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It is estimated that nearly 15% to 20% of MI patients have

none of the traditional risk factors and would be considered

“low risk” by current risk prediction scores.

The heritability of MI, which provides an estimate of the

genetic variance in MI risk, has been estimated at 40% to

60%.

CVD has genetic and environmental determinants, and is the 
leading cause of morbidity and mortality worldwide.
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Published GWA Reports

http://www.genome.gov/gwastudies
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Why genome-wide association studies?

SNP association with disease allele
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Illumina HumanHap300 Genotyping 
BeadChip (317K SNPs) Illumina

HumanHap550 Genotyping BeadChip 
(550K SNPs)

Illumina HumanHap Genotyping 
BeadChip (1M SNPs)

Affymetrix GeneChip Human Mapping 
100K array (115K SNPs) 

Affymetrix Genome-Wide Human SNP 
Array 5.0 (500K SNPs)

Affymetrix Genome-Wide Human SNP 
Array 6.0 (906K SNPs)

Why genome-wide association studies?

Diapositiv
a preparata da Giorgio Sesti e

 ceduta alla Società Ita
liana di D

iabetologia. 

 
Per avere una versione originale si prega di scrivere a siditalia@siditalia.it



Diapositiv
a preparata da Giorgio Sesti e

 ceduta alla Società Ita
liana di D

iabetologia. 

 
Per avere una versione originale si prega di scrivere a siditalia@siditalia.it



Diapositiv
a preparata da Giorgio Sesti e

 ceduta alla Società Ita
liana di D

iabetologia. 

 
Per avere una versione originale si prega di scrivere a siditalia@siditalia.it



Diapositiv
a preparata da Giorgio Sesti e

 ceduta alla Società Ita
liana di D

iabetologia. 

 
Per avere una versione originale si prega di scrivere a siditalia@siditalia.it



Diapositiv
a preparata da Giorgio Sesti e

 ceduta alla Società Ita
liana di D

iabetologia. 

 
Per avere una versione originale si prega di scrivere a siditalia@siditalia.it



Large-scale association analyses identifies 13 new susceptibility loci for 
coronary artery disease

Schunkert H et al. Nat Genet 43: 333–338, 2011
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A genome-wide association study in Europeans and South Asians identifies five
new loci for coronary artery disease. The Coronary Artery Disease (C4D) 

Genetics Consortium

Nat Genet 43:339-44, 2011
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Network analysis constructed with the top 222 SNPs

The top pathways, atherosclerosis signaling, liver X receptor (LXR)/retinoid X receptor (RXR) activation and 
farnesoid X receptor (FXR)/RXR activation, all harbor genes involved in lipid metabolism in addition to the acute 

phase response signaling (AAPRS) pathway. 

CARDIoGRAMplusC4D Consortium . Nat Genet  45: 25–33, 2013
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Clinical application of diabetes genetic information:

Can genetic markers improve CVD risk prediction over and 

above validated risk algorithms such as the Framingham 

risk score and a family history of CVD?
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Attributes of risk factors used in disease prediction

Holmes M V et al. Nat Rev Cardiol 8, 207–221, 2011 
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Common features of CAD genetic risk variants discovered by GWAS

 GWAS studies have identified variants that mediate their risk

through lipids or through hypertension and loci acting independently

of known risk factors.
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Risk loci associated with cholesterol or hypertension discovered by GWAS for 
CHD/MI

Roberts  R et al. J Am Coll Cardiol 60:1715–21, 2012
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 Loci underpinning LDL-C levels account for only 12–15% of the variance

of this quantitative trait.

 The increased relative risk (odds ratio) of each variant for CVD is small

with a mean increased risk of 18%.

Common features of CAD genetic risk variants discovered by GWAS
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Risk loci that do not associate with known risk factors discovered by GWAS for CHD/MI 

Roberts  R et al. J Am Coll Cardiol 60:1715–21, 2012
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Ideally, a predictive test should precisely assign all

screened individuals into disease-positive and disease-

negative groups according to whether they will develop

disease in the future or remain disease-free, respectively.
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In a perfect scenario, all individuals that

eventually develop disease test positive

(sensitivity 100%), all individuals who

remain disease-free test negative

(specificity 100%), all individuals with a

positive test later develop disease

(positive predictive value 100%), and all

individuals with a negative test remain

disease-free (negative predictive value

100%).

The ideal test: all people who develop disease are identified and no false 
positives exist 

Case Control

Holmes M V et al. Nat Rev Cardiol 8, 207–221, 2011 
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When a test relies on the presence or

absence of a common variant of small

effect would perform similarly to this

hypothetical test and would provide

limited discrimination for CHD, as carriage

is neither sufficient nor necessary to

develop CHD.

A test in which half of those who will develop disease and almost half of those who will 
not develop disease are labeled ‘test positive’

Case Control

Holmes M V et al. Nat Rev Cardiol 8, 207–221, 2011 
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When the test relies on the presence or

absence of a single risk factor associated

with a modest odds ratio for CHD risk

such as the use of a systolic blood-

pressure threshold of 160 mmHg would

perform similarly to this hypothetical test.

A test in which only a small fraction of those who develop disease are detected and a 
substantial number of those labeled ‘test positive’ remain disease-free 

Case Control

Holmes M V et al. Nat Rev Cardiol 8, 207–221, 2011 
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For the prediction of complex diseases, genotypes at multiple 

SNPs are often combined into scores calculated according to the 

number of risk alleles carried.

Genetic Risk Score
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Kathiresan S et al. N Engl J Med 358:1240-9,2008

Nine SNPs from 9 Loci of “cholesterol genes” and CVD
The Malmoe Diet and Cancer study (n=5,414; follow-up=10.6 yrs)
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Kathiresan S et al. N Engl J Med 358:1240-9,2008

Nine SNPs from 9 Loci of “cholesterol genes” and CVD
The Malmoe Diet and Cancer study (n=5,414; follow-up=10.6 yrs)
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Kathiresan S et al. N Engl J Med 358:1240-9,2008

Nine SNPs from 9 Loci of “cholesterol genes” and CVD
Genotype score, per single unfavorable allele 1.15 (1.07–1.24); P<0.001
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Area under the ROC Curve for Genetic Models Predicting CVD
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Kathiresan S et al. N Engl J Med 358:1240-9,2008

Receiver-Operating-Characteristic (ROC) Curves for Incident Myocardial Infarction, 
Ischemic Stroke, or Death from Coronary Heart Disease during 10-Year Follow-up

Genotype score
No genotype score

The C statistic (area under the ROC curve) for 
total cardiovascular events was the same (0.80) 

for both risk models.
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Geoffrey Rose determined that more cases of CVD occur among

the majority at ‘average risk’ than among the minority at ‘high

risk’, because of the linear association between risk factors and

CHD events, and owing to the normal distribution of risk factors

within populations.

Relevance of Rose’s prevention paradox to genetic risk factors
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Relationship between cholesterol level and CHD risk in the general population 

Holmes M V et al. Nat Rev Cardiol 8, 207–221, 2011 
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Approximate distribution of cholesterol in the general population, overlaid on the graph 
showing the relationship between cholesterol level and risk of CHD events

Holmes M V et al. Nat Rev Cardiol 8, 207–221, 2011 
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The prevention paradox
Depiction of the overlap in cholesterol levels between those who will later develop CHD 

and those remaining healthy in a typical prospective study

Holmes M V et al. Nat Rev Cardiol 8, 207–221, 2011 

The vertical line illustrates that an 
arbitrary cut-point set at 7 mmol/l TC 
does little to distinguish individuals 

who develop disease from those who 
remain disease-free. 
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Association between genetic risk score (13 SNPs) and incident myocardial infarction-
FINRISK 1992, 1997, and 2002, the Health 2000 study, Malmo Diet and Cancer, and 

Malmo Preventive Project

Ripatti S et al. Lancet 376: 1393–400, 2010
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Distributions at baseline of genetic risk score, LDL, systolic BP, and CRP by 10-year 
incident coronary heart disease event status in FINRISK 1992 and 1997 cohorts

Ripatti S et al. Lancet 376: 1393–400, 2010
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Holmes M V et al. Nat Rev Cardiol 8, 207–221, 2011 

Relevance of Rose’s prevention paradox to genetic risk factors

Since the frequency distribution of risk allele scores in a population is approximately normal, most cases of CHD 
in the population are expected among the majority of individuals with an intermediate number of genetic risk 

alleles.
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Manolio TA. N Engl J Med 363:166-76, 2010

Reclassification of Persons at Various Levels of Risk, According to Risk 
Thresholds
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Reclassification of individuals in the FINRISK 1992 and 1997 cohorts on the basis of 
10-year predicted risk of coronary heart disease with and without genetic risk score

Ripatti S et al. Lancet 376: 1393–400, 2010

Net reclassification improvement
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Direct-to-consumer genetic tests are already available 

in many disease areas, but many have argued that this 

implementation is premature.
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 In mid-2010, the US FDA advised commercial providers of genetic

information that direct-to-consumer genetic tests are medical devices

and might require FDA approval before commercial use;

 None of the major healthcare providers in Europe and the USA has

adopted these tests for CHD risk prediction; however, individuals are able

to purchase a ‘genetic risk profile’ through the commercial sector.

Direct-to-consumer genetic tests 
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 At present, issues relating to the performance and utility of genetic tests

do not form a major part of medical training, and many clinicians might

feel that they lack the necessary grounding required to effectively utilize

such tests in a clinical setting;

 Concern about the use of DNA-based tests in relation to confidentiality,

access to insurance products, and discrimination in the workplace.

Direct-to-consumer genetic tests 
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Holmes M V et al. Nat Rev Cardiol 8, 207–221, 2011 

Population screening using common CHD-risk alleles

NNS, number needed to screen; NNT, number needed to treat. 
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With recent and near-future expiries of patents for the

first statins, minimal improvement of risk stratification using

genotype might not make genetic-based prediction a priority.
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Investigative pathways leading from gene discovery to clinical application

O’Donnell C et al. N Engl J Med 365:2098-109, 2011
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Ultimate Goal
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