients who are at intermediate or high risk of an adverse cardiac event over the next 10 years, statin therapy and treatment with aspirin should be considered. 
However, the current method for determining the 10-year risk of ASCVD via the Framingham Risk Score is imperfect. 2 Of the patients who are considered high-risk, only 2% will experience a significant cardiac event over 10 years, while of the low to intermediate risk patients, 0.5%-1.0% have a cardiac event over 10 years. 2 Further, in the general population the greatest absolute number of cardiovascular events occur in those assessed to be low to moderate risk. 1,6,7 This paradox demonstrates that there are factors unaccounted for in the Framingham Risk Score that significantly influence the development of cardiovascular events.
In the most recent published guidelines on the assessment of cardiovascular risk and treatment of blood cholesterol, the ACC and AHA acknowledged that the consideration of other markers may be of value in determining which patients should initiate statin therapy. 6,8,9 The guidelines now recommend that in selected individuals for whom “the decision the initiate statin therapy is otherwise unclear, additional markers may be considered to inform treatment decision making.” 8 These additional markers can be used to identify subsets of the low-risk group of people (FRS <7.5%) who are actually at a higher risk for developing cardiovascular events. 6 One suggested method for non-invasively detecting coronary disease is quantification of coronary artery calcium detection using electron-beam computer tomography (EBCT).  
Coronary artery calcification (CAC) has been considered a helpful marker for re-classifying low-risk people who may go on to develop cardiovascular events. 6 Ultrasound and histopathological studies have confirmed that CAC is pathognomonic for atherosclerosis in the coronary arteries 10–12 and is a reliable correlate for total plaque burden. 13 Many prospective studies have found CAC to be an independent and better predictor of future cardiovascular events over the FRS in asymptomatic populations 14–20 Therefore, it is reasonable that current guidelines have considered measurement of CAC in intermediate risk patients for whom the decision to recommend treatment with statin therapy is uncertain. 8,9,11 
Studies have shown that patients who are asymptomatic and considered ‘low risk’ by the FRS have evidence of CAC on EBCT. 21 Though this population of patients is ‘missed’ by the FRS, the presence of CAC indicates that they may be at a higher risk for future cardiovascular events than their FRS score indicates. The objective of this study was to 1) assess the prevalence of CAC and advanced CAC in a low-risk population and 2) determine the demographics and non-invasive lab characteristics associated with CAC in this low risk group. 
Methods:
Study Design, Setting and Data Collection: This is a cross-sectional study of prospectively collected data at the University of North Carolina at Chapel Hill. Data was collected from October 2010 to March 2013. All participants underwent a clinical and laboratory evaluation at their initial visit. Data such as age, race, smoking status, blood pressure, and medications were collected and recorded. Weight, height, and body mass index were measured. Blood and urine samples were collected for laboratory tests including: total cholesterol, high density lipoprotein cholesterol (HDL-c) and urine albumin/creatinine ratio. Imaging was performed using CT scans of the coronary arteries. In addition to office blood pressure measurements, participants underwent 24-hour ambulatory BP monitoring using the previously validated Oscar 2 monitor.
Population: The sample included non-diabetic men and women aged >30 years who were categorized as having a low 10-year risk for hard CHD events (10-year predicted risk <7.5%) based on their Framingham Risk Score (FRS). FRS cannot be calculated for individuals older than 79 years, thus these individuals were excluded. No participants had a diagnosis of diabetes, severe chronic renal insufficiency and/or Stage 4 or greater chronic kidney disease (GFR <30 mL/min/1.73 m2). Participants who were already receiving lipid-lowering therapy were further excluded, since this may have affected their FRS estimate. 
Definitions: The FRS was calculated according to the National Cholesterol Education Program/Adult Treatment Panel III (NECP/ATPIII) 22. The risk categories used were low (<7.5%) and moderate/high risk (>=7.5%). For office BP, we used the average of 3 consecutive measurements. “CAC presence” was defined as Agatston score > 0 and “advanced CAC” was defined as Agatston score >= 400. CAC was assessed using electron beam computed tomography. 
CAC scans were performed on a 64-slice MDCT dual source CT (Somatom Definition, Siemens, Forchheim, Germany).  An electrocardiogram signal from the patient was monitored in order to enable synchronization with the scanner. The scan parameters included tube voltage 120 kV, tube current 100 mAs/rotation collimation of 64 × 0.6 mm and rotation time 330 ms resulting in a temporal resolution of 0.87 ms. Sequential scanning mode was used when heart rate and scan time allowed to minimize radiation exposure, otherwise spiral acquisitions were performed.  Approximate radiation exposure was 1-2 mSv for sequential scans and 2-3 mSv for spiral acquisitions. A standard calcium scoring kernel (B35f) was used for reconstruction of the CT-data. Images were reconstructed with a slice thickness of 3.0 mm.  Calcifications were quantified with scoring software (Syngo CaScore, Siemens Medical Solutions, Washington DC).  All lesions with a detection threshold of > 130 HU were marked by an experienced observer, and the coronary artery calcium load in each patient was computed using Agatston Scoring. All studies were read by a single cardiologist with training and expertise in cardiac CT, blinded to the patients’ characteristics.
Data analysis: Continuous variables were expressed as mean  SD and differences between groups were analyzed by Student’s t-test or Wilcoxon rank sum test, as appropriate. Categorical variables were expressed as percentages and differences were analyzed by Chi-squared test. A p-value of <0.05 was considered significant. Patients with data missing were excluded from the analysis. 
Results:
At baseline, the cohort included 420 participants aged 30-85 years, 75% of whom were white, and 21% of whom were Black. The participants were free of clinical cardiovascular disease. Clinical, anthropometric and laboratory data at baseline examination stratified by FRS score are shown in Table 1. There were 183 males (44%) and 237 females (56%). The mean age was 47.9 years old, average systolic blood pressure 122 mmHg, 24 hour ambulatory systolic BP 138 mmHg, mean FRS 6.3 (SD 6.0), and BMI 29.2 kg/m2 (SD 6.3). The vast majority of participants were non-smokers (92.8%). Of all the participants, 184 (43.8%) had CAC while 110 (26.1%) met criteria for advanced CAC (CAC>=400).  236 (56.2%) did not have any CAC on initial examination. 
Of the 420 people in this study, 250 were classified as low-risk (FRS < 7.5%). Of these low-risk participants 86 (34.4%) had evidence of CAC. The characteristics of the low-risk population stratified by the presence of CAC are displayed in Table 2. Among the participants that were low risk and had CAC, 28 (32.6%) were male and 58 (67.4%) were female. The low-risk CAC group had a mean age of 45 years (SD 10.1), total cholesterol of 196 mh/gl (SD 38), HDL 59 mg/dl (SD 17.6), systolic BP 119 mmHg (SD 10.6), and 24 hour ambulatory BP of 136 mmHg (SD 16.1). Low risk participants who had CAC tended to be older, with lower total cholesterol, higher HDL cholesterol, higher 24 hr ambulatory BP and higher urine albumin:creatinine ratio. However, none of these associations were statistically significant. 
The low-risk subset with advanced CAC (Agatston Score >400) had a mean age of 42.6 (SD 10.3), total cholesterol 193.9 (SD 36.7) mg/dl, HDL cholesterol 60.7 (19.2) mg/dl, and systolic BP 120.1 (SD 11.6) mmHg as noted in Table 3. Among these low risk patients, female sex was the only factor significantly associated with the presence of advanced CAC. Other traditional risk factors (age, total cholesterol, HDL cholesterol, BP, race) were not significantly associated with advanced CAC presence in this low-risk group. 
Discussion:
The first objective of this study was to determine the prevalence of CAC and advanced CAC in a low-risk adult population. We found a high prevalence of CAC (33%) and advanced CAC (22%) in people categorized as low risk by the Framingham Risk Score. These findings are consistent with other studies that have studied low risk populations. 21,23 Naqvi et al. found that 48% of their 136 asymptomatic patients had CAC.23 Petisco et al. similarly found that in low-risk, asymptomatic, post-menopausal women, 24% had CAC.21 This reaffirms the notion that CAC exists in people who are “missed” by the Framingham Risk Score. Therefore, alternative methods of identifying this subset of people are needed so that cost-effective, preventive medications can be recommended.  
The second objective of this study was to determine the demographics and non-invasive lab characteristics of low-risk people with CAC. We did not find that any of the traditional cardiac risk factors (age, sex, total cholesterol, HDL cholesterol, systolic BP, 24 hour ambulatory BP, race) were statistically associated with the presence of CAC. Additionally, with the exception of female sex, none of the traditional cardiac risk factors were associated with presence of advanced CAC. 
The lack of an association of CAC with traditional risk factors in our cohort is somewhat surprising because one would expect that any inflammatory or damaging processes to arterial vessels such as smoking or higher cholesterol level would cause coronary calcification. The pathogenesis of coronary calcifications is still unclear. However prevailing theories suggest that there are two main types CAC – atherosclerotic CAC and medical artery calcification.24 Atherosclerotic calcification occurs in the intima of vessels 25  and is generated by inflammatory mediators and elevated lipid content. Conversely, medial artery calcification is associated with advanced age, diabetes and chronic kidney disease.26 In the low-risk, non-diabetic populations studied in this cohort, we would expect to find more atherosclerotic CAC than medial artery calcification due to the lack of chronic co-morbidities. Further, we would expect that participants with CAC had higher cholesterol levels, advanced age and smoked. However, the data from this study suggests that CAC formation may be mediated by biomarkers other than the traditional cardiac risk factors included in this study.  
Other studies have also attempted to find non-traditional cardiac risk factors that influence the development of CAC. Studies have noted that CAC development and progression can be influenced by ethnicity 27, diet28 and physical activity.29 A study by Miller et. al determined that moderate tea drinkers had a slower progression of CAC than never drinkers. 28 They proposed that this association may be mediated through flavonoids in tea which may decrease the oxidation of low-density lipoproteins and progression of atherosclerosis 28. Anderson et al. demonstrated that that increased calcium intake from both foods and supplements was associated with increased risk for incident CAC.30 As such, further studies should be done to understand the roles of diet and exercise with the development of CAC. 
Other biomarkers such as ApoA1 and LDL-P have also been studied to determine if they are predictive for CAC. Petisco et. al demonstrated that in Brazilian post-menopausal women, lower ApoA1 levels were associated with increased CAC.21 Zaid et al demonstrated that in a community-based sample of asymptomatic Japanese men, LDL-P was a robust marker for subclinical atherosclerosis independent of LDL-C. 31 These findings suggest that advancse in our understanding of the pathogenesis of atherosclerosis may lead to the identification of biomarkers that are more accurate than traditional coronary risk factors in predicting CAC and in identifying patients at high risk of cardiovascular events.
Limitations:
This study has some limitations. The small sample size of the study may have decreased its power to detect statistically significant differences between CAC and non-CAC populations. Further, the participants were all from a small region in North Carolina which is not representative of the entire country’s population. The majority of participants were white, making it hard to draw conclusions about other races. Further, this was a volunteer population of participants so referral bias cannot be excluded. The subjects may represent a biased, health-conscious group who wanted cardiovascular evaluation despite being ”healthy”. The cross-sectional nature of this study prevents us from obtaining information such as progression of CAC and the long-term mortality of this low-risk population. 
Conclusions:
Among a low-risk sample (FRS<7.5%), traditional risk factors (age, total cholesterol level, HDL cholesterol, systolic BP, 24 hour ambulatory BP, race, smoking status) were not associated with presence of CAC or presence of advanced CAC. Female sex was the only demographic associated with presence of advanced CAC in low-risk persons. More research is needed to verify these findings and to clarify the role of other biomarkers in the development of CAC.


TABLES:
	Table 1. Baseline Characteristics Across FRS Stratification

	
	Total
(n=420)
	Low-Risk
(FRS <7.5%)
(n=250)
	Moderate/High Risk
(FRS >=7.5%)
(n=170)

	Age (SD)
	47.9
	44.0 (10.1)
	53.7 (12.3)

	Total Cholesterol (SD)
	203
	196.1 (36.5)
	205.3 (37.8)

	HDL (SD)
	199.7
	58.6 (18.7)
	54.9 (16.1)

	Systolic BP (mmHg)
	122.1
	120.3 (9.9)
	127.1 (13.0)

	Diastolic BP (mmHg)
	80.9 (8.7)
	80.7 (8.1)
	81.2 (10.1)

	24 hr Ambulatory BP (SD)
	138.1 (13.7)
	137.8  (14.5)
	138.4 (12.5)

	Mean FRS (SD)
	6.3 (6.0)
	3.5 (1.9)
	14.5 (6.2)

	Race 
	
	
	

	White
	314 (74.8%)
	178 (71.2%)
	136 (80.0%)

	Black
	90 (21.4%)
	60 (24.0%)
	30 (17.7%)

	Asian
	11 (2.6%)
	9 (3.6%)
	2 (1.2%)

	Other
	5 (1.1%)
	3 (1.2%)
	2 (1.2%)

	Sex 
	
	
	

	          Male
	183 (43.6%)
	88 (35.2)
	95 (55.9)

	          Female
	237 (56.4%)
	162 (64.8)
	75 (44.1)

	Smoking
	30 (7.2)
	11 (4.4%)
	19 (11.2%)

	BMI (SD)
	29.2 (6.3)
	29.4 (6.3)
	28.9 (6.2)

	Urinary Albumin:Creatinine Ratio (mg/g) (SD)
	8.1 (60.0)
	6.0 (47.4)
	11.3 (75.3)

	No CAC
	236
(56.2%)
	164 (65.6%)
	72 (42.4%)

	Any CAC Present
(CAC>0)
	184 (43.8%)
	86 (34.4%)
	98 (57.7%)

	Advanced CAC Present 
(CAC>=400)
	110 (26.1%)
	55 (22.0%)
	55 (32.4%)











	Table 2. Characteristics of Low-Risk (FRS<7.5%) Population by Presence of CAC

	
	No CAC
(=0)
(n=164)
	CAC
(>0)
(n=86)
	P-value

	Age (SD)
	43.6 (10.2)
	44.9 (10.1)
	0.29

	Total Cholesterol (SD)
	196.3 (36.0)
	195.7 (37.8)
	0.45

	HDL (SD)
	58.5 (19.3)
	58.7 (17.6)
	0.52

	Systolic BP (SD)
	120.8 (9.4)
	119.4 (10.6)
	0.14

	Diastolic BP (SD)
	81.0 (8.0)
	80.3 (8.3)
	0.24

	24 hr Ambulatory BP (SD)
	137.6 (13.6)
	138.3 (16.1)
	0.81

	Urine Albumin:Creatinine Ratio (mg/g)
(SD)
	3.6 (13.8)
	10.5 (78.8)
	0.56

	Mean FRS (SD)
	3.5 (1.9)
	3.6 (2.0)
	0.58

	Race (%)
	
	
	0.31

	White
	116 (70.7%)
	62 (72.1%)
	

	Black
	41 (25.0%)
	19 (22.1%)
	

	Asian
	4 (2.4%)
	5 (5.8%)
	

	Other
	3 (1.8%)
	0 (0.0%)
	

	Sex (%)
	
	
	0.53

	Male
	60 (36.6%)
	28 (32.6%)
	

	Female
	104 (63.4%)
	58 (67.4%)
	

	Smoking (%)
	5 (3.1%)
	6 (7.0%)
	0.15

	BMI (SD)
	29.6 (6.3)
	29.2 (6.3)
	0.55














	Table 3. Characteristics of Low Risk (FRS<7.5%) Population by Presence of Advanced CAC

	
	Not Advanced CAC
(<400)
(n=195)
	Advanced CAC
(>= 400)
(n=55)
	P-value

	Age (SD)
	44.5 (10.1)
	42.6 (10.3)
	0.17

	Total Cholesterol (SD)
	196.8 (36.6)
	193.9 (36.7)
	0.70

	HDL
	58.0 (18.6)
	60.7 (19.2)
	0.34

	Systolic BP
	120.4 (9.3)
	120.1 (11.6)
	0.43

	Diastolic BP
	80.6 (7.9)
	81.1 (1.2)
	0.66

	24 hr Ambulatory BP
	137.6 (14.3)
	138.7 (15.0)
	0.47

	Mean FRS
	3.7 (1.9)
	3.1 (2.0)
	0.03

	Urinary Albumin:Creatinine (mg/g)
	7.0 (53.7)
	2.3 (5.3)
	0.82

	Race 
	
	
	0.58

	White
	141 (72.3%)
	37 (67.3%)
	

	Black
	45 (23.1%)
	15 (27.3%)
	

	Asian
	6 (3.1%)
	3 (5.5%)
	

	Other
	3 (1.5%)
	0 (0%)
	

	Sex 
	
	
	0.04

	Male
	76 (38.5%)
	13 (23.6%)
	

	Female
	120 (61.5%)
	42 (76.4%)
	

	Smoking
	6 (3.1%)
	5 (9.1%)
	0.06

	BMI
	29.7 (6.3)
	28.6 (6.1)
	0.23





SYSTEMATIC REVIEW 
Title: The Ability of the Coronary Artery Calcification Score to Predict Coronary Heart Disease Events: A Systematic Review
Abstract: 
Background: Primary prevention of cardiovascular disease is important for patients who are at high risk for cardiac events. The Coronary Artery Calcification (CAC) Score has been proposed as a method of predicting future coronary heart disease events. However, amount of CAC that is strongly predictive for these events is still debated. 
Methods: I systematically search through electronic databases for relevant articles published after January 1, 2003. I included studies that measured coronary artery calcium score by electron beam computed tomography in asymptomatic subjects with primary outcomes of all-cause mortality and coronary events and associated hazard ratios and relative risks. 
Results: There were 4 studies that met inclusion criteria. These studies revealed a dose-response relationship between the amount of coronary artery calcium and the likelihood of a cardiac event or death. A coronary artery calcium score of >400 was strongly predictive of a CHD event or death with a hazard ratio between 4.25 and 5.78 (95% confidence interval: 2.06-11.16) Hazard ratios for each category of coronary calcium score (0, 1-100, 100-400, >400) differed greatly between categories. This heterogeneity may be accounted for by differing measurements of cardiac risk factors, patient blinding, proportion of Caucasian participation and proportion of female participants. Despite the differences in hazard ratios, the dose-response relationship between coronary artery calcium and cardiac events was preserved.
Conclusion: CAC score is positively correlated with an increase in cardiac events and death.

Introduction:
Many guidelines currently exist that focus on lowering a patient’s coronary heart disease (CHD) risk using medications such as statins and aspirin.32 However, predicting which patients will go on to develop CHD events is still difficult, especially in Caucasian populations. Of the patients deemed at high risk, only 2% will go on to develop a coronary event over 10 years.2 More effective assessment of CHD risk is necessary, and may improve the cost effectiveness of primary prevention efforts. 
The coronary artery calcification (CAC) score can be used to estimate cardiovascular events and may provide information beyond the traditional cardiac risk factors.33 Electron beam computed tomography (EBCT) allows for high resolution, quantitative images of calcifications within the coronary arteries to be rapidly acquired.34 These scans cost approximately $400 to $500 per person and use radiation doses as low as 0.6 mSv (compared with cardiac catheterization which uses 2 mSv). Since EBCT is non-invasively able to detect calcified plaque within the coronary artery, it may be a good predictor for identifying future CHD events. 
Several cohort studies have tried to assess whether CAC score can accurately predict CHD events. These studies have reported that higher CAC scores are associated with higher risks of events. However, the amount that a CAC score predicts the relative risk of cardiac events is still contested. The objective of this study was to determine whether a CAC score provides prognostic information about all-cause mortality and CHD events in asymptomatic people over a follow-up period of at least 5 years. 



Methods:
Protocol and registration: Currently no protocol exists for assessing the relative risk for detecting CHD events from a CAC score
Eligibility criteria/Study Selection: I included studies of asymptomatic people without comorbidities that contributed significantly to mortality. CAC measurement had to be performed by non-contrast electron beam computed tomography (EBCT) and quantified by Agatston score (scale: 0-1000+). I only used studies which reported outcomes as hazards ratios or relative risks and further stratified their results across categories of CAC scores. Studies that compared CAC scoring to other methods of screening such as the Framingham Risk Calculator or coronary computed tomography angiogram were excluded. Only studies which evaluated all-cause mortality or CHD events were included. Intermediate outcomes such as silent myocardial infarction, ventricular function and subclinical atherosclerosis were excluded. I also excluded studies which further stratified the hazard ratio of CAC by an additional category such as age, gender, hypertension or diabetes status for ease of comparison. Editorials, other reviews and cross-sectional studies were also excluded.  I only included studies after 2004 because a previous review about this topic was published in 2004, and the purpose of this article is to summarize new data since then. The PICOTS table for my inclusion and exclusion criteria is displayed in Table 4.
Information Sources/Search:  I searched Pubmed MEDLINE and EMBASE for articles published after January 1, 2004. For PubMed I used the following search strategy: ((((“prognostic” OR “risk assessment”[MESH] OR “risk”[MESH] OR “disease progression” [MESH] OR “predict” OR “predictive” or “Predictive Value of Tests” [MESH]) AND (“CAC” OR “Coronary Artery Calcification” OR “Coronary Artery Calcifications” OR “Agatston” OR “Coronary Artery Testing” OR “Coronary Artery Calcium Scoring” OR “coronary artery calcium” OR "Coronary Artery Disease/radiography"[MeSH Terms] OR “Tomography, X-Ray Computed” [MESH]) AND (“Asymptomatic” OR “silent” OR “subclinical”) AND (“Adult”) AND (“Coronary heart disease events” OR “coronary heart disease” OR “myocardial ischemia” OR “myocardial infarction” OR “Coronary Artery Disease/mortality”[MESH Terms] OR “mortality”) NOT (“end stage renal disease” OR “dialysis” OR “hemodialysis” OR “aortic calcification” OR “aortic calcium” OR “renal artery” OR “aortic valve calcification”)))) AND ("2004"[Date - Publication] : "3000"[Date - Publication]). Abstracts and titles were scanned and eliminated if inclusion criteria were clearly not met. When unclear, studies were reviewed in full. Studies to which I did not have access to were also excluded. Clinicaltrials.gov displayed a total of 164 studies on preliminary search. After elimination by title, only 3 studies remained. None of the 3 completed studies in clinicaltrials.gov had results, so information from this search will not be used in the meta-analysis. 
Data Collection process: Data were extracted from the studies manually including population characteristics (demographics, CHD risk factors), the EBCT used (slice thickness), follow-up protocol (follow-up time, method, proportion lost to follow-up), outcomes (types and definitions of CHD events, event ascertainment and verification) and blinding of physicians and patients to the CAC score. 
Risk of Bias in Individual Studies: Studies were assessed individually at the outcome level to determine internal and external risk of bias. This information was taken into account when synthesizing summary data at the end of the study. 
Summary measures: The principal summary measure is either the relative risk or the hazard ratio obtained from a cox proportional hazards model. The hazard ratio was only used from studies that did not further stratify hazard ratios. 
Synthesis of Results: No study results were further combined. However, if multiple studies were found that used the same original data set, then the study which provided the most usable and extractable information was used. 
 Risk of bias across studies: Cumulative evidence was not affected by any known risk of bias. However, it has been documented that patients who are told their CAC score are more likely to adhere to lipid-lowering therapies and lifestyle changes. Data suggests that Framingham risk scores are lower after 4 years in people that were CAC screened than in people that were not CAC screened.35 This known bias may lower the predictive influence of CAC score on mortality and CHD events. 
Additional Analyses:  No other additional forms of analyses were used on this data. 



Results:
Study Selection: I identified 548 studies from PubMed and Embase that met my preliminary search criteria. I eliminated 107 duplicate articles, 345 studies based on title, and 73 studies based upon title and abstract. Upon full examination of the remaining articles, I eliminated editorials, other reviews, studies that did not assess asymptomatic patients, and studies that tested populations with comorbidities that significantly limited longetivity. I further eliminated studies that studied CAC progression as the exposure instead of absolute CAC value, studies that did not present hazard ratios with stratified CAC scores and studies that used the presence of CAC as a binary exposure. This left 22 articles for consideration. Last, I eliminated studies that reported hazards ratios that were further stratified by other risk factors such as ethnicity, family history, Framingham risk score, gender or smoking status for ease of comparison across studies. Instead, I only included papers that reported hazard ratios that were adjusted for these risk factors. (Figure 1)
Study characteristics:  Four studies met all inclusion criteria.33,36–38 All studies were prospective, cohort studies. One of the studies, Budoff et al (2013), presented data from two different prospective study populations, the Multi-Ethnic Study of Atherosclerosis (MESA) and the Heinz Nixdorf RECALL (Risk Factors, Evaluation or Coronary Calcium and Lifestyle Factors) study (HNR).  I extracted the two sets of data from this paper and presented it as two separate study cohorts. For ease of interpretation, I will refer to each cohort as the MESA cohort and the HNR cohort respectively. 
The characteristics of each study are show in Table 5 below.  Overall, there were differences in the number of study subjects, types of CHD events recorded, method used to obtain cardiac risk factor information, and time of follow-up. Studies also differed in whether they adjusted hazard ratios for known risk factors and selection of which risk factors to adjust for. As shown in Table 5, primary outcomes differed across studies; some examined all-cause mortality while others looked at CHD death and CHD events (MI, resuscitated cardiac arrest). The mean age was similar across all studies except Greenland et al. (2004), which had a slightly older cohort. Greenland et. al also had a strongly male cohort (91%). Representation of non-white races varied across studies. Specifically, the two cohorts within Budoff et. al (2013), MESA and HNR, included exclusively white populations. 
Risk of Bias within studies:
The Budoff et. al 2007 study obtained all its cardiac risk factor data (age, smoking status, diabetes, history of coronary heart disease, hypertension, hypercholesterolemia) through a self-report questionnaire that was given to participants. These values were not verified through a clinic visit. Further, risk factors were used as binary inputs (high cholesterol vs. normal cholesterol) and not as continuous variables. Patients may have over-reported or under-reported their risk factor data which may have lessened the predictive ability of CAC on end outcomes. Further, patients were enrolled in this study if they were referred from their PCP to get a scan to assess their cardiovascular risk. This may introduce selection bias either because physicians may be more likely to send patients who have a higher cardiovascular risk, or because patients who follow up with the scan are more interested in their cardiac health than other patients. This may cause the association between CAC score and death to be inflated. 
The Greenland et al. 2004 study and the Shaw et. al 2015 study both reported unadjusted CAC hazard ratios. In the Greenland study, all the patients had at least 1 coronary risk factor. Thus, these hazard ratios might overestimate the ability of CAC to gauge CHD events in the general population. Last, the Shaw et. al 2015 cohort was all obtained from one outpatient cardiology center to which all patients were referred. This limits the study population to patients who are close to the clinic, have adequate time and transportation to attend clinic appointments, presumably have valid insurance and presumably of a similar socioeconomic class since they are in the same geographic location. This may not be representative of the entire population.
Risk of bias across studies:
[bookmark: _GoBack]Blinding of patient to CAC score: The studies differed in whether they informed patients of their CAC score after screening. Patients in the HNR cohort were not informed of their CAC score while patients in the Greenland et. al 2004, Shaw et. al 2015 and Budoff et. al 2007 cohorts were informed. The MESA cohort informed both patients and their physicians of CAC scores. Previous studies have indicated that participants who are informed of their higher Agatston Scores are likely to have higher adherence to their lipid lowering medications and lifestyle modifications.35 The CAC scores were more predictive of CHD events in the HNR study when patients were not informed of their scores than in the MESA study. This is consistent with the hypothesis that patients who are informed of their scores are more likely to alter their risk factor habits, but the sample sizes are too small for this statement to be conclusive.37 This bias may have led to a reduced ability for CAC scores in the MESA, Greenland, Shaw and Budoff (2007) cohorts to detect CHD events in comparison to the HNR cohort. 
CHD event ascertainment: Both Budoff et. al 200736 and Shaw et. al 201533 used all-cause mortality as their primary endpoints and verified deaths through the National Death Index (NDI). Deaths from the National Death Index may lag,33 and thus the total number of true deaths may be under-reported. This bias might result in hazard ratios which underrepresent the strength of an association.  
Ethnicities: All cohorts studied had a limited percentage of nonwhites (<15%). Moreover, the MESA and HNR cohorts analyzed only used Caucasian participants. Thus, the findings from this study may have limited applicability with more ethnic diversity. 
Results of Individual studies: After adjusting for known CHD risk factors, the risk for CHD events incrementally increased relative to the amount of coronary calcification. The hazard ratios for the different categories of CAC scores varied significantly across studies. Comparison of CAC score hazard ratios between studies was complicated by different categorization of CAC scores. For example, Budoff et. al 2007 used CAC categories of 0, 1-10, 11-100, 101-399,400-699,700-99, >1000 while the MESA cohort used CAC categories of 0, 1-99,100-399, and >400. Four cohorts determined that a CAC score of >400 was significantly correlated with an increased risk of all-cause mortality or CHD event while one study did not. Two studies reported unadjusted hazard ratios for CAC score which showed a statistically significant incremental benefit of CAC score when greater than 100. The incremental benefit of CAC score was preserved after risk-adjustment in 2 out of the 3 risk-adjusted models. For the HNR cohort and Budoff 2007 cohort, a CAC score >400 was associated with a an approximately 4 times (HR:4.25; 0.88-4.96) greater likelihood of CHD event and 5 times (RR: 5.78; 3.00-11.16) greater likelihood of all-cause mortality. All the pertinent results from the five cohorts are documented in Table 6.
Additional analysis: No additional analyses were done to the raw data. 
Discussion:
Summary of evidence: There is a dose-response relationship between amount of CAC and the likelihood CHD event or death. The relative risks associated with CAC scores incrementally increase even after adjustment for known cardiac risk factors. The presence of CAC score>400 is a strong predictor for CHD event or all-cause mortality in four out of five studies (HR: 4.25-5.78). These findings are consistent with the previous meta-analysis.2 
Limitations: The limitations of this study are that it did not adjust and standardize all obtained hazard ratios so they could be reported across the same categories. This made hazard ratios difficult to compare across studies. Also, the Budoff et. al 2007 reported relative risks which were not converted into hazard ratios. Thus, these values may not be adequately comparable to the hazard ratios from other studies. Further, this analysis only included studies that reported outcomes in relative risks and hazard ratios. If odds ratio data and raw outcomes data could have been extracted and adjusted into hazard ratios (as was done in the previous meta-analysis) more studies could have been included in this analysis. 
Second, this study analyzed studies with a largely Caucasian populations. Thus, these results may not be generalizable to ethnic populations. Third, the studies analyzed were all prospective, cohort studies. Thus, this meta-analysis can only assess for associations between CAC scores and events and does not have the power to determine causality. This limitation is especially pronounced in the two studies which used all-cause mortality as the primary outcome. It is unknown if the cause of death in those patients is cardiac or non-cardiac and thus may be irrelevant to CAC scoring. 
Fourth, the study populations used in these studies are not completely comparable. One study analyzed a population of people with at least one coronary risk factor, while the other studies analyzed a broader population with no risk factors. This may have led to some hazard ratios for some studies being inflated over others. Lastly, this study is that it does not address the clinical benefit of coronary artery calcification score or take into account societal factors such as the cost of the scan, radiation delivered by each image or the inconvenience of using an EBCT scan as part of a screening tool for cardiac outcomes. Last, this study was limited to only English studies, so data from non-English papers were missed.
Conclusions: Increasing coronary atherosclerosis is a strong and independent predictor of future cardiac events. CAC provides prognostic information in the prediction of all-cause mortality and hard coronary events such as fatal and non-fatal myocardial infarction. The exact amount that the hazard ratio increases with increasing CAC levels is still uncertain. Further research should be done to address the incremental benefit of CAC score over the Framingham risk score, or whether CAC score can be incorporated into the Framingham Risk Calculator for a better mortality and CHD event predictive equation. Also, the benefits of CAC screening should be better quantified so that it can be determined whether exposing larger populations of asymptomatic people to CT radiation has a net benefit to the cardiovascular health of patients. 
Funding: There was no external funding for this systematic review. 










	Figure 1. PRISMA Flow Diagram
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	Table 4. PICOTS Table for Inclusion and Exclusion Criteria

	
	Inclusion
	Exclusion

	Population
	Asymptomatic patients with no baseline coronary disease (Diabetes accepted as a co-morbid condition)
	End-stage renal disease patients
Leukemia patients

	Intervention/Exposure
	Non-contrast Electron Beam Computerized Tomography (EBCT)
	Coronary computed tomography angiogram (CCTA)
Single Photon Emission Computed Tomography (SPECT)

	Comparison Intervention
	Only use studies that compare CAC screening to no CAC screening
	Studies that compared to Framingham Risk Score or other methods of screening 

	Outcomes
	Measure: Hazard ratio or relative risk

Primary outcome:
All-cause mortality
CHD events

	Measure: Odds ratio

Primary outcome: Silent MI, Progression of CAC, LVEF, Subclinical atherosclerosis


	Timing
	Studies published after 2004
Follow-up time of at least 5 years
	Studies published before 2004
Follow-up time less than 5 years

	Study Design
	Observational, prospective cohort studies
	Cross-sectional studies, editorial reviews












	Table 5. Characteristics of Studies used in the Meta-Analysis

	
	Type of Study
	Subjects, age±SD, %nonwhite, %female
	Follow up mean yrs ±SD,
 % completed
	No. of events, types of events
	CHD risk factors assessment (Method of Assessment)*

	Budoff  et al. 200736
	Prospective, cohort 
	N=25,253
56 ± 11
33%nonwhite
46%female

	6.8±3, 100%
	510 deaths (all-cause)
	Age(history), Smoking(history, categorical), Diabetes(history, categorical), History of coronary disease (history, categorical), hypertension (history, categorical), hypercholesterolemia (history, categorical)

	Budoff et. al 201337  (MESA cohort)
	Prospective, cohort 
	N=2232
59.8±8.5
0%nonwhite
52%female

	5, 99%
	44 Hard CHD (MI, resuscitated cardiac arrest, CHD death)
64 Hard CVD (hard CHD + stroke)
	BMI(direct, continuous), HDL(direct, categorical), LDL(calculated, categorical), Blood pressure (direct, categorical), smoking (history, categorical)



	Budoff et. al 201337 (HNR cohort)
	Prospective, cohort study
	N=3126
58.5±7.6
0%nonwhite
53%female
	5, 99%
	60 Hard CHD 
100 Hard CVD
	BMI(direct, continuous), HDL(direct, categorical), LDL(direct, categorical), blood pressure(direct, categorical), smoking(history, categorical)

	Greenland et. al 200438
	Prospective, cohort 
	N=1461
65.7±7.8
15%nonwhite
9.9%female
Only used patients with >1 coronary risk factor
	6.3± 1.5, 87.5%
	84 nonfatal MI or CHD death
	Smoking(history), sex, family history(history), blood pressure (direct), total cholesterol (direct), HDL(direct), LDL (direct), triglycerides (direct), BMI (direct), EKG (direct)

*Reported Unadjusted Hazard Ratios

	Shaw et. al 201533
	Prospective, cohort
	N=9715
? mean age
14%nonwhite
41%female
	14.6±1.7, 100%
	936 deaths (all-cause)
	Age, Hypertension (history) diabetes (history) hypercholesterolemia (history) family history of CHD (history)

*Reported Unadjusted Hazard Ratios


*Assessment of CHD risk factors was considered “direct” if actual measurement was taken and/or by history if patients were asked about their history or medication use. If the variable was included in the multivariate model, it is indicated if it was used as a “categorical” or “continuous” variable. 
	Table 6. Synthesis of Results for Individual Studies

	
	Budoff  et al. 200736
	Shaw et. al 201533
	
	Budoff et. al 201337  (MESA cohort)
	Budoff et. al 201337 
(HNR cohort)
	
	Greenland et. al 200438

	CAC Score
	Relative Risk
	p 
value
	Unadjusted HR
	p
value
	CAC Score
	Adjusted HR
	P value
	Adjusted HR
	p Value
	CAC Score
	Unadjusted HR
	P value

	0
	Reference
	---
	Reference
	---
	0
	Reference
	---
	---
	---
	0
	Reference
	---

	
	
	
	
	
	
	
	
	
	
	
	
	

	1-10
	1.48 (0.71-3.07)
	0.29
	1.68
	<0.001
	
1-99
	1.73(0.83-3.63)
	
0.145
	1.24(0.63-2.43)
	0.53
	1-100
	1.5 (0.7-2.9)
	0.26

	11-100
	3.61 (2.11-6.18)
	<0.0001
	2.91
	<0.001
	
	
	
	
	
	
	
	

	101-399
	3.84 (2.20-6.68)
	<0.0001
	4.52
	<0.001
	100-399
	1.93(0.86-4.36)
	0.113
	1.71(0.82-3.58)
	0.15
	101-300
	2.1 (1.0-4.3)
	0.05

	
	
	
	
	
	
	
	
	
	
	
	
	

	400-699
	5.78 (3.00-11.16)
	<0.0001
	5.53
	<0.001
	>400
	2.9(0.88-4.96)
	0.096
	4.25(2.06-8.75)
	<0.001
	>300
	3.9 (2.1-7.3)
	<0.001

	700-999
	6.47 (3.37-12.43)
	<0.0001
	
	
	
	
	
	
	
	
	
	

	>1000
	9.36 (5.36-16.33)
	<0.0001
	6.26
	<0.001
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