
AHA 2017 Scientific Statement 
Highlights the Corus® CAD Test1

AHA Scientific Statement

e1

© 2017 American Heart Association, Inc.

Circ Cardiovasc Genet is available at http://circgenetics.ahajournals.org DOI: 10.1161/HCG.0000000000000037

Abstract—There have been major advances in our knowledge of the contribution of DNA sequence variations to 
cardiovascular disease and stroke. However, the inner workings of the body reflect the complex interplay of factors 
beyond the DNA sequence, including epigenetic modifications, RNA transcripts, proteins, and metabolites, which together
can be considered the “expressed genome.” The emergence of high-throughput technologies, including epigenomics, 
transcriptomics, proteomics, and metabolomics, is now making it possible to address the contributions of the expressed 
genome to cardiovascular disorders. This statement describes how the expressed genome can currently and, in the future, 
potentially be used to diagnose diseases and to predict who will develop diseases such as coronary artery disease, stroke, 
heart failure, and arrhythmias. (Circ Cardiovasc Genet. 2017;10:e000037. DOI: 10.1161/HCG.0000000000000037.)

Key Words: AHA Scientific Statements ! cardiovascular diseases ! DNA ! epigenomics 
! genome ! metabolomics ! proteomics ! stroke

The American Heart Association makes every effort to avoid any actual or potential conflicts of interest that may arise as a result of an outside relationship 
or a personal, professional, or business interest of a member of the writing panel. Specifically, all members of the writing group are required to complete 
and submit a Disclosure Questionnaire showing all such relationships that might be perceived as real or potential conflicts of interest.

This statement was approved by the American Heart Association Science Advisory and Coordinating Committee on March 13, 2017, and the American 
Heart Association Executive Committee on April 17, 2017. A copy of the document is available at http://professional.heart.org/statements by using 
either “Search for Guidelines & Statements” or the “Browse by Topic” area. To purchase additional reprints, call 843-216-2533 or e-mail kelle.ramsay@
wolterskluwer.com.

The American Heart Association requests that this document be cited as follows: Musunuru K, Ingelsson E, Fornage M, Liu P, Murphy AM, Newby 
LK, Newton-Cheh C, Perez MV, Voora D, Woo D; on behalf of the American Heart Association Committee on Molecular Determinants of Cardiovascular 
Health of the Council on Functional Genomics and Translational Biology and Council on Epidemiology and Prevention; Council on Cardiovascular 
Disease in the Young; Council on Cardiovascular and Stroke Nursing; Council on Cardiovascular Surgery and Anesthesia; Council on Clinical Cardiology; 
and Stroke Council. The expressed genome in cardiovascular diseases and stroke: refinement, diagnosis, and prediction: a scientific statement from the 
American Heart Association. Circ Cardiovasc Genet. 2017;10:e000037. DOI: 10.1161/HCG.0000000000000037.

Expert peer review of AHA Scientific Statements is conducted by the AHA Office of Science Operations. For more on AHA statements and guidelines 
development, visit http://professional.heart.org/statements. Select the “Guidelines & Statements” drop-down menu, then click “Publication Development.”

Permissions: Multiple copies, modification, alteration, enhancement, and/or distribution of this document are not permitted without the express 
permission of the American Heart Association. Instructions for obtaining permission are located at http://www.heart.org/HEARTORG/General/Copyright-
Permission-Guidelines_UCM_300404_Article.jsp. A link to the “Copyright Permissions Request Form” appears on the right side of the page.

In no small part as a result of the completion of the Human
Genome Project, considerable effort has been invested over

the past few decades in understanding the contribution of genet-
ics to the risk of cardiovascular diseases and stroke. Genome-
wide association studies, candidate gene sequencing studies,
and unbiased whole-exome sequencing studies of large size
have been completed for a wide variety of cardiovascular phe-
notypes. Many other such studies are in progress. These studies
have resulted in major advances in our knowledge of the contri-
bution of variation in the DNA sequence to these phenotypes.1

Somewhat less attention has been given to the factors that
render the genetic code into the functional consequences that
influence a person’s health, that is, the “expressed genome,”
including gene-regulatory elements, RNA transcripts, proteins,
metabolites, and circulating cells in the bloodstream (Figure).
Accordingly, the relationships between these factors and car-
diovascular diseases and stroke are less well understood. The
recent emergence of high-throughput technologies centered on
transcriptomics, epigenomics, proteomics, metabolomics, etc,
is now making it possible to address the contributions of the

The Expressed Genome in Cardiovascular Diseases 
and Stroke: Refinement, Diagnosis, and Prediction
A Scientific Statement From the American Heart Association

Kiran Musunuru, MD, PhD, MPH, FAHA, Chair; Erik Ingelsson, MD, PhD, FAHA, Co-Chair; 
Myriam Fornage, PhD, FAHA; Peter Liu, MD, FAHA; Anne M. Murphy, MD, FAHA;  
L. Kristin Newby, MD, MHS, FAHA; Christopher Newton-Cheh, MD, MPH, FAHA;

Marco V. Perez, MD; Deepak Voora, MD, FAHA; Daniel Woo, MD, MS, FAHA; on behalf of the 
American Heart Association Committee on Molecular Determinants of Cardiovascular Health of the 

Council on Functional Genomics and Translational Biology and Council on Epidemiology and Prevention; 
Council on Cardiovascular Disease in the Young; Council on Cardiovascular and Stroke Nursing; Council 

on Cardiovascular Surgery and Anesthesia; Council on Clinical Cardiology; and Stroke Council

 by guest on July 31, 2017
http://circgenetics.ahajournals.org/

D
ow

nloaded from
 

“The largest body of work around gene expression profiling for CAD related 
to the development of a clinically available diagnostic test for CAD.”1

“As a result of this work, the Corus CAD test is a clinically available diagnostic 
test that has been evaluated, has been deemed to be valid and useful…”1

•  The American Heart Association publishes medical guidelines and scientific statements on specific
cardiovascular disease topics that serve to guide clinical decisions.

•  These statements represent AHA’s position and are based on a comprehensive review and analysis of the
current research, clinical data, peer-reviewed publications and their impact or relationship to cardiovascular 
patient management.

•  Scientific statements are written by an independent panel of experts convened by the AHA to perform
such evaluations. 

What is a Scientific Statement?2
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NCI Criteria for the Evaluation of Genomic Tests

thus limiting their conclusions.25,26 The largest body of work 
around gene expression profiling for CAD is related to the 
development of a clinically available diagnostic test for CAD 
(Corus CAD). Because the focus of these studies was the 
development of a novel diagnostic test, the choice of patient 
populations, study design, and RNA transcripts was driven 
by the need to build a predictive model for a specific diag-
nostic test rather disease pathobiology. Nevertheless, the 
culmination of this work with microarray analysis led to the 
discovery of genes associated with the presence and extent 
of CAD.27 The final algorithm uses age, sex, and the expres-
sion levels of 23 genes in peripheral blood RNA as assessed 
by PCR to classify obstructive CAD (ie, !50% stenosis in at 
least 1 major coronary artery).28 The diagnostic accuracy of 
the algorithm was demonstrated in prospective independent 
cohorts with a sensitivity of "85% and a negative predictive 
value of "85% in diagnosing CAD.29,30 Although the algo-
rithm applies only to patients without diabetes mellitus and, 
unlike traditional stress testing, does not provide prognostic 
information, it provides a validated noninvasive laboratory 
test to diagnose obstructive CAD.

Most gene expression studies of CAD have focused on 

The Corus CAD test was based on initial discovery using 
microarrays and independent validation using reverse-tran-
scriptase PCR of genes that were identified for their collective 
ability to identify patients with or without obstructive CAD.27 
This initial discovery work led to the development of pre-
defined technical and quality control parameters required for 
a diagnostic test using peripheral blood reverse-transcriptase 
PCR58 and a statistical model using age, sex, and the expres-
sion of these 23 genes to identify nondiabetic patients with a 
high likelihood of obstructive CAD.28 The performance of this 
retrospectively developed model was prospectively assessed 
in 2 studies29,30 in symptomatic patients with suspected CAD. 
The clinical utility of the Corus CAD test has also been pro-
spectively assessed59–62 with respect to the initial diagnostic 
workup of patients with suspected CAD. As a result of this 
work, the Corus CAD test is a clinically available diagnos-
tic test that has been evaluated, has been deemed to be valid 
and useful, and accordingly is covered by many insurers. 
The AlloMap test has similarly been rigorously assessed in 
terms of developing and validating a statistical model with 
peripheral blood gene expression used to diagnose cardiac 
rejection.54 The use of AlloMap in the management of cardiac 
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Table. National Cancer Institute Criteria for the Use of Omics-Based Predictors in Clinical Trials

Domain Criteria

Specimen issues Establish methods for specimen collection and processing and appropriate storage conditions to ensure the suitability of specimens for use with the 
omics test.

Establish criteria for screening out inadequate or poor-quality specimens or analytes isolated from those specimens before performing assays.

Specify the minimum amount of specimen required.

Determine the feasibility of obtaining specimens that will yield the quantity and quality of isolated cells or analytes needed for successful assay 
performance in clinical settings.

Assay issues Review all available information about the SOPs used by the laboratories that performed the omics assays in the developmental studies, including 
information on technical protocol, reagents, analytical platform, assay scoring, and reporting method, to evaluate the comparability of the current 
assay to earlier versions and to establish the point at which all aspects of the omics test were definitively locked down for final validation.

Establish a detailed SOP to conduct the assay, including technical protocol, instrumentation, reagents, scoring and reporting methods, calibrators 
and analytical standards, and controls.

Establish acceptability criteria for the quality of assay batches and for results from individual specimens.

Validate assay performance by using established analytical metrics such as accuracy, precision, coefficient of variation, sensitivity, specificity, linear 
range, limit of detection, and limit of quantification, as applicable.

Establish acceptable reproducibility among technicians and participating laboratories and develop a quality assurance plan to ensure adherence to a 
detailed SOP and to maintain reproducibility of test results during the clinical trial.

Establish a turnaround time for test results that is within acceptable limits for use in real-time clinical settings.

Model development, 
specification, 
and preliminary 
performance 
evaluation

Evaluate data used in developing and validating the predictor model to check for accuracy, completeness, and outliers. Perform retrospective 
verification of the data quality if necessary.

Assess the developmental data sets for technical artifacts (eg, effects of assay batch, specimen handling, assay instrument or platform, reagent, or 
operator), focusing particular attention on whether any artifacts could potentially influence the observed association between the omics profiles and 
clinical outcomes.

Evaluate the appropriateness of the statistical methods used to build the predictor model and to assess its performance.

Establish that the predictor algorithm, including all data preprocessing steps, cut points applied to continuous variables (if any), and methods for assigning 

around Clinical Laboratory Improvement Amendments/the 
US Food and Drug Administration. The National Cancer 
Institute’s set of 30 criteria to evaluate potential omics-based 
predictors for clinical use (Table) should be considered in 
judging whether a particular test is appropriate for patient 
care. The 2 transcriptomic tests discussed in this section, 
Corus CAD and AlloMap, have met many of these criteria.

The Corus CAD test was based on initial discovery using 

Corus CAD Has Met Many of the National Cancer Institute’s 30 Criteria for Evaluating 
Genomic Tests for Clinical Use, Suggesting the Strength and Quality of the Corus CAD 
Clinical Evidence.


