CARRS Cohort:
Proposed Measures
[Precision-CARRS]

MANUAL OF OPERATIONS:
CT IMAGING FOR CORONARY CALCIUM
AND HEPATIC FAT




INTRODUCTION

CT imaging for Coronary Artery Calcium (CAC):

CAC s a highly specific marker of coronary atherosclerosis that is one of the most predictive CVD risk
markers in asymptomatic individuals, independent of traditional risk factors."3 Calcium in the
coronary arteries is a result of ectopic deposition in atherosclerosis and correlates well with plaque
burden.** 344 CAC demonstrates excellent accuracy for the detection of obstructive CAD**#4 and
coronary plaque as compared to intravascular ultrasound with sensitivity and specificity measures
290%.4548 A negative test has close to 100% negative predictive accuracy for obstructive CAD.3% 4953

Expected prevalence: The prevalence of CAC varies by sex, age, race, and ethnicity.>#5° A few small
studies in asymptomatic South Asians have reported CAC in ~40% of the population.>”>® The inter-
scan variability of CAC scoring is <10% and CAC scores can increase by ~20-25% per year.®°%4

Equipment: Multi-detector CT (MDCT) scanners (Siemens Somatom Force [384 Slices] in Delhi and
Philips Ingenuity [128 Slice] in Chennai) will be used.

Duration of testing: 20 minutes.

Technique: CAC acquisition will be performed using prospectively ECG-triggered MDCT scanners with
sequential acquisition performed at 40% (for those with heart rates [HR]> 8obpm) or 70% (HR
<80obpm) of the cardiac cycle using the following parameters: tube voltage 120 kVp, automated tube
current modulation, reference tube current-time product of 80 mAs, collimation 44x1.2 mm, gantry
rotation time 0.25 s, and matrix size 512x512 pixels. Dedicated post-processing evaluation (syngo via
VB10 Calcium Scoring, Siemens Healthcare, Forchheim, Germany) will be used for image analyses.

Scoring: CAC quantification will be performed independently by Dr. N Pandey at AIIMS. Plaque
calcium density (measured in Hounsfield units [Hu]) must be 130 Hu or higher to qualify as a calcified
plaque. The Agatston scoring method for CAC measures each discrete plaque area in mm? and each
discrete plaque area is multiplied by 1, 2, 3, or 4, depending on the highest plaque density
measurement in Hu.# ®> The coronary segment model of the Society of Cardiovascular Computed
Tomography will be used for evaluating CAC distribution (i.e. number of coronary segments and
arteries affected).®® Because recent studies have suggested improved prediction by inversely
weighting for calcium density®” ® and the regional distribution of CAC (total number of coronary
arteries with CAC),*97' we will also measure these parameters.

Reproducibility: Intra-observer and inter-scan correlations of plaque volume are >0.92 (p<0.001).
Manual of Operations: Detailed MOPs will be adapted from the protocol enclosed pages 3-9.
CT imaging for hepatic steatosis:

Hepatic steatosis manifests as reduced attenuation during unenhanced CT scanning of the liver and
reflects liver triglyceride content.”>73 The normal attenuation value of the unenhanced liver
parenchyma is 50-65 Hu, which is typically 8-10 Hu higher than the spleen.’* The sensitivity and
specificity of unenhanced CT to assess 230% macrovesicular steatosis are 100% and 95%,
respectively.”

Expected prevalence: Using the L/S ratio <1.0 cut-point, the prevalence of hepatic steatosis was 17.2%
among MESA participants; Whites and Blacks had a higher prevalence (37.7% and 32.4%,
respectively).”® In small studies in South Asians, the prevalence of steatosis, measured using different
technologies, ranged between 17% and 32%.77°
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Technique: Liver and spleen segments will be scanned in the lower image slices of the abdomen
obtained during cardiac CT imaging being performed for CAC assessments as described above using
protocols similar to MESA and CARDIA.

Scoring: CT scans will be evaluated by an independent, experienced reader. The scan with the
greatest coverage of the liver and spleen will be selected for liver fat measurement. Hepatic and
splenic attenuation will be measured using regions of interest (ROI) >100 mm? in area. Two ROl will
be placed in the right liver lobe and in the spleen. We will use an L/S ratio of <1 as the primary
measure. Secondary endpoints will be the difference between liver and spleen of <40 Hu. Liver fat
severity will be graded as mild (L/S ratio 20.7 to <1.0), moderate (L/S ratio 20.5 to <0.7) and severe
(L/S ratio <0.5), corresponding to <30.1%, 30.1% to 41%, and >41% steatosis.> 3"

Reproducibility: Inter- and intra-reader correlation (0.96 and 0.99) was excellent.?®
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Coronary Calcium Scoring and Hepatic Fat Measurement

1. Objective:
To conduct CT scanning for assessment of coronary calcium score (CAC), other calcium scoring
and hepatic fat measurements in the CARRS cohort.

2. Imaging Overview

CT images of the thoracic area (chest) will be collected and reviewed by Dr. Niraj Pandey at the
All India Institute of Medical Sciences (AlIMS), New Delhi, and Dr. Harish Mardavada at Westminster
Healthcare (WHC), Chennai, to determine the CAC/Agatston score, CAC volume score, thoracic
aorta calcification score (CAC Volume and Agatston score) and the aortic valve calcification
score (CAC Volume and Agatston score) and Hepatic Fat measurements.

To ensure consistency and reproducibility, imaging equipment, method of assessment and
scanning techniques at both imaging centers are to remain consistent throughout the study.
3. Equipment
CT imaging will be performed using a multi-detector helical row 64 slice scanner or
greater.
4. Image Acquisition Procedure CT (Computed Tomography)

A non-contrast CT scan of the chest (from the top of the aortic arch to the diaphragm)
will be performed at AIIMS and WHC. All images and reconstructions must be sent to
AlIMS and WHC in uncompressed DICOM format.

Scan parameters will be as follows:

e Helical

e 120kVp

¢ Reconstructed at 3mm slice thickness

e Reconstructed at omm gap

e  Pitch must remain the same for each individual patient at baseline and at the follow up scan

e The filter must be set as Kernal B35 heartmed medastinum (Siemens) or equivalent and
remain the same for each individual patient at baseline and at the follow up scan

Subject positioning will be as follows:

e Head first, supine, arms above head

e ECGgated

e mid-late diastolic reconstructions of 70%

e Breath hold

e Ensure imaging extends to below rib cage to include top of liver
5. Image Transfer Procedure

Imaging centers must provide CT images in raw or standard DICOM format, meaning that
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they are not manipulated in any way after the scanner converts the images to DICOM from
raw signal.

It is often the case that once an imaging exam is complete, the DICOM images are
compressed and sent to storage or a system such as a PACS. Imaging centers must not
send any compressed imaging data to Intrinsic Imaging.

If images are burned to CD directly from the scanner or are retrieved from PACS, they
must be in standard DICOM format and cannot be compressed or in some other format,
such as JPEG, TIF, etc. (as these types of image files do not provide any DICOM tag
information).

Some scanners will burn DICOM header data onto an actual image so that the
information is viewable as part of the images. Imaging centers must not submit any
images that include any personal health information in the text that is placed on the
image, such as Radiation Dose Reports or Subject Protocol images.

Image Acquisition Standards

An Image Acquisition Guide will be developed to describe how the imaging sites will collect
images for this study and send them to the Core Lab.

The Image Acquisition Guide will require the imaging sites to ensure images are acquired
according to the following guidelines:

e Image acquisition
¢ Imaging parameters consistent throughout the study
e Imaging anonymization, marking and annotations

e Images transferred to Intrinsic Imaging must be clear of any marks or annotations made at
thesite

e Image Quality

Image Processing Manual

An Image Processing Manual will be developed to describe how to process images for this study
and prepare them for review.

The Image Processing Manual will include information related to:
e Datatraceability

e Quality control procedures

e Query procedures

e Blinding procedures

e Documentation and storage

Radiological Review

A minimum of two certified radiologists (radiologist reviewers) will be trained and assigned
to review the CT images for this study.
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10.

1.

Reviewer Training
All reviewers will undergo training prior to completing reads on this study.

A reviewer training manual will be developed, and each reviewer will be trained on the following
items:

e Imaging Charter and analysis criteria
e Study radiographic workflow and review procedure

e Systems involved in the review procedure

Image Review
CT Images will be reviewed by the designated reviewers as follows:

e During the processing of the images, all images will be blinded so that reviewers will not
have access toany patient confidential information, local site assessments, and any
treatmentinformation.

¢ Images will only reach the review stage once they have been quality controlled and all
queries have been resolved and/or closed.

e The CT images will be loaded into software for review by one independent radiologist.
e Al CT scans will first be scored for CAC.

e Images will be analyzed as described in section 5.6.

CT Imaging Analysis for CAC

CAC acquisition will be performed using a prospectively ECG-triggered multidetector non-
contrast computed tomography scanner with sequential acquisition performed at 40% (HR >
8obpm) or 70% (HR < 8obpm) of the cardiac cycle using the following parameters: tube voltage
120 kVp, automated tube current modulation, reference tube current-time product of 80 mAs,
collimation 44x1.2 mm, gantry rotation time 0.25 s, and matrix size 512x512 pixels. Dedicated
post-processing evaluation software (syngo via VB10 Calcium Scoring, Siemens Healthcare,
Forchheim, Germany) will be used for objective and subjective image analyses. Quantification of
CAC on non-contrast scans will be performed by an independent observer blinded to patient
characteristics and the imaging report. The plaque calcium density measured in Hounsfield units,
must be 130 Hu or higher to qualify as a calcified plaque using CAC scoring. The Agatston scoring
method for CAC measures each discrete plaque area in mm? and each discrete plaque area is
multiplied by 1, 2, 3, or 4, depending on the highest density measurement in Hu in the plaque.
Plaques with maximum density of 130 to 199 Hu will be multiplied by 1, those with 200 to 299 Hu
by 2, those with 300 to 399 by 3, and those with 400 Hu or greater by 4. These scores are
summed for all slices of the heart to give the Agatston score.* Finally, the Agatston score will be
divided by the area score and the quotient will be the average CAC density score (range 1to 4)
for each participant. The coronary segment model of the Society of Cardiovascular Computed
Tomography will be used for evaluating CAC distribution.®® The number of coronary segments
and number of coronary arteries with CAC will be recorded. Coronary dominance will be
established: the system will be considered right or left dominant if both posterior descending
artery and posterolateral branch originate from the right coronary artery or left circumflex
coronary artery, respectively. The coronary system will be considered codominant if posterior
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descending artery originated from the right coronary artery and posterolateral branch originated
from the left circumflex coronary artery. The proximal coronary segments will be defined as
segment 1 (proximal right coronary artery), segment 2 (mid right coronary artery), segment 5
(left main coronary artery), segment 6 (proximal left anterior descending coronary artery), and
segment 11 (proximal left circumflex coronary artery). The presence of proximal CAC will be
considered positive if CAC was present in segments 1 or 2 (right dominant); segments 5, 6, or 11
(left dominant); and segments 1, 2, 5, 6, or 11 (codominant).

Radiologist reviewers will use a workstation to analyze CT image series slice-by-slice.
CAC/Agatston Score, CAC volume scoring system will be assessed at the following locations:
coronary arteries, thoracic aorta and aortic valve.

For CAC Agastson scoring of the coronary arteries, the reviewer will identify each lesion within
each of the major vessel distributions (LM, LAD, LCX, RCA). The score for each vessel will be
summed to generate a single overall coronary artery CAC Agaston score. The left main
coronary artery will be summarized as a single score (LM). The left anterior descending
coronary artery, circumflex coronary and right coronary artery and their respective branches
will be summarized as a single score (LAD-LCX-RCA).

The aortic valve calcification (Agaston and volume) scores will include the aortic valve leaflets
and aortic annular tissue (AV). Calcium within theaortic sinus or on the aortic wall will be
excluded from and not be measured as part of the aortic valve calcification scores. Calcium
outside of the aortic valve leaflets and aortic annulus will be included in the thoracic aortic
calcification scores.

Characterization of the thoracic aortic calcification (Agatston and volume) score will include
the following segments and will be summarized as a single score (Thoracic Aorta):

e Aortic sinuses of valsalva

e Ascending thoracic aorta

e Transverse arch excluding the great vessels of the head and neck
e Descending thoracic aorta

At the discretion of the radiologist reviewers, additional findings considered relevant to the
analysis may be documented in the comment section of the analysis.

The following situations may occur (but are not limited to) that render baseline and
follow-up scans not directly comparable:

e Motion artifact: this could cause a vessel that was visible in the baseline scan to not be
evaluable in the follow-up scan. In this case the vessel affected by motion on the follow-up
scan will be removed from both scans

e Scan field of view different from baseline: the z-axis (superior-inferior span) is larger in the
baseline scan than in the follow-up scan. In this case the baseline scan will be re-assessed
including only the superior-inferior span visible in both scans.

e Anatomy previously scanned is cut off in follow-up visit: in this case the anatomy originally
include in the baseline scan interpretation will be removed from the follow-up scan as well.

¢ If amending the baseline assessment does not allow the proper comparison of the two
timepoints, the case will be deemed unevaluable.
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12.

13.

14.

15.

Hepatic Fat Analysis:

Liver and spleen segments will be scanned in the lower image slices of the abdomen obtained
during cardiac CT imaging being performed for CAC assessments as described above. The
technique is similar to assessments in the MESA and CARDIA studies.

CT scans will be evaluated by an independent, experienced reader. The scan with the greatest
coverage of the liver and spleen will be selected for liver fat measurement. Hepatic and splenic
attenuation will be measured using regions of interest (ROI) >100 mm? in area. Average liver
attenuation is calculated by placing the circular region of interest (ROI) multiple places in the
liver, covering all the hepatic segments. The measurements should be avoid inclusion of
macroscopic vessels and close to fissure. Average splenic attenuation is measured by placing ROI
at its upper, mid, and lower poles.

Interpretation:

We will use an L/S ratio of <1 as the primary measure. Secondary endpoints will be the difference
between liver and spleen of <40 Hu. Liver fat severity will be graded as mild (L/S ratio 20.7 to
<1.0), moderate (L/S ratio 20.5 to <0.7) and severe (L/S ratio <0.5), corresponding to < 30.1%, 30.1%
to 41%, and > 41% steatosis.> 884 Inter-reader and intra-reader correlation (0.96 and 0.99) was
excellent.”® In small studies in South Asians, the prevalence of steatosis, measured using
different technologies, ranged between 17% and 32%.77%°

Saving Analysis Results

CT imaging will be saved within the workspace menu in the main menu bar.

Reviewer Workstations

In order to maintain a consistent review, all reviewer workstations will be restricted from any
automatic updates or changes to the analysis software (no software changes will be made
automatically).

Review software will not be updated unless necessary and with assurance that it will not change
the ability to evaluate the images, the nature or quality of the review, and is thoroughly validated
and approved for use.

CRF Quality Control

The radiologist reviewers will enter the analysis results into storage (TBD). Upon completion,
the analysis results will be provided to Niraj Pandey at AIIMS and Manoj Srinapakkathori at
WHC or their designees and they will enter the results into the CRF. The CRF will use
automated edit checks (required fields, data validation, etc.) to prospectively prevent errors.
In addition, a separate investigator will manually verify the following on the CRF after the data
has been entered in the CRF:

¢ The following participant key identifiers will be used:
o PatientID
o Visit Date

e Allrequired fields are completed

o Image quality has been assessed
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16.

17.

18.

19.

o CAC/Agatston Score and CAC volume

o Aortic Valve calcification Agatson Score and volume

o Thoracic Aortic calcification Agatson Score and volume
¢ Required fields are clearly indicated on the form
¢ Field responses are clear and legible
e Measurements have been correctly entered

¢ Intrinsic CRFs are properly signed and dated

QC Findings and Resolution Procedure

CRFs that pass the Quality Control verification will be considered complete and no further
action will be taken.

CRFs that do not meet quality control verification will be required to be addressed by the
radiologist according to the Resolution Procedures presented in section 5.10.

Resolution Procedure

CRFs that do not meet quality control verification'will be resolved based on the nature of the
issue.

Case Report Forms corrections

Case Report Forms that may require corrections will be reviewed by the radiologist.

e If aradiologist reviewer or Intrinsic Imaging Study Team Member determines that an
amendment is required to a field on a CRF, the radiologist will securely log in using their
name and password and amend the field of the original CRF as may be required. All
changes will be tracked by an appropriate audit trail that indicated the reader who made
the change, the date of the change, and the reason for the change.

Re-Reads

As the study progresses there is a possibility that scans read by the radiologist reviewer must be
re-read.

Examples of images requiring a re-read include, but are not limited to;
e ReviewerError

e Incorrectexam

¢ Incorrect patient

e (riteria change

¢ Any error/change in protocol that affects imaging

¢ Additional images have been received

o Scheduled timepoints that have been received out of sequence or previously believed to
have not been imaged will automatically be read (a re-read may be required if additional
images arereceived that are out of sequence and subsequent images have already been
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reviewed).

o Unscheduled imaging will be received and reviewed by Intrinsic Imaging if it is pertinent
to the criteria and after a case-by-case discussion. Unscheduled imaging is defined as any
imaging performed outside of the scheduled visits presented in Table 1.

20. Monitoring Plan

21.

22.

The imaging site must acquire and send images to AIIMS. AIIMS will then quality control the
images according to the Image Processing Manual. Queries are issued to the imaging site and
re-queried or escalated as per the Image Processing Manual.

Charter Modifications

Any modifications to the Imaging Charter after imaging of the patient that impact the
acquisition, analysis, interpretation or patient safety will be discussed

e may require re-training of the Radiologists
¢ will be documented appropriately in the revision history

¢ will have its document version number incremented accordingly to ensure traceability

Imaging and Data Transfer and Storage

Imaging sites will submit images directly to Dr. Niraj Pandey at AIIMS and Dr. Harish Mardavada
at WHC.

23. CT Scan Quality Review Process

Dr. Niraj Pandey will complete an over read of the first ten subjects’ Screening CT CAC scores).
Dr. Harish Mardavada will then complete a 10% monthly over read of subjects cases for the
duration of the study.

CAC(Agatston) Score Thresholds (Over Reads):

e A10% or lower difference between the CAC score (Agatston) measured by the two
reviewers is considered acceptable variability.

e Agreater than 10% difference between the CAC score (Agatston) measured by the two
reviewers will be discussed between the two and resolved. If required it will be referred to
a third reviewer, the Head of Cardiac Radiology at AlIMS, Prof. Sanjeev Sharma.

o If, after the joint review of the case, the CAC score (Agatston) is revised to be +10% of the
original score, the score will be updated.

If the number of over read cases requiring revision exceeds 8 (10% of the total expected over
reads (80 scans)) but revisions are across study reviewers, the over read percentage will increase
by 10% of monthly scans. If the overread cases requiring revision trend to one Independent Image
Reviewer, that reviewer will undergo refresher training.

page 9



References:

10.

11.

12.

13.

14.

15.

Arad Y, Goodman KJ, Roth M, Newstein D and Guerci AD. Coronary calcification, coronary
disease risk factors, C-reactive protein, and atherosclerotic cardiovascular disease events: the
St. Francis Heart Study. J Am Coll Cardiol. 2005;46:158-65.

Greenland P, LaBree L, Azen SP, Doherty TM and Detrano RC. Coronary artery calcium score
combined with Framingham score for risk prediction in asymptomatic individuals. JAMA.
2004;291:210-5.

Greenland P, Blaha MJ, Budoff MJ, Erbel R and Watson KE. Coronary Calcium Score and
Cardiovascular Risk. J Am Coll Cardiol. 2018;72:434-447.

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

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 and Tracy RP. Multi-Ethnic
Study of Atherosclerosis: objectives and design. Am J Epidemiol. 2002;156:871-81.

Demer LL and Tintut Y. Vascular calcification: pathobiology of a multifaceted disease.
Circulation. 2008;117:2938-48.

Hoffmann U, Massaro JM, Fox CS, Manders E and O'Donnell CJ. Defining normal distributions of
coronary artery calcium in women and men (from the Framingham Heart Study). Am J Cardiol.
2008;102:1136-41, 1141 e1.

Oei HH, Vliegenthart R, Hak AE, Iglesias del Sol A, Hofman A, Oudkerk M and Witteman JC. The
association between coronary calcification assessed by electron beam computed tomography
and measures of extracoronary atherosclerosis: the Rotterdam Coronary Calcification Study. J
Am Coll Cardiol. 2002;39:1745-51.

Schmermund A, Mohlenkamp S, Stang A, Gronemeyer D, Seibel R, Hirche H, Mann K, Siffert W,
Lauterbach K, Siegrist J, Jockel KH and Erbel R. Assessment of clinically silent atherosclerotic
disease and established and novel risk factors for predicting myocardial infarction and cardiac
death in healthy middle-aged subjects: rationale and design of the Heinz Nixdorf RECALL Study.
Risk Factors, Evaluation of Coronary Calcium and Lifestyle. Am Heart J. 2002;144:212-8.

LaMonte MJ, FitzGerald SJ, Church TS, Barlow CE, Radford NB, Levine BD, Pippin JJ, Gibbons
LW, Blair SN and Nichaman MZ. Coronary artery calcium score and coronary heart disease
events in a large cohort of asymptomatic men and women. Am J Epidemiol. 2005;162:421-9.

Raggi P, Shaw LJ, Berman DS and Callister TQ. Prognostic value of coronary artery calcium
screening in subjects with and without diabetes. J Am Coll Cardiol. 2004;43:1663-9.

McEvoy JW, Blaha MJ, Rivera JJ, Budoff MJ, Khan AN, Shaw LJ, Berman DS, Raggi P, Min JK,
Rumberger JA, Callister TQ, Blumenthal RS and Nasir K. Mortality rates in smokers and
nonsmokers in the presence or absence of coronary artery calcification. JACC Cardiovasc

Imaging. 2012;5:1037-45.
Shaw LJ, Raggi P, Callister TQ and Berman DS. Prognostic value of coronary artery calcium
screening in asymptomatic smokers and non-smokers. Eur Heart J. 2006;27:968-75.

Raggi P, Gongora M(, Gopal A, Callister TQ, Budoff M and Shaw LJ. Coronary artery calcium to
predict all-cause mortality in elderly men and women. J Am Coll Cardiol. 2008;52:17-23.

Tota-Maharaj R, Blaha MJ, McEvoy JW, Blumenthal RS, Muse ED, Budoff MJ, Shaw LJ, Berman

page 10



16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

DS, Rana JS, Rumberger J, Callister T, Rivera J, Agatston A and Nasir K. Coronary artery calcium
for the prediction of mortality in young adults <45 years old and elderly adults >75 years old. Eur
Heart J. 2012;33:2955-62.

Galper BZ, Wang YC and Einstein AJ. Strategies for Primary Prevention of Coronary Heart
Disease Based on Risk Stratification by the ACC/AHA Lipid Guidelines, ATP Il Guidelines,
Coronary Calcium Scoring, and C-Reactive Protein, and a Global Treat-All Strategy: A
Comparative—-Effectiveness Modeling Study. PLoS One. 2015;10:€0138092.

Hong JC, Blankstein R, Shaw LJ, Padula WV, Arrieta A, Fialkow JA, Blumenthal RS, Blaha MJ,
Krumholz HM and Nasir K. Implications of Coronary Artery Calcium Testing for Treatment
Decisions Among Statin Candidates According to the ACC/AHA Cholesterol Management
Guidelines: A Cost-Effectiveness Analysis. JACC Cardiovasc Imaging. 2017;10:938-952.

Pletcher MJ, Pignone M, Earnshaw S, McDade C, Phillips KA, Auer R, Zablotska L and Greenland
P. Using the coronary artery calcium score to guide statin therapy: a cost-effectiveness analysis.
Circ Cardiovasc Qual Outcomes. 2014;7:276-84.

Roberts ET, Horne A, Martin SS, Blaha MJ, Blankstein R, Budoff MJ, Sibley C, Polak JF, Frick KD,
Blumenthal RS and Nasir K. Cost-effectiveness of coronary artery calcium testing for coronary
heart and cardiovascular disease risk prediction to guide statin allocation: the Multi-Ethnic Study
of Atherosclerosis (MESA). PLoS One. 2015;10:€0116377.

van Kempen BJ, Ferket BS, Steyerberg EW, Max W, Myriam Hunink MG and Fleischmann KE.
Comparing the cost-effectiveness of four novel risk markers for screening asymptomatic
individuals to prevent cardiovascular disease (CVD) in the US population. Int J Cardiol.
2016;203:422-31.

van Kempen BJ, Spronk S, Koller MT, Elias-Smale SE, Fleischmann KE, Ikram MA, Krestin GP,
Hofman A, Witteman JC and Hunink MG. Comparative effectiveness and cost-effectiveness of
computed tomography screening for coronary artery calcium in asymptomatic individuals. J Am
Coll Cardiol. 2011;58:1690-701.

Bild DE, Detrano R, Peterson D, Guerci A, Liu K, Shahar E, Ouyang P, Jackson S and Saad MF.
Ethnic differences in coronary calcification: the Multi-Ethnic Study of Atherosclerosis (MESA).
Circulation. 2005;111:1313-20.

McClelland RL, Chung H, Detrano R, Post W and Kronmal RA. Distribution of coronary artery
calcium by race, gender, and age: results from the Multi-Ethnic Study of Atherosclerosis (MESA).
Circulation. 2006;113:30-7.

Sangiorgi G, Rumberger JA, Severson A, Edwards WD, Gregoire J, Fitzpatrick LA and Schwartz
RS. Arterial calcification and not lumen stenosis is highly correlated with atherosclerotic plaque
burden in humans: a histologic study of 723 coronary artery segments using nondecalcifying
methodology. J Am Coll Cardiol. 1998;31:126-33.

Stang A, Moebus S, Dragano N, Beck EM, Mohlenkamp S, Schmermund A, Siegrist J, Erbel R,
Jockel KH and Heinz Nixdorf Recall Study Investigation G. Baseline recruitment and analyses of
nonresponse of the Heinz Nixdorf Recall Study: identifiability of phone numbers as the major
determinant of response. Eur J Epidemiol. 2005;20:489-96.

Erbel R, Delaney JA, Lehmann N, McClelland RL, Mohlenkamp S, Kronmal RA, Schmermund A,

Moebus S, Dragano N, Stang A, Jockel KH, Budoff MJ, Multi-Ethnic Study of A and Investigator
Group of the Heinz Nixdorf Recall S. Signs of subclinical coronary atherosclerosis in relation to
risk factor distribution in the Multi-Ethnic Study of Atherosclerosis (MESA) and the Heinz

page 11



27.

28.

20.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39-

Nixdorf Recall Study (HNR). Eur Heart J. 2008;29:2782-91.

Hofman A, Brusselle GG, Darwish Murad S, van Duijn CM, Franco OH, Goedegebure A, [kram MA,
Klaver CC, Nijsten TE, Peeters RP, Stricker BH, Tiemeier HW, Uitterlinden AG and Vernooij MW.
The Rotterdam Study: 2016 objectives and design update. Eur J Epidemiol. 2015;30:661-708.

Kavousi M, Desai CS, Ayers C, Blumenthal RS, Budoff MJ, Mahabadi AA, Ikram MA, van der Lugt
A, Hofman A, Erbel R, Khera A, Geisel MH, Jockel KH, Lehmann N, Hoffmann U, O'Donnell CJ,
Massaro JM, Liu K, Mohlenkamp S, Ning H, Franco OH and Greenland P. Prevalence and
Prognostic Implications of Coronary Artery Calcification in Low-Risk Women: A Meta-analysis.
JAMA. 2016;316:2126-2134.

Vliegenthart R, Oudkerk M, Hofman A, Oei HH, van Dijck W, van Rooij FJ and Witteman JC.
Coronary calcification improves cardiovascular risk prediction in the elderly. Circulation.
2005;112:572-7.

Yano Y, O'Donnell CJ, Kuller L, Kavousi M, Erbel R, Ning H, D'Agostino R, Newman AB, Nasir K,
Hofman A, Lehmann N, Dhana K, Blankstein R, Hoffmann U, Mohlenkamp S, Massaro JM,
Mahabadi AA, Lima JAC, lkram MA, Jockel KH, Franco OH, Liu K, Lloyd-Jones D and Greenland P.
Association of Coronary Artery Calcium Score vs Age With Cardiovascular Risk in Older Adults:
An Analysis of Pooled Population-Based Studies. JAMA Cardiol. 2017;2:986-994.

Manson JE, Allison MA, Carr JJ, Langer RD, Cochrane BB, Hendrix SL, Hsia J, Hunt JR, Lewis CE,
Margolis KL, Robinson JG, Rodabough RJ, Thomas AM, Women's Health | and Women's Health
Initiative-Coronary Artery Calcium Study I. Calcium/vitamin D supplementation and coronary
artery calcification in the Women's Health Initiative. Menopause. 2010;17:683-91.

Shah RV, Spahillari A, Mwasongwe S, Carr JJ, Terry JG, Mentz RJ, Addison D, Hoffmann U, Reis J,
Freedman JE, Lima JAC, Correa A and Murthy VL. Subclinical Atherosclerosis, Statin Eligibility,
and Outcomes in African American Individuals: The Jackson Heart Study. JAMA Cardiol.
2017;2:644-652.

Sung JH, Yeboah J, Lee JE, Smith CL, Terry JG, Sims M, Samdarshi T, Musani S, Fox E, Ge Y,
Wilson JG, Taylor HA and Carr JJ. Diagnostic Value of Coronary Artery Calcium Score for
Cardiovascular Disease in African Americans: The Jackson Heart Study. Br J Med Med Res. 2016;11.

Baumgart D, Schmermund A, Goerge G, Haude M, Ge J, Adamzik M, Sehnert C, Altmaier K,
Groenemeyer D, Seibel R and Erbel R. Comparison of electron beam computed tomography
with intracoronary ultrasound and coronary angiography for detection of coronary
atherosclerosis. J Am Coll Cardiol. 1997;30:57-64.

Rumberger JA, Simons DB, Fitzpatrick LA, Sheedy PF and Schwartz RS. Coronary artery calcium
area by electron-beam computed tomography and coronary atherosclerotic plaque area. A
histopathologic correlative study. Circulation. 1995;92:2157-62.

Tintut Y, Alfonso Z, Saini T, Radcliff K, Watson K, Bostrom K and Demer LL. Multilineage
potential of cells from the artery wall. Circulation. 2003;108:2505-10.

Chen NX, Duan D, O'Neill KD and Moe SM. High glucose increases the expression of Cbfat and
BMP-2 and enhances the calcification of vascular smooth muscle cells. Nephrol Dial Transplant.
2006;21:3435-42.

Parhami F, Tintut Y, Ballard A, Fogelman AM and Demer LL. Leptin enhances the calcification of
vascular cells: artery wall as a target of leptin. Circ Res. 2001;88:954-60.

Tintut Y, Morony S and Demer LL. Hyperlipidemia promotes osteoclastic potential of bone
marrow cells ex vivo. Arterioscler Thromb Vasc Biol. 2004;24:e6-10.

page 12



40.

41.

42.

43.

44.

45.

46.

47.

48.

49.

50.

51.

52.

Luo XH, Zhao LL, Yuan LQ, Wang M, Xie H and Liao EY. Development of arterial calcification in
adiponectin-deficient mice: adiponectin regulates arterial calcification. J Bone Miner Res.
2009;24:1461-8.

Wang CC, Sorribas V, Sharma G, Levi M and Draznin B. Insulin attenuates vascular smooth
muscle calcification but increases vascular smooth muscle cell phosphate transport.
Atherosclerosis. 2007;195:e65-75.

Meijboom WB, Meijs MF, Schuijf JD, Cramer MJ, Mollet NR, van Mieghem CA, Nieman K, van
Werkhoven JM, Pundziute G, Weustink AC, de Vos AM, Pugliese F, Rensing B, Jukema JW, Bax
JJ, Prokop M, Doevendans PA, Hunink MG, Krestin GP and de Feyter PJ. Diagnostic accuracy of
64-slice computed tomography coronary angiography: a prospective, multicenter, multivendor
study. J Am Coll Cardiol. 2008;52:2135-44.

Budoff MJ, Dowe D, Jollis JG, Gitter M, Sutherland J, Halamert E, Scherer M, Bellinger R, Martin
A, Benton R, Delago A and Min JK. Diagnostic performance of 64-multidetector row coronary
computed tomographic angiography for evaluation of coronary artery stenosis in individuals
without known coronary artery disease: results from the prospective multicenter ACCURACY
(Assessment by Coronary Computed Tomographic Angiography of Individuals Undergoing
Invasive Coronary Angiography) trial. J Am Coll Cardiol. 2008;52:1724-32.

Miller JM, Rochitte CE, Dewey M, Arbab-Zadeh A, Niinuma H, Gottlieb |, Paul N, Clouse ME,
Shapiro EP, Hoe J, Lardo AC, Bush DE, de Roos A, Cox C, Brinker J and Lima JA. Diagnostic
performance of coronary angiography by 64-row CT. The New England journal of medicine.
2008;359:2324-36.

Voros S, Rinehart S, Qian Z, Joshi P, Vazquez G, Fischer C, Belur P, Hulten E and Villines TC.
Coronary atherosclerosis imaging by coronary CT angiography: current status, correlation with
intravascular interrogation and meta-analysis. JACC Cardiovascular imaging. 2011;4:537-48.

Cheng VY, Nakazato R, Dey D, Gurudevan S, Tabak J, Budoff MJ, Karlsberg RP, Min J and Berman
DS. Reproducibility of coronary artery plaque volume and composition quantification by 64-
detector row coronary computed tomographic angiography: an intraobserver, interobserver,
and interscan variability study. Journal of cardiovascular computed tomography. 2009;3:312-20.

Rinehart S, Vazquez G, Qian Z, Murrieta L, Christian K and Voros S. Quantitative measurements
of coronary arterial stenosis, plaque geometry, and composition are highly reproducible with a
standardized coronary arterial computed tomographic approach in high-quality CT datasets.
Journal of cardiovascular computed tomography. 2011;5:35-43.

Lehman SJ, Schlett CL, Bamberg F, Lee H, Donnelly P, Shturman L, Kriegel MF, Brady TJ and
Hoffmann U. Assessment of coronary plaque progression in coronary computed tomography
angiography using a semiquantitative score. JACC Cardiovascular imaging. 2009;2:1262-70.
Margolis JR, Chen JT, Kong Y, Peter RH, Behar VS and Kisslo JA. The diagnostic and prognostic
significance of coronary artery calcification. A report of 800 cases. Radiology. 1980;137:609-16.
Rumberger JA, Schwartz RS, Simons DB, Sheedy PF, 3rd, Edwards WD and Fitzpatrick LA.
Relation of coronary calcium determined by electron beam computed tomography and lumen
narrowing determined by autopsy. Am J Cardiol. 1994;73:1169-73.

Simons DB, Schwartz RS, Edwards WD, Sheedy PF, Breen JF and Rumberger JA. Noninvasive
definition of anatomic coronary artery disease by ultrafast computed tomographic scanning: a
quantitative pathologic comparison study. J Am Coll Cardiol. 1992;20:1118-26.

Budoff MJ, Diamond GA, Raggi P, Arad Y, Guerci AD, Callister TQ and Berman D. Continuous

page 13



53.

54.

55.

56.

57.

58.

59-

60.

61.

62.

63.

64.

65.

probabilistic prediction of angiographically significant coronary artery disease using electron
beam tomography. Circulation. 2002;105:1791-6.

Shavelle DM, Budoff MJ, LaMont DH, Shavelle RM, Kennedy JM and Brundage BH. Exercise
testing and electron beam computed tomography in the evaluation of coronary artery disease. J
Am Coll Cardiol. 2000;36:32-8.

Detrano R, Guerci AD, Carr JJ, Bild DE, Burke G, Folsom AR, Liu K, Shea S, Szklo M, Bluemke DA,
O'Leary DH, Tracy R, Watson K, Wong ND and Kronmal RA. Coronary calcium as a predictor of
coronary events in four racial or ethnic groups. The New England journal of medicine.
2008;358:1336-45.

Schmid M, Pflederer T, Jang IK, Ropers D, Sei K, Daniel WG and Achenbach S. Relationship
between degree of remodeling and CT attenuation of plaque in coronary atherosclerotic
lesions: an in-vivo analysis by multi-detector computed tomography. Atherosclerosis.
2008;197:457-64.

Kral BG, Becker LC, Vaidya D, Yanek LR, Qayyum R, Zimmerman SL, Dey D, Berman DS, Moy TF,
Fishman EK and Becker DM. Noncalcified coronary plaque volumes in healthy people with a
family history of early onset coronary artery disease. Circulation Cardiovascular imaging.
2014;7:446-53.

Hatwalkar A, Agrawal N, Reiss DS and Budoff MJ. Comparison of prevalence and severity of
coronary calcium determined by electron beam tomography among various ethnic groups. Am J
Cardiol. 2003;91:1225-7.

Jain P, Kooner JS, Raval U and Lahiri A. Prevalence of coronary artery calcium scores and silent
myocardial ischaemia was similar in Indian Asians and European whites in a cross-sectional study
of asymptomatic subjects from a U.K. population (LOLIPOP-IPC). J Nucl Cardiol. 2011;18:435-42.

Wasnik A, Raut A and Morani A. Coronary calcium scoring in asymptomatic Indian population:
correlation with age, gender and risk factors--a prospective study on 500 subjects. Indian Heart
J.2007;59:232-8.

Kronmal RA, McClelland RL, Detrano R, Shea S, Lima JA, Cushman M, Bild DE and Burke GL. Risk
factors for the progression of coronary artery calcification in asymptomatic subjects: results
from the Multi-Ethnic Study of Atherosclerosis (MESA). Circulation. 2007;115:2722-30.

Budoff MJ, Hokanson JE, Nasir K, Shaw LJ, Kinney GL, Chow D, Demoss D, Nuguri V, Nabavi V,
Ratakonda R, Berman DS and Raggi P. Progression of coronary artery calcium predicts all-cause
mortality. JACC Cardiovasc Imaging. 2010;3:1229-36.

Budoff MJ, Young R, Lopez VA, Kronmal RA, Nasir K, Blumenthal RS, Detrano RC, Bild DE, Guerci
AD, Liu K, Shea S, Szklo M, Post W, Lima J, Bertoni A and Wong ND. Progression of coronary
calcium and incident coronary heart disease events: MESA (Multi-Ethnic Study of
Atherosclerosis). J Am Coll Cardiol. 2013;61:1231-9.

Raggi P, Callister TQ and Shaw LJ. Progression of coronary artery calcium and risk of first
myocardial infarction in patients receiving cholesterol-lowering therapy. Arterioscler Thromb
Vasc Biol. 2004;24:1272-7.

Blaha MJ, Cainzos-Achirica M, Greenland P, McEvoy JW, Blankstein R, Budoff MJ, Dardari Z,
Sibley CT, Burke GL, Kronmal RA, Szklo M, Blumenthal RS and Nasir K. Role of Coronary Artery
Calcium Score of Zero and Other Negative Risk Markers for Cardiovascular Disease: The Multi-
Ethnic Study of Atherosclerosis (MESA). Circulation. 2016;133:849-58.

Mao SS, Pal RS, McKay CR, Gao YG, Gopal A, Ahmadi N, Child J, Carson S, Takasu J, Sarlak B,

page 14



66.

67.

68.

69.

70.

71.

72.

73.

74.

75-

Bechmann D and Budoff MJ. Comparison of coronary artery calcium scores between electron
beam computed tomography and 64-multidetector computed tomographic scanner. J Comput
Assist Tomogr. 2009;33:175-8.

Leipsic J, Abbara S, Achenbach S, Cury R, Earls JP, Mancini GJ, Nieman K, Pontone G and Raff GL.
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;8:342-58.

Criqui MH, Denenberg JO, Ix JH, McClelland RL, Wassel CL, Rifkin DE, Carr JJ, Budoff MJ and
Allison MA. Calcium density of coronary artery plaque and risk of incident cardiovascular events.
JAMA. 2014;311:271-8.

Alluri K, Joshi PH, Henry TS, Blumenthal RS, Nasir K and Blaha MJ. Scoring of coronary artery
calcium scans: history, assumptions, current limitations, and future directions. Atherosclerosis.
2015;239:109-17.

Ferencik M, Pencina KM, Liu T, Ghemigian K, Baltrusaitis K, Massaro JM, D'Agostino RB, Sr.,
O'Donnell CJ and Hoffmann U. Coronary Artery Calcium Distribution Is an Independent Predictor
of Incident Major Coronary Heart Disease Events: Results From the Framingham Heart Study.
Circ Cardiovasc Imaging. 2017;10.

Blaha MJ, Budoff MJ, Tota-Maharaj R, Dardari ZA, Wong ND, Kronmal RA, Eng J, Post WS,
Blumenthal RS and Nasir K. Improving the CAC Score by Addition of Regional Measures of
Calcium Distribution: Multi-Ethnic Study of Atherosclerosis. JACC Cardiovasc Imaging.
2016;9:1407-1416.

Tota-Maharaj R, Joshi PH, Budoff MJ, Whelton S, Zeb I, Rumberger J, Al-Mallah M, Blumenthal
RS, Nasir K and Blaha MJ. Usefulness of regional distribution of coronary artery calcium to
improve the prediction of all-cause mortality. Am J Cardiol. 2015;115:1229-34.

Alberti KG, Eckel RH, Grundy SM, Zimmet PZ, Cleeman JI, Donato KA, Fruchart JC, James WP,
Loria CM, Smith SC, Jr., International Diabetes Federation Task Force on E, Prevention, Hational
Heart L, Blood |, American Heart A, World Heart F, International Atherosclerosis S and
International Association for the Study of O. Harmonizing the metabolic syndrome: a joint
interim statement of the International Diabetes Federation Task Force on Epidemiology and
Prevention; National Heart, Lung, and Blood Institute; American Heart Association; World Heart
Federation; International Atherosclerosis Society; and International Association for the Study of
Obesity. Circulation. 2009;120:1640-5.

Kodama Y, Ng CS, Wu TT, Ayers GD, Curley SA, Abdalla EK, Vauthey JN and Charnsangavej C.
Comparison of CT methods for determining the fat content of the liver. AJR Am J Roentgenol.
2007;188:1307-12.

Chen CL, Cheng YF, Yu CY, Ou HY, Tsang LL, Huang TL, Chen TY, Concejero A, Wang CC, Wang
SH, Lin TS, Liu YW, Yang CH, Yong CC, Chiu KW, Jawan B, Eng HL, Chan SC, Sharr WW, Lo CM,
Tamura S, Sugawara Y, Kokudo N, Lee KW, Yi NJ, Suh KS, Moon DB, Lee SG, Ahn CS, Huang S,
Kim KH, Ha TY, Song GW, Jung DH, Park GC, Namkoong JM, Park HW, Park YH, Park CS, Sung KB,
Ko GY, Gwon DI, Kaido T, Ogawa K, Fujimoto Y, Ito T, Toniyama K, Mori A, Ogura Y, Uemoto S,
Yap AQ, Lin YH, Liu CY, Chiang YC, Lin CC, Shin M, Joh JW, Kabiling C, Hu TH, Kang SH, Jung BH
and Choi YR. Living donor liver transplantation: the Asian perspective. Transplantation. 2014;97
Suppl 8:S3.

Park SH, Kim PN, Kim KW, Lee SW, Yoon SE, Park SW, Ha HK, Lee MG, Hwang S, Lee SG, Yu ES
and Cho EY. Macrovesicular hepatic steatosis in living liver donors: use of CT for quantitative and

page 15



76.

77-

78.

79-

80.

81.

82.

83.

84.

qualitative assessment. Radiology. 2006;239:105-12.

Zeb 1, Li D, Nasir K, Katz R, Larijani VN and Budoff MJ. Computed tomography scans in the
evaluation of fatty liver disease in a population based study: the multi-ethnic study of
atherosclerosis. Acad Radiol. 2012;19:811-8.

Amarapurkar D, Kamani P, Patel N, Gupte P, Kumar P, Agal S, Baijal R, Lala S, Chaudhary D and
Deshpande A. Prevalence of non-alcoholic fatty liver disease: population based study. Ann
Hepatol. 2007;6:161-3.

Anurag L, Aniket S, Shalik J, Amarja L, Dhananjay R and Sachin J. Non-alcoholic fatty liver disease
prevalence and associated risk factors--A study from rural sector of Maharashtra. Trop
Gastroenterol. 2015;36:25-30.

Majumdar A, Misra P, Sharma S, Kant S, Krishnan A and Pandav CS. Prevalence of nonalcoholic
fatty liver disease in an adult population in a rural community of Haryana, India. Indian J Public
Health. 2016;60:26-33.

Mohan V, Farooq S, Deepa M, Ravikumar R and Pitchumoni CS. Prevalence of non-alcoholic fatty
liver disease in urban south Indians in relation to different grades of glucose intolerance and
metabolic syndrome. Diabetes Res Clin Pract. 2009;84:84-91.

Liu J, Musani SK, Bidulescu A, Carr JJ, Wilson JG, Taylor HA and Fox CS. Fatty liver, abdominal
adipose tissue and atherosclerotic calcification in'/African Americans: the Jackson Heart Study.
Atherosclerosis. 2012;224:521-5.

Davidson LE, Kuk JL, Church TS and Ross R. Protocol for measurement of liver fat by computed
tomography. J Appl Physiol (1985). 2006;100:864-8.

Bambha K, Belt P, Abraham M, Wilson LA, Pabst' M, Ferrell L, Unalp-Arida A, Bass N and
Nonalcoholic Steatohepatitis Clinical Research Network Research G. Ethnicity and nonalcoholic
fatty liver disease. Hepatology. 2012;55:769-80.

Liu J, Fox CS, Hickson D, Bidulescu A, Carr JJ and Taylor HA. Fatty liver, abdominal visceral fat,
and cardiometabolic risk factors: the Jackson Heart Study. Arterioscler Thromb Vasc Biol.
2011;31:2715-22.

page 16





