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Applications of Genetics to CAD

� Defining risk in the development of CAD

� Defining prognosis in those with CAD

� Pharmacogenomics and the use of genetics to select 
treatment

� Application of genetics into routine clinical care



"The only exercise I got was being a pall-bearer at  the funerals of friends who were 
exercise freaks."  - Winston Churchill     (© Richard  Lifton MD PhD)



Evidence for Genetic Influences in CAD

� Twin Studies:
– Identical twin whose co-twin died of early CHD 

» 8-fold risk in males
» 15-fold risk in females

– Fraternal twins whose co-twin died of early CHD
» 3.8-fold risk for men
» 2.6-fold risk for women

� ASHD risk 2.5-7x higher in 1st degree relatives of 
ASHD patients

� 1/3-1/2 of familial risk is independent of known risk 
factors (e.g., hypertension)

Marenberg et al. N Engl J Med 1994;330:1041–6.
Nasir K et al. Circulation2004;110:2150–6.

Snowden et al.Am J Epidemiol1982;115:217–22.



Strategies for Defining Genetic Risk Factors

� Candidate Gene Approaches

– Leverage the known pathophysiology of CAD

– Identify genetic/functional variants in pathways

– Test association of variants in cases and controls

� Whole Genome Association Studies

– Scan the entire genome in cases and controls

– Identify markers that differ significantly in cases/controls



Polygenic Polymorphisms Responsible for MI

� Atherosclerotic heart disease is pathophysiologically
complex
– Multiple contributing factors cause an MI

– Countless candidate genes
– Polygenic phenotypes and interactions likely

� Individual genes likely to confer minimal relative 
risks in general population with MI



Vulnerable
Plaque Rupture





Numerous Potential Candidate Genes

� As of 2005:
– Innumerable publications of putative genes associated 

with CAD and MI
– Most are in small studies

– Remarkably few have been replicated
– No basis for making a multi-gene profile of CAD risk

� Search for valid, independent genetic risk factors
� Comprehensive Systematic Literature search

– 300+ candidate genes for MI

– ~70 of them contain SNPs associated with MI or ASHD 
in 1+ case-control studies





80% power, one-tailed p < 0.05



Other Challenges in Genetic Studies

� Defining Controls
– Do they really have not have the disease, or has it not yet 

manifested itself?
» Younger patients may have an ACS in the future…

– How carefully must controls be phenotyped?
» Is an angiogram needed? IVUS? What about small plaques rupturing?

– What patient characteristics should be ‘adjusted’ for and which 
are on the causal pathway of the genetic mechanism of disease

� Racial admixture
– Different ancestral histories may introduce important biases
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Whole Genome Analyses

� Use markers scattered throughout the genome to 
define regions of interest
– ~300,000 – 1,000,000 SNPs needed

– Chips currently available and dropping in price

� Precludes a priori knowledge of disease mechanisms
� Challenging to analyze

– Balance of excluding false positives while not creating 
unacceptably large Type II errors

– Current emphasis on replication, rather than statistical 
methods



Early Promises of the WGA Approach

� A previously unknown region (9p21.3) has been 
identified as a risk factor for CAD (OR~1.3)
– Replicated in numerous samples by 3 different teams

� The identification of this new region allows inquiry 
into its mechanism of action

� Ongoing efforts at data sharing will improve the 
replication and validation of WGAs.

McPherson et al. Science2007; 316: 1488
Helgadottir et al. Science2007; 316: 1491
Samani et al. N Engl J Med2007;357:443
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Prognostic Significance of Genetic Variations

JAMA2005; 294:1526-1533



Nonsynonymous SNPs in the Adrenergic Receptor



Association of Compound Genotypes & Survival
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Standard therapy
Responders and Patients 

Not Predisposed to Toxicity

All patients with same diagnosis

Alternate therapy
non-responders

and toxic responders



Emerging Examples of Pharmacogenomics

� Treatment of Long QT syndrome
– LQT-1 (K+-channel defect) Rxed with � -blockers

– LQT-3 (Na+-channel defect) Rxed with flecanide

� Dosing of warfarin
– CYP2C9 and VKORC1 variants lead to increased 

susceptibility to warfarin

– FDA approved August 16, 2007
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Conceptual Framework for TRIUMPH Data



Conceptual Framework for TRIUMPH Data



Translational Research for Outcomes Research

Basic Outcomes
Research

Creation of 
Predictive Models

Identifying the 
Determinants of 

Outcomes

Improved Health

Creating novel IT 
solutions to translate 

risk-stratification models 
to the bedside



Demonstration



Conclusion

� The hunt is intense for genetic markers of CAD
� Multiple replications are needed for validation
� Other applications of cardiovascular genomics include:

– Prognosis

– Pharmacogenomics

� New strategies for integrating these new data will be 
needed to facilitate their translation into clinical 
practice





Risk Modeling in Medicine
Defining Relationships Between Clinical Determinants and Outcomes



ePRISM™: Clinical Risk Modeling at the Point-of-Care
Translating Outcomes Science to Healthcare Delivery
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Projected Symptoms at 6 Months Post-Procedure Bedside Decision Support Tool

ePRISM™™ Demo



The Future?

� A 52 yo WM
– IDDM

– HTN
– NSTEMI

– GG vs CC E27Q 
genotype 



Beta Blocker Benefits by Genotype

GG Genotype

CC Genotype


