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eMethods. 

Cohorts  

We included women from five cohorts: the Dallas Heart Study (DHS), the Framingham Heart Study (FHS), the Heinz Nixdorf Recall (HNR) study, the Multi-

Ethnic Study of Atherosclerosis (MESA), and the Rotterdam Study (RS). Details of each of the study designs have been previously published.  

The DHS is a single-site, multiethnic probability-based cohort that consists of 6,101 participants aged 18-65 years.
1
 The study was designed specifically to 

understand racial/ethnic differences in cardiovascular disease. Race/ethnicity was determined by subject self-report following from the same structured list of 

categories used in the Third National Health and Nutrition Examination Survey. For the present analysis, we included the subset of participants who underwent 

phlebotomy and CAC scanning at the baseline examination (N = 2,743). Five blood pressure measurements were taken in the seated position using an automatic 

oscillometric device (Series #52,000, Welch Allyn,Inc., Arden, North Carolina) using an appropriately sized cuff by trained individuals, and the average of the 

third to fifth measurements was used.  Blood collected from all participants at baseline via venipuncture was placed into EDTA tubes, stored at 4ºC for less than 

4 hours and centrifuged, and plasma was removed and stored at -70ºC.  Plasma lipids, glucose, and creatinine were measured using standard techniques. High 

sensitivity C-reactive protein (CRP) measurements were performed on thawed specimens using the Roche/Hitachi 912 System, Tina-quant® C-Reactive Protein 

(latex) assay, (Roche Diagnostics, Indianapolis, IN), a latex enhanced immunoturbidimetric method. Diabetes was defined as a fasting glucose ≥ 126 mg/dL, 

non-fasting glucose ≥ 200mg/dL, or the previous diagnosis of diabetes mellitus coupled with the use of any glucose lowering medication. Family history of 

premature CHD was based on self-report information and was defined as a first-degree relative with myocardial infarction (MI) before age 50 for men or 55 for 

women.   

The FHS began in 1948 by recruiting an Original Cohort of 5,209 men and women between the ages of 30 and 62 from the town of Framingham, Massachusetts, 

who had not yet developed overt symptoms of cardiovascular disease (CVD) or suffered a heart attack or stroke. Since that time the Study has added an 

Offspring Cohort in 1971, the Omni Cohort in 1994, a Third Generation Cohort in 2002, a New Offspring Spouse Cohort in 2003, and a Second Generation 

Omni Cohort in 2003.
2,3

 The current study was conducted in 3,483 participants recruited into a multidetector computed tomography scan (MDCT) study from 

June 2002 through April 2005, including 1,390 Offspring participants and 2,093 Third Generation participants. Serum creatinine was measured using the 

modified Jaffe method. Total and high-density lipoprotein (HDL) cholesterol were determined on fasting blood samples, using methods standardized by the Lipid 

Research Clinics Program. Glucose was also measured on fasting blood samples. CRP level was measured for each participant with a Dade Behring BN100 

nephelometer (Deerfield, IL) on fasting morning serum samples. Blood pressure was determined in the left arm by a sphygmomanometer in subjects who had 

been seated for at least five minutes; two measurements were taken by the same physician and the average was used for analysis. Adult onset diabetes was 

defined as a fasting glucose ≥ 126 mg/dL at a Framingham examination or treatment with either insulin or a hypoglycemic agent. Participants were considered to 

be current smokers if they smoked at least one cigarette per day for the last year. Family history of premature CHD was based on the parental occurrence of 

CHD/CVD file and was defined as the occurrence of a CHD event in at least one parent with the onset <65 years in the mother or <55 years in the father. 

The HNR study recruited 4,814 participants aged 45-75 years in 2000-03 from the metropolitan Ruhr area in Germany.
4
 Among the overall cohort, 4,129 

participants, free of prior cardiovascular disease, had complete data on risk factors, coronary calcium, and outcomes. Trained technicians obtained three resting 

blood pressure measurements with each participant in the sitting position and the mean of the second and third value was recorded. Standardized enzymatic 

methods were used to determine serum low-density lipoprotein (LDL) and HDL cholesterol as well as creatinine levels. Diabetes was defined as a history of 

diabetes, being on medical treatment, or based on fasting/non-fasting serum levels.
5
 Smoking history was classified in current and former smokers and no history 
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of smoking with current smoking defined as a history of smoking within the last year.
6
 High-sensitivity CRP was measured using a standardized assay (Roche 

Diagnostics, Basel, Switzerland). A family history of premature CHD was defined as premature nonfatal or fatal CHD diagnosis in a first degree relative. A CHD 

event was considered premature if it occurred before the age of 55 in men and before 65 in women. In HNR, there is an increased rate of subjects with unknown 

biological parents due to world war II.
7
 Therefore, for calculation of frequency of family history of premature CHD, subjects with no information on biological 

parent were excluded.   

MESA recruited 6,814 men and women in 2000-2002 from six different communities: Chicago, IL; Minneapolis, MN; Baltimore, MD; Los Angeles, CA; New 

York, NY; Forsyth County, NC. Participants were aged 45-84 years, free of clinical cardiovascular disease and from four self-identified ethnic groups: 38% 

white, 28% black, 22% Hispanic, and 12% Chinese.
8
 Race was self-identified in MESA as white, black, Hispanic, or Chinese. The reason for doing this was to 

assess the role of race/ethnicity in subclinical atherosclerosis, a primary goal of MESA. Resting blood pressure was measured 3 times with a Dinamap Pro 1000 

automated oscillometric sphygmomanometer (Critikon, Tampa, Florida) with the participant in a seated position, and the mean of the last two measurements was 

used. Blood samples were obtained after a 12-hour fast and analyzed for lipid measures and glucose. Medication use was determined by self-report. Diabetes 

mellitus was defined as fasting blood glucose >126 mg/dl or use of oral hypoglycemic agents. Current smoking was defined as cigarette smoking within the past 

30 days. Detailed family history was obtained from 5099 individuals (75% of all MESA participants) by questionnaire at the second evaluation (July 2002 to 

January 2004). Individuals were asked whether they had any first-degree relative who had experienced fatal or nonfatal MI, received coronary angioplasty, 

and/or undergone coronary bypass surgery. Premature family history was defined as any of these events occurring before the age of 55 years in a male relative 

and before the age of 65 years in a female relative; events occurring after these respective age cutoffs were considered late-onset CHD. Individuals were 

excluded if they were not able to provide information regarding CHD events in first-degree relatives. 

The RS is a prospective cohort study ongoing since 1990 in the city of Rotterdam in The Netherlands. The cohort has been extended twice (in 2000 and in 2006). 

By the end of 2008, the RS comprised 14,926 subjects aged 45 years or over.
9
 The current study used data from the third and fourth visits of the original cohort 

(RS-I) and the first and second visits of the extended cohort (RS-II) in which measurement of coronary artery calcification were available. Blood pressure was 

measured at the right brachial artery with a random-zero sphygmomanometer with the participant in sitting position, and the mean of 2 consecutive 

measurements was used. Serum glucose and serum total and HDL cholesterol levels were measured with standard laboratory techniques. Diabetes mellitus was 

diagnosed on the basis of a fasting plasma glucose level of ≥7.0 mmol/L (≥126 mg/dL), or non-fasting plasma glucose levels of ≥11.1 mmol/L (≥200 mg/dL) in a 

small group of participants, or use of blood glucose lowering medication. Serum creatinine levels were measured by using an enzymatic assay (Roche 

Diagnostics, Mannheim, Germany), which was calibrated by isotope dilution mass spectrometry. Because creatinine measurements can vary across laboratories, 

we calibrated our measures. Levels of CRP were measured by using a nephelometric method with the rate near infrared particle immunoassay (Immage 

Immunochemistry System; Beckman Coulter). Family history of MI was defined as a self-reported history of MI occurring before the age of 65 in first degree 

family members. 

In all cohorts, age, race, smoking status, medication use, family history of premature CHD, and socioeconomic factors were obtained by self-report. The body-

mass index (BMI) was calculated as the weight in kilograms divided by the height in meters squared. The glomerular filtration rate was estimated (in mL/min per 

1.73 m
2
) as: 186 x [serum creatinine (in mg/dL) 

-1.154
 x age 

- 0.203
 x 0.742 (if female)]. Chronic kidney disease was defined as estimated glomerular filtration rate 

of less than 60 mL/min per 1.73 m
2
. 

Coronary Artery Calcium Scan  
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We used data from the coronary artery calcium (CAC) scan at year 0 for each cohort. In all cohorts, CAC severity was quantified using Agatston units and the 

protocols have been previously described in detail.   

In the DHS, two consecutive electron-beam computed tomography (EBCT) scans were performed 1-2 minutes apart for measurement of CAC using a Imatron C-

150XP scanner ( Imatron Inc., San Bruno, California).
10

 The protocol involved 30 cm FOV, 512 matrix, sharp reconstruction kernel and a 3-mm slice with a table 

increment of 3 mms. Beginning at the level of the carina, sufficient slices were acquired to span the heart during a single inspiratory breath-hold. The data were 

analyzed in a separate workstation (NeoImagery Industries, City of Industry, California). A focus was defined as a region of three or more contiguous voxels 

with a computed tomography (CT) number 130 HU. Scans were read blinded by a single individual and under supervision of a trained cardiologist/radiologist.  

Only foci within the coronary arteries were scored. Results were expressed in Agatston U, as the average of the two scans. The data underwent standard quality 

control procedures and the final CAC scores were entered into a locked database version which were used in the present study. The authors in the present study 

were not involved in the review and calculation of the CAC scores from the images. 

FHS participants were imaged on an 8-slice MDCT scanner (LightSpeed Ultra, General Electric, Milwaukee, WI) using established non-contrast imaging 

protocols for the heart (slice thickness 1.25 mm) and the abdomen (slice thickness 2.5 mm) aided by landmarks identified in an initial scout film.
11

 Cardiac CT 

scanning was performed during breath hold with the acquisition triggered to the cardiac cycle resulting in diastolic images.
12

 The effective radiation exposure 

was 1.0-1.25 mSv imaging of the heart.
11 

Authors of the present study supervised the conduct of all imaging, review of all images and calculation of the CAC 

scores.   

In the HNR study, CAC was assessed at the baseline examination using a nonenhanced EBCT scanner (C-100 or C-150 scanner, GE Imatron, San Francisco, 

California).
13 

The scans were operated in the single-slice mode with an image acquisition time of 100 ms. A slice thickness of 3 mm was chosen. Prospective 

ECG-triggering was done at 80% of the R–R interval. At least four contiguous pixels with a CT density ≥130 Hounsfield Units were used to define an area of 

CAC. The total CAC-score was computed, comprising all calcified lesions in the coronary system. Analyses were performed using a Virtuoso workstation 

(Siemens Medical Solutions, Forchheim, Germany). CT scans were performed as part of the HNR study and CAC-scores were  measured by study investigators, 

blinded to the subject’s risk factor profile. 

MESA assessed CAC using a cardiac-gated EBCT scanner (Chicago, Illinois; Los Angeles, California; New York, New York) or a multidetector computed 

tomography scanner (Baltimore, Maryland; Forsyth County, North Carolina; Minneapolis, Minnesota). All scans were interpreted at a centralized reading center 

(Los Angeles Biomedical Research Institute at Harbor UCLA, Torrance CA).
14

 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). The mean Agatston score for the 2 scans was used in all analyses. CAC values were obtained from 

the MESA database for this study and were not reviewed again for this analysis. 

In RS, CAC was measured in the epicardial coronary arteries using an EBCT with a C-150 Imatron scanner (GE-Imatron, San Francisco, California) in the third 

visit of the original cohort (RS-I) and the first visit of the extended cohort (RS-II).
15

 Participants exercised adequate breath-holding before the scan. 38 images 

were obtained from the level of the root of the aorta through the heart with 100-ms scan time and 3-mm slice thickness. Images were acquired at 80% of the 

cardiac cycle, using electrocardiogram triggering, during a single breath-hold. Quantification of CAC was performed with AccuImage software (AccuImage 

Diagnostics Corporation), displaying all pixels with a density above 130 Hounsfield Units (HU). A calcification was defined as a minimum of 2 adjacent pixels 

with a density over 130 HU.
15

 CAC was assessed by a 16-slice or 64-slice MDCT scanners (SOMATOM Sensation 16 or 64, Siemens, Forcheim, Germany) in 
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the fourth visit of the original cohort (RS-I) and the second visit of the extended cohort (RS-II).
16

 The cardiac scan reached from the apex of the heart to the 

tracheal bifurcation. Atherosclerotic calcification was identified based on a threshold of 130 HU, using dedicated software (Syngo Calcium Scoring, Siemens, 

Forcheim, Germany). Calcification was quantified with the Agatston score using dedicated software (syngo Calcium Scoring, Siemens, Forcheim, Germany). 

The total score per vascular bed was calculated by adding the scores of all lesions in that bed. The estimated radiation dose was up to 2.1 millisievert (mSv) for 

the cardiac scan. In the minority of persons with a heart rhythm disorder, cardiac scans required somewhat higher dosages (up to 4.1 mSv). Inter- and intra-

observer variability was excellent (intra-class correlation coefficient was >0.99 for CAC).
16

 CAC values were obtained from the RS database for this study and 

were not reviewed again for this analysis. One author of the present study had supervised the conduct and review of images and calculation of CAC scores, 

blinded to the subjects’ risk profile.  

Clinical Outcomes  

The primary outcome was atherosclerotic cardiovascular disease (ASCVD); a composite of nonfatal MI, death due to CHD, and stroke. We also examined total 

CHD; a composite of nonfatal MI and death due to CHD as the secondary outcome. Only first-incident events were included in the analyses.   

In DHS, cardiovascular endpoints were ascertained and adjudicated as previously described.
17

 Death events were acquired using the National Death Index and 

classified as due to CHD or stroke according to appropriate ICD9 codes. Non-fatal events were acquired using annual detailed health survey as well as using the 

Dallas–Fort Worth Hospital Council Data Initiative database, which includes hospital claims data for 77 hospitals across 28 counties in North Texas and 

represents 90% of the health care market volume in this region. Primary records were requested for all suspected cardiovascular events, and these events were 

each adjudicated separately by two cardiologists. MI was defined as characteristic abnormal elevations in cardiac enzymes and either diagnostic chest pain or 

ischemic ECG changes. Stroke was defined as rapid onset of neurologic deficit, headache, or meningismus and neurologic deficits not secondary to brain trauma 

(closed head injury), tumor, infection (e.g., encephalitis or meningitis), or other non-vascular cause, as well as one of the following: clinically relevant lesion on 

brain imaging or duration greater than 24 hours or death within 24 hours.  

In FHS, all study participants were under continuous surveillance for the development of CVD events and death and information about CVD events on follow-up 

was obtained with the aid of medical histories, physical examinations at the study clinic, hospitalization records, and communication with personal physicians. 

All suspected new events were reviewed by a panel of 3 experienced investigators who evaluated all pertinent medical records. A separate review committee that 

included a neurologist adjudicated cerebrovascular events, and a heart study neurologist examined most participants with suspected stroke. CHD was defined as a 

fatal coronary event or non-fatal MI. Stroke was defined as ischemic stroke.  

In HNR, the diagnosis of CHD included fatal or non-fatal MI. Annually, questionnaires on the current state of health including questions about medication, 

hospital admissions and outpatient diagnosis of cardiovascular disease were sent to the participants. In parallel, all death certificates were regularly screened. 

Incident coronary events were validated by review of all available hospital records and records of the attending physicians and classified by an external end point 

committee, blinded to the risk factor status and the CAC score. Fatal or nonfatal MI was defined based on symptoms, electrocardiographic signs, cardiac 

enzymes, and necropsy.
18

 

In MESA, the diagnosis of MI was based on a combination of clinical symptoms, electrocardiographic findings, and levels of cardiac biomarkers.
19,20

 Over 

follow up, interviewers contacted each participant or family member at 9-12 month intervals to inquire about hospital admissions, outpatient diagnoses, and 

deaths. Copies of medical records and death certificates were obtained to verify self-reported diagnoses and causes of death. Two trained physicians who were 
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members of the MESA morbidity and mortality committee independently classified and recorded all events.
19,20

 Stroke was defined as a focal neurologic deficit 

lasting≥24 hours or as a clinically relevant lesion on brain imaging if the duration of symptoms was <24 hours.
 

In the RS, information on study outcomes was gathered from general practitioners and from letters and discharge reports from medical specialists. Events were 

adjudicated by study physicians as described previously.
21,22

 Incident CHD was defined as the occurrence of a non-fatal or fatal MI, or death due to CHD.
21

 

Strokes were diagnosed when a patient had typical neurological symptoms and a computed tomography or magnetic resonance imaging, made within 4 weeks 

after the occurrence of stroke, confirmed the diagnosis.
22

  

Statistical Analysis  

All cohorts evaluated the proportional hazards assumption for both ASCVD and CHD models. In DHS, Schoenfeld residuals were used for the checking the 

proportional hazards assumption for the Cox models. As there was no correlation with these residuals and time, the Cox proportional hazards assumptions were 

met. The proportional hazards assumption in FHS was checked in SAS PROC PHREG using the Kolmogorov-type supremum test on 1000 simulated patterns.  

For all models, the proportional hazards assumptions were met (p>= 0.15, where a non-significant p means the PH assumption is met). HNR used a Kolmogorov-

type supremum test
 23

 as implemented in SAS to assess the proportional hazard assumption within non-stratified models and observed no evidence for a 

deviation. In MESA, the proportional hazard assumption was tested by including the interaction term of the covariates by time and the assumption was satisfied. 

For RS, all models met the proportional hazards assumption as evaluated by the “cox.zph” function in R.  

Information on several variables was missing in up to 3.8% of participants in DHS. Imputation was carried out through PROC MI in SAS, with 25 imputations. 

A Markov-chain monte carlo method was used. The results from these 25 imputations were used with PROC MIANALYZE to produce the statistical inferential 

results. In FHS, HNR, and MESA only participants that had no missing data were included in the analyses. In the RS, information on several variables was 

missing in up to 5.5% of the participants. Multiple imputations of the missing values was performed by using the Hmisc library of R.    
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eTable1. Characteristics of Study Cohorts for Women With 10-Year ASCVD Risk Less Than 7.5% at Year 0, 
Stratified by Presence of Coronary Artery Calcification 

Cohort DHS FHS HNR 

Parameter  CAC Absent 
(N = 665) 

CAC Present 
(N = 476) 

CAC Absent 
(N = 998) 

CAC Present 
(N = 337) 

CAC Absent 
(N = 819) 

CAC Present 
(N = 678) 

Age (years) 41.7 ± 8.3 47.1 ± 9.2 47.5 ± 6.9 55.6 ± 8.1 55.6 ± 6.4 58.1 ± 6.6 

Race       

 White 250 (37.6%) 131 (27.5%) NA NA NA NA 

 Black 270 (40.6%) 280 (58.8%) NA NA NA NA 

 Hispanic  135 (20.3%) 63 (13.2%) NA NA NA NA 

 Chinese 10 (1.5%) 2 (0.4%) NA NA NA NA 

Systolic blood pressure (mmHg) 118.3 ± 14.6 127 ± 16 115.9 ± 15.1 123.1 ± 17.5 120.5 ± 18.1 125.8 ± 17.9 

Diastolic blood pressure (mmHg) 75.3 ± 8.8 79.4 ± 8.7 73.3 ± 8.9 74.4 ± 9.2 76.7 ± 9.9 79.1 ± 10.2 

Body mass index (kg/m
2
) 27.8 ± 5.7 34.8 ± 7.1 26.4 ± 7.5 27.6 ± 5.8 25.8 ± 4.1 28.1 ± 5.6 

Total cholesterol (mg/dl) 174 ± 33.3 182.3 ± 36.4 191.7 ± 32.8 208.6 ± 33.4 223.3 ± 33.8 228.7 ± 32.6 

HDL cholesterol (mg/dl) 55.5 ± 15.8 52.2 ± 14.1 63.0 ± 17.4 63.7 ± 15.9 68.9 ± 16.6 65.6 ± 16.6 

Triglycerides (mg/dl) 95.5 ± 57.1 114 ± 86.6 96.6 ± 51.0 117.6 ± 71.9 111.6 ± 71.7 128.1 ± 73.3 

Fasting blood glucose (mg/dl) 90.5 ± 16.1 102.3 ± 35 92.8 ± 14.4 95.0 ± 14.4 102.0 ± 15.4 105.5 ± 21.2 

Diabetes mellitus, N (%) 14 (2.1%) 46 (9.7%) 22 (2.2%) 9 (2.7%) 14 (1.7%) 46 (6.8%) 

C-reactive protein (mg/L) 4.2 ± 4.7 7.5 ± 6.2 2.9 ± 4.4 4.2 ± 5.4 2.3 ±  4.9 3.7 ±  18.1 

Current smoker, N (%) 145 (21.9%) 86 (18.1%) 123 (12.3%) 45 (13.4%) 160 (19.5%) 174 (26.7%) 

Antihypertensive medication, N (%) 51 (8%) 93 (20.3%) 90 (9.0%) 68 (20.2%) 139 (17.0%) 187 (27.6%) 

Family history of premature CHD, N (%) 109 (16.4%) 124 (26.1%) 168 (21.3%) 
a
  80 (29.1%) 

a
  73 (12.0%) 

b
 81 (16.6%) 

b
 

CAC (Agatston score) 
c
  NA 1.9 (0.7, 8.0) NA 25.3 (5, 85.7) NA 19.5 (4.1, 58.8) 

Cohort MESA RS   

Parameter  CAC Absent 
(N = 1659) 

CAC Present 
(N = 620) 

CAC Absent 
(N = 163) 

CAC Present 
(N = 324) 

  

Age (years) 56.4 ± 8.1 62.9 ± 8.7 63.6 ± 3.0 63.3 ± 2.8  

Race     

 White 601 (36.2%) 258 (41.6%) NA NA 

 Black 467 (28.2%) 154 (24.8%) NA NA 

 Hispanic  389 (23.5%) 102 (16.5%) NA NA 

 Chinese 202 (12.2%) 106 (17.1%) NA NA 
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Cohort MESA RS 

Parameter CAC Absent 
(N = 1659) 

CAC Present 
(N = 620) 

CAC Absent 
(N = 163) 

CAC Present 
(N = 324) 

Systolic blood pressure (mmHg) 118.6 ± 19.0 124.1 ± 19.2 129.2 ± 14.2 134.3 ± 16.3 

Diastolic blood pressure (mmHg) 68.2 ± 9.9 68.5 ± 9.4 74.5 ± 9.1 76.4 ± 9.5 

Body mass index (kg/m
2
) 28.5 ± 6.4 28.4 ± 6.5 25.8 ± 3.5 27.5 ± 4.5 

Total cholesterol (mg/dl) 196.4 ± 32.5 201.4± 32.2 228.5 ± 32.9 229.7 ± 29.0  

HDL cholesterol (mg/dl) 57.8 ± 15.5 57.4 ± 16.5 66.5 ± 15.1 65.4 ± 16.6 

Triglycerides (mg/dl) 117.2 ± 70.5 121.5 ± 62.8 102.7 ± 42.5 115.2 ± 50.5 

Fasting blood glucose (mg/dl) 89.9 ± 22.1 92.6 ± 24.7 95.4 ± 11.3 100.1 ± 19.6 

Diabetes mellitus, N (%) 89 (5.4%) 41 (6.6%) 6 (3.7%) 26 (8.0%) 

C-reactive protein (mg/L) 4.4 ± 5.9 4.9 ± 7.0 1.70 ± 2.6 2.1 ± 2.7 

Current smoker, N (%) 148 (8.9%) 28 (4.5%) 5 (3.1%) 12 (3.7%) 

Antihypertensive medication, N (%) 340 (20.5%) 153 (24.7%) 10 (6.1%) 30 (9.3%) 

Family history of premature CHD, N (%) 608 (38.6%) 308 (52.5%) 33 (20.2%) 55 (17.0%) 

CAC (Agatston score) 
c
 NA 37.4 (11.2, 120.4) NA 14.7 (3.3, 85.2) 

All values expressed as mean ± SD or N (column %).  
Abbreviations: ASCVD = atherosclerotic cardiovascular disease (composed of nonfatal myocardial infarction, coronary heart disease death, stroke); CAC 
= coronary artery calcium; DHS = Dallas Heart Study; FHS = Framingham Heart Study; HDL = high density lipoprotein; HNR = Heinz Nixdorf Recall; 
MESA = Multi-Ethnic Study of Atherosclerosis; N = number; NA = not applicable; RS = Rotterdam Study. 
a
 Data for family history of premature CHD was not available for everyone, therefore the denominator for this frequency is 790 for CAC absent group (i.e. 

21.3%=168/790) and 275 for CAC present group (i.e. 29.1%=80/275). 
b
 Excluding subjects with no information on biological parents (e.g. deceased during world war II).  

  

c
 For CAC, median (25th, 75th percentiles) are presented. 
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eTable2. Date of Study Enrollment, CAC Computed Tomography, and End of Follow-up for Different Cohorts 

Cohort Date of Study Enrollment Date of CAC Scan Date of End of Follow-up 

DHS  July 2000 – January 2002 July 2000 – October 2002 January 1
st
, 2012 

FHS September 1998 – March 2005 June 2002 – April 2005 January 1
st
, 2014 

HNR December 2000 – August 2003 December 2000 – August 2003 March 6
th
, 2015 

MESA July 2000 – August 2002 July 2007 – December 2002 January 1
st
, 2014 

RS  RS-I: July 1989 – June 1993 
RS-II: February 1999 – December 2001 

RS-I: November 1997 – June 2000 
RS-II: June 2003 – February 2006 

January 1
st
, 2012 

Abbreviations: CAC = coronary artery calcium; DHS = Dallas Heart Study; FHS = Framingham Heart Study; HNR = Heinz Nixdorf Recall; MESA = 
Multi-Ethnic Study of Atherosclerosis; RS = Rotterdam Study. 
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eTable 3. Characteristics of Study Cohorts for Total Population of Women With 10-Year CHD Risk Less Than 10% 
at Year 0 

Parameter DHS 
(N = 1136)  

FHS 
(N = 1335) 

HNR 
(N = 1820) 

MESA 
(N = 2587) 

RS 
(N = 894) 

Age (years) 44.2 ± 9.2 50.62 ± 9.08 58.4 ± 7.4 59.9 ± 9.5 65.9 ± 4.3 

Race      

 White 370 (32.6%) NA NA 1032 (39.9) NA 

 Black 561 (49.4%) NA NA 702 (27.1%) NA 

 Hispanic  193 (17.0%) NA NA 543 (21.0%) NA 

 Chinese 12 (1.1%) NA NA 310 (12.0%) NA 

Systolic blood pressure (mmHg) 122.8 ± 16.8 119.0 ± 20.1 125.7 ± 19.5 124.0 ± 22.3 139.1 ± 19.1 

Diastolic blood pressure (mmHg) 77.5 ± 9.4 73.5 ± 9.1 78.5 ± 10.4 69.1 ± 10.2 77.1 ± 10.5 

Body mass index (kg/m
2
) 30.4 ± 7.1 26.9 ± 7.1 27.1 ± 4.8 28.3 ± 6.2 27.0 ± 4.3 

Total cholesterol (mg/dl) 179.8 ± 36.8 196.5 ± 33.7 233.1 ± 38.5 202.1 ± 35.4 226.6 ± 29.6 

HDL cholesterol (mg/dl) 54.6 ± 15.3 62.5 ± 16.9 66.1 ± 16.5 57.3 ± 15.5 64.3 ± 15.8 

Triglycerides (mg/dl) 102.0 ± 67.8 104.8 ± 59.7 125 ± 67.5 122.0 ± 75.7 112.0 ± 46.6 

Fasting blood glucose (mg/dl) 91.0 ± 11.8 93.8 ± 14.6 102.1 ± 11.2 87.5 ± 10.4 96.4 ± 9.5 

C-reactive protein (mg/L) 5.4 ± 5.5 3.4 ± 4.8 2.9 ± 1.2 4.5 ± 6.2 2.6 ± 5.7 

Current smoker, N (%) 269 (23.7%) 182 (13.6) 399 (21.9) 286 (11.1%) 88 (9.8%) 

Antihypertensive medication, N (%) 137 (12.5%) 194 (14.5) 472 (25.9) 712 (27.5%) 132 (14.8%) 

Family history of premature CHD, N (%) 235 (20.7%) 259 (22.9%) 
a
 186 (13.7%) 

b
 1084 (44.2%) 164 (18.3%) 

Presence of CAC, N (%) 468 (41.2%) 337 (25.2%) 900 (49.5%) 840 (32.5%) 649 (72.6%) 

CAC (Agatston score)  0 (0, 1.4) 0 (0, 1.2) 0 (0, 22.5) 0 (0, 12.3) 6.2 (0, 63.6) 

Follow-up time (years)
 c
 10.2 (9.7, 10.7) 9.5 (8,3, 10.2) 11.6 (10.4, 12.3) 11.4 (10.8, 11.8) 7.7 (5.5, 11.4) 

All values expressed as mean ± SD, median (25th, 75th percentiles), or N (column %). 
Abbreviations: CAC = coronary artery calcium; CHD = coronary heart disease; DHS = Dallas Heart Study; FHS = Framingham Heart Study; HDL = 
high density lipoprotein; HNR = Heinz Nixdorf Recall; MESA = Multi-Ethnic Study of Atherosclerosis; N = number; NA = not applicable; RS = Rotterdam 
Study. 
a
 Data for family history of premature CHD was not available for everyone, therefore the denominator for this frequency is 1130 (i.e. 22.9%=259/1130). 

b
 Excluding subjects with no information on biological parents (e.g. deceased during world war II).   

c
 Follow-up time from the date of coronary calcium computed tomography until the end of follow-up.  
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eTable 4. Characteristics of Study Cohorts for Women With 10-Year CHD Risk Less Than 10% at Year 0, Stratified 
by Presence of Coronary Artery Calcification 

Cohort DHS FHS HNR 

Parameter  CAC Absent 
(N = 668) 

CAC Present 
(N = 468) 

CAC Absent 
(N = 998) 

CAC Present 
(N = 337) 

CAC Absent 
(N = 920) 

CAC Present 
(N = 900) 

Age (years) 41.9 ± 8.3 47.5 ± 9.2 47.9 ± 7.3 57.5 ± 9.3 56.6 ± 7.1 60.2 ± 7.2 

Race       

 White 247 (37%) 123 (26.3%) NA NA NA NA 

 Black 275 (41.2%) 286 (61.1%) NA NA NA NA 

 Hispanic  136 (20.4%) 57 (12.2%) NA NA NA NA 

 Chinese 10 (1.5%) 2 (0.4%) NA NA NA NA 

Systolic blood pressure (mmHg) 118.6 ± 15 128.8 ± 17.5 116.6 ± 20.2 124.9 ± 18.9 122.0 ± 19.0 129.6 ± 19.4 

Diastolic blood pressure (mmHg) 75.5 ± 9 80.3 ± 9.3 73.3 ± 9.0 73.9 ± 9.5 77.1 ± 10 80 ± 10.6 

Body mass index (kg/m
2
) 27.7 ± 5.7 34.1 ± 7.2 26.6 ± 7.6 27.7 ± 5.7 26.0 ± 4.1 28.3 ± 5.3 

Total cholesterol (mg/dl) 175.6 ± 34.6 185.8 ± 39 191.8 ± 32.9 208.4 ± 32.8 227.9 ± 36.3 238.4 ± 39.9 

HDL cholesterol (mg/dl) 55.7 ± 15.7 53.1 ± 14.6 62.8 ± 17.3 61.8 ± 15.9 68.1 ± 16.4 64.1 ± 16.4 

Triglycerides (mg/dl) 95.3 ± 57.1 111.5 ± 79.8 97.6 ± 51.9 123.2 ± 73.0 114.4 ± 59 135.9 ± 73.6 

Fasting blood glucose (mg/dl) 89 ± 10.4 93.9 ± 12.9 93.1 ± 14.7 95.6 ± 14.3 101 ± 10.7 103.3 ± 11.6 

C-reactive protein (mg/L) 4.2 ± 4.6 7.1 ± 6.1 3.0 ± 4.4 4.5 ± 5.6 2.3 ± 3.9 3.6 ± 1.6 

Current smoker, N (%) 156 (23.4%) 113 (24.2%) 126 (12.6%) 56 (16.6%) 185 (20.1) 214 (23.8) 

Antihypertensive medication, N (%) 47 (7.4%) 90 (19.8%) 99 (9.9%) 95 (28.2%) 180 (19.6) 292 (32.4) 

Family history of premature CHD, N (%) 111 (16.6%) 124 (26.5%) 170 (21.2%) 
a
 89 (27.2%) 

a
 82 (12.0%) 

b
 104 (15.3%) 

b
 

CAC (Agatston score) 
c
 NA 2.2 (0.7, 9.8) NA 33.1 (6.4, 115.0) NA 22.7 (4.6, 78.8) 

Cohort MESA RS   

Parameter  CAC Absent 
(N = 1747) 

CAC Present 
(N = 840) 

CAC Absent 
(N = 245) 

CAC Present 
(N = 649) 

  

Age (years) 57.5 ± 8.7 65.2 ± 8.9 65.1 ± 4.1 66.2 ± 4.3  

Race     

 White 662 (37.9%) 370 (44.1%) NA NA 

 Black 496 (28.4%) 206(24.5%) NA NA 

 Hispanic  392 (22.4%) 151 (18.0%) NA NA 

 Chinese 197 (11.3%) 113 (13.5%) NA NA 

Systolic blood pressure (mmHg) 120.9 ± 21.4 130.5 ± 22.8 135.7 ± 20.1 140.4 ± 18.6 

Diastolic blood pressure (mmHg) 68.8 ± 10.3 69.8 ± 10.0 76.0 ± 10.6 77.5 ± 10.5 
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Cohort MESA RS 

Parameter  CAC Absent 
(N = 1747) 

CAC Present 
(N = 840) 

CAC Absent 
(N = 245) 

CAC Present 
(N = 649) 

Body mass index (kg/m
2
) 28.3 ± 6.2 28.4 ± 6.2 25.9 ± 3.5 27.4 ± 4.6 

Total cholesterol (mg/dl) 199.4 ± 35.5 207.7 ± 34.9 225.4 ± 32.1 227.0 ± 28.6  

HDL cholesterol (mg/dl) 57.7 ± 15.5 56.4 ± 15.5 65.0 ± 15.1 64.2 ± 16.2 

Triglycerides (mg/dl) 119.7 ± 79.4 126.8 ± 67.2 105.4 ± 43.4 114.3 ± 47.8 

Fasting blood glucose (mg/dl) 86.7 ± 10.2 89.2 ± 10.6 94.7 ± 8.1 97.0 ± 9.9 

C-reactive protein (mg/L) 4.3 ± 5.8 4.8 ± 6.9 1.9 ± 2.7 2.9 ± 6.5  

Current smoker, N (%) 204 (11.7%) 82 (9.8%) 20 (8.2) 68 (10.5%) 

Antihypertensive medication, N (%) 403 (23.1%) 309 (36.8%) 22 (9.0%) 110 (16.9%) 

Family history of premature CHD, N (%) 652 (39.3%) 432 (54.3%) 42 (17.1%) 122 (18.8%) 

CAC (Agatston score) 
c
 NA 47.6 (13.4, 153.4) NA 22.6 (3.9, 105.2) 

All values expressed as mean ± SD or N (column %). 
Abbreviations: CAC = coronary artery calcium; CHD = coronary heart disease; DHS = Dallas Heart Study; FHS = Framingham Heart Study; HDL = high 
density lipoprotein; HNR = Heinz Nixdorf Recall; MESA = Multi-Ethnic Study of Atherosclerosis; N = number; NA = not applicable; RS = Rotterdam Study.  
a
 Data for family history of premature CHD was not available for everyone, therefore the denominator for this frequency is 803 for CAC absent group (i.e. 

21.2%=170/803) and 327 for CAC present group (i.e. 27.2%=89/327). 
b
 Excluding subjects with no information on biological parents (e.g. deceased during world war II).   

c
 For CAC, median (25th, 75th percentiles) are presented. 
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eTable 5. Incident Event Rates for CHD Among Low-Risk Women (10-Year CHD Risk <10%) by CAC Status  

 CAC Absence Group (CAC=0) CAC Presence Group (CAC>0) 

Cohort N of Events 
(Total Individuals) 

N of Events  
per 1000 PY 

a
 

N of Events 
(Total Individuals) 

N of Events  
per 1000 PY 

a
 

 
IRD (95%CI) 

b
 

DHS 1 (668) 0.15 5 (468) 1.09 0.94 (-0.06, 1.93) 

FHS 5 (998) 0.55 7 (337) 2.35 1.80 (-0.00, 3.61) 

HNR 14 (920) 1.35 37 (900) 3.84 2.49 (1.07, 3.92) 

MESA 18 (1747) 0.96 35 (840) 4.07 3.11 (1.69, 4.53) 

RS 3 (245) 1.53 25 (649) 4.70 3.17 (0.64, 5.70) 

All cohorts 41 (4578) 0.87 109 (3194) 3.50 2.63 (1.92, 3.34) 

Abbreviations: CAC = coronary artery calcium; CHD = coronary heart disease (composed of nonfatal myocardial infarction, coronary heart disease 
death); CI = confidence interval; DHS = Dallas Heart Study; FHS = Framingham Heart Study; HNR = Heinz Nixdorf Recall; IRD = incidence rate 
difference; MESA = Multi-Ethnic Study of Atherosclerosis; N = number; PY = person-years of follow-up; RS = Rotterdam Study; vs = versus. 
a
 Number of events per 1000 PY indicates number of CHD events in each category per 1000 person-years of follow-up in that category (incidence 

rate). 
b
 CHD incidence rate difference (95% CI) for CAC presence (CAC>0) versus CAC absence (CAC=0). 
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eTable 6. Incident Event Rates for CHD Among Low-Risk Women (10-Year CHD Risk <10%) by CAC Strata 

 CAC Absence (CAC = 0) 0 > CAC ≤ 100  CAC > 100  

Cohort N of Events 
(Total 

Individuals) 

N of Events  
per 1000 PY 

a
 

N of Events 
(Total 

Individuals) 

N of Events  
per 1000 PY 

a
 

 
IRD (95%CI) 

b
 

N of Events 
(Total 

Individuals) 

N of Events  
per 1000 PY 

a
 

 
IRD (95%CI) 

c
 

DHS 1 (668) 0.15 2 (436) 0.48 0.33 (-0.39, 
1.06) 

3 (32) 6.73 6.58 (-1.04, 
14.20) 

FHS 5 (998) 0.55 2 (263) 0.84 0.29 (-0.97, 
1.56) 

5 (74) 8.29  7.74 (0.46, 
15.03) 

HNR 14 (920) 1.35 24 (707) 3.14 1.79 (0.35, 
3.24) 

13 (193) 6.54 5.19 (1.57, 8.82) 

MESA 18 (1747) 0.96 13 (544) 2.28 1.32 (0.00, 
2.63) 

22 (296) 7.63 6.67 (3.45, 9.89) 

RS 3 (245) 1.53 14 (481) 3.56 2.03 (-0.52, 
4.57) 

11 (168) 7.93 6.40 (1.40, 
11.40) 

All cohorts 41 (4578) 0.87 55 (2431) 2.31 1.44 (0.77, 
2.10) 

54 (763) 7.39 6.52 (4.53, 8.51) 

Abbreviations: CAC = coronary artery calcium; CHD = coronary heart disease (composed of nonfatal myocardial infarction, coronary heart disease death); CI = 
confidence interval; DHS = Dallas Heart Study; FHS = Framingham Heart Study; HNR = Heinz Nixdorf Recall; IRD = incidence rate difference; MESA = Multi-
Ethnic Study of Atherosclerosis; N = number; PY = person-years of follow-up; RS = Rotterdam Study; vs = versus.    
a
 Number of events per 1000 PY indicates number of CHD events in each stratum per 1000 person-years of follow-up in that stratum (incidence rate). 

b
 CHD incidence rate difference (95% CI) for the category of >0 CAC ≤ 100 versus CAC absence (CAC=0). 

c
 CHD incidence rate difference (95% CI) for the category of CAC>100 versus CAC absence (CAC=0). 
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eTable 7. Hazards Ratios for CHD Among Low-Risk Women (10-Year CHD Risk <10%) for Continuous CAC, by 
CAC Status, and by CAC Strata 

 Hazard ratios (95% CI) for CHD 
a
 

Cohort Continuous CAC 
b
 

 
CAC Presence (CAC>0) 

vs CAC Absence(CAC=0) 
>0 CAC ≤ 100 

vs CAC Absence 
CAC>100 

vs CAC Absence 

DHS 2.20 (1.25, 3.88) 4.56 (0.38, 54.72) 4.00 (0.26-61.21) 38.77 (1.18, 1274.0) 

FHS 1.50 (1.13, 1.98) 2.19 (0.61, 7.80) 0.87 (0.15, 4.97) 7.1 (1.6, 30.9) 

HNR 1.21 (1.07, 1.37) 1.83 (0.96, 3.47) 1.65 (0.84, 3.25) 2.40 (1.07, 5.36) 

MESA 1.35 (1.19, 1.53) 3.09 (1.66, 5.74) 2.00 (0.95, 4.21) 5.69 (2.76, 11.73) 

RS 1.35 (1.12, 1.62) 2.89 (0.86, 9.77) 2.25 (0.64, 7.94) 5.00 (1.34, 18.59) 

Fixed effects 1.32 (1.22, 1.42) 2.46 (1.66, 3.65) 1.80 (1.16, 2.81) 4.42 (2.77, 7.06) 

I
2
, % 

c
 33.4% 0.0% 0.0% 12.9% 

P value for I
2
 0.20 0.80 0.87 0.33 

Abbreviations: CAC = coronary artery calcium; CHD = coronary heart disease (composed of nonfatal myocardial infarction, coronary heart disease 
death); CI = confidence interval; DHS = Dallas Heart Study; FHS = Framingham Heart Study; HNR = Heinz Nixdorf Recall; MESA = Multi-Ethnic 
Study of Atherosclerosis; RS = Rotterdam Study.   
a
 Hazards ratios (95% confidence intervals) are adjusted for age, race (if applicable), total cholesterol, high density lipoprotein (HDL) cholesterol, 

current smoking, systolic blood pressure, and antihypertensive medication. 
b
 CAC was used as a continuous variable (natural log-transformed [CAC score + 1]) in the model.  

c
 I

2
 statistic indicates the percentage of variance in a meta-analysis that is attributable to study heterogeneity. 
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eTable8. Model Comparison With Addition of CAC to Baseline Risk Prediction Model for CHD 

 C Statistic (95% CI)   

Cohort Baseline Model 
a
 With Addition of CAC 

b
 Delta of  C Statistic  

(95% CI) 
Continuous NRI  

(95% CI) 

DHS 0.91 (0.87, 0.98) 0.96 (0.91, 0.99) 0.05 (-0.02, 0.17) 0.29 (-0.16, 0.62) 

FHS 0.79 (0.66, 0.93) 0.80 (0.67, 0.94) 0.01 (-0.06, 0.09) 0.74 (0.25, 1.19) 

HNR 0.78 (0.71, 0.84) 0.81 (0.75, 0.87) 0.03 (-0.02, 0.08) 0.23 (0.02, 0.38) 

MESA 0.72 (0.63, 0.81) 0.77 (0.70, 0.85) 0.05 (-0.01, 0.11) 0.20 (0.02, 0.40) 

RS 0.63 (0.40, 0.86) 0.75 (0.55, 0.94) 0.11 (-0.06, 0.29) 0.42 (0.05, 0.53) 

Fixed effects  0.79 (0.70, 0.88) 
c
 0.83 (0.73, 0.93) 

c
  0.04 (0.01, 0.07)  0.28 (0.18, 0.39) 

I
2
, % 

d
 79.2% 87.5% 0.0% 33.8% 

P  value for I
2
 <0.01 <0.01 0.83 0.20 

Abbreviations: CAC = coronary artery calcium; CHD = coronary heart disease (composed of nonfatal myocardial infarction, coronary heart 
disease death); DHS = Dallas Heart Study; FHS = Framingham Heart Study; HNR = Heinz Nixdorf Recall; MESA = Multi-Ethnic Study of 
Atherosclerosis; NRI = net reclassification improvement index; RS = Rotterdam Study.   
a
 Baseline model includes age, race (if applicable), total cholesterol, high density lipoprotein (HDL) cholesterol, current smoking, systolic blood 

pressure, and antihypertensive medication.   
b
 CAC was added as a continuous variable (natural log-transformed [CAC score + 1]) to the baseline model.  

c
 The estimates are calculated based on the random effect models as the I

2
 was >75%. 

d
 I

2
 statistic indicates the percentage of variance in a meta-analysis that is attributable to study heterogeneity. 

 


