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From Risk Factors to Genetics and Serum 
Biomarkers

•• Major risk factors & risk scoresMajor risk factors & risk scores

•• Risk Prediction Beyond Traditional Risk FactorsRisk Prediction Beyond Traditional Risk Factors

•• BiomarkersBiomarkers

•• Family HistoryFamily History

•• Genetics and GenomicsGenetics and Genomics



Clinical Cardiovascular Disease:  Clinical Cardiovascular Disease:  
Heart Failure, Heart Failure, 

Arrhythmia, Myocardial Infarction, Arrhythmia, Myocardial Infarction, 
and Strokeand Stroke

Major Traditional Risk Factors:  
SBP, DBP, Cholesterol, LDL, HDL, 

Diabetes Mellitus

Progression from Risk Factors 
to Clinical Cardiovascular Disease



Framingham Heart Study

Downtown Framingham, MA (circa 1960)



“Factors of Risk” for CVD

• High Blood Pressure
• Increased Cholesterol
• Smoking
• Diabetes
• Family History
• Male Gender

Annals of Internal Medicine
November 1961 

Vol. 55, No.1



Framingham Heart Study: 60 Years Young

Framingham Tribute by Secretary Leavitt DHHS, NIH and BUMC, November 29, 2007



Framingham Risk Algorithm



Framingham CHD Risk Algorithm
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Tot Chol 180 240 240 240 240

HDL Chol 50 50 35 35 35

Smoking No No No Yes Yes

Diabetes No No No No Yes

Source:  Framingham Heart Study, Wilson  et al. Circulation 1998Source:  Framingham Heart Study, Wilson  et al. Circulation 1998;97:1837.  ;97:1837.  
Example shown for Typical 55 YearExample shown for Typical 55 Year--Old Man.Old Man.



JAMA . 2001;285:2486-2497.

Assessing Hard CHD Risk in Men
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20-34 -9
35-39 -4
40-44 0
45-49 3
50-54 6
55-59 8
60-64 10
65-69 11
70-74 12
75-79 13
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<160 0 0 0 0 0
160-199 4 3 2 1 0
200-239 7 5 3 1 0
240-279 9 6 4 2 1

³³³³ 280 11 8 5 3 1
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³³³³ 60 -1

50-59 0

40-49 1

<40 2
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<120 0 0
120-129 0 1
130-139 1 2
140-159 1 2

³³³³ 160 2 3
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Nonsmoker 0 0 0 0 0
Smoker 8 5 3 1 1

Age
Total cholesterol
HDL-cholesterol
Systolic blood pressure
Smoking status
Point total
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<0 <1% 11 8%
0 1% 12 10%
1 1% 13 12%
2 1% 14 16%
3 1% 15 20%
4 1% 16 25%
5 2% ³³³³ 17 ³³³³ 30%
6 2%
7 3%
8 4%
9 5%
10 6%
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Example: 52 year old male, TotalExample: 52 year old male, Total--cholchol 250, HDL250, HDL--cholchol
39, BP 146/88 on drugs, no diabetes or cigarettes.39, BP 146/88 on drugs, no diabetes or cigarettes.



ATP III Guidelines:  Steps 1-8
STEP 1: Determine fasting lipoprotein levels
• Determine ATP III Classification of LDL Cholesterol 

<100 Optimal 100-129 Near Optimal 130-159 Borderline High 
160-189 High 190 Very high

STEP 2: Identify presence of clinically apparent disease--high risk for 
CHD events (ie, CHD risk equivalent

STEP 3: Determine presence of major risk factors (other than LDL)
• Age >45 y men, > 55 y women; Cigarette smoking; Hypertension; Low HDL-C: Family history 

of premature CHD 

STEP 4: If 2+ risk factors (other than LDL) present without CHD or 
CHD risk equivalent, assess 10-year (short-term) CHD risk (use 
Framingham risk score).

• >20% -- CHD risk equivalent        10-20% --intermediate risk    <10% --low risk

STEPS 5-8:  Initiation of therapeutic lifestyle changes and/or drug Rx



Prevalence of Low, Intermediate and High 
10-Year Coronary Risk, NHANES 1988-1994
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*Ford et al, JACC 2004;43:1791*Ford et al, JACC 2004;43:1791



Lifetme Risk of Risk Factors and 
FHS CHD Risk Score

Tertile of FHS Risk Score, Age 50
Men                              Women

Lloyd-Jones et al. Circulation. 2006;113:791-798.
Lloyd-Jones et al. Am J Cardiol 2004;94:20–24.



Low Level of Risk Factor Awareness and 
Treatment in US, NHANES 1999-2000
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Hypertension*, BPHypertension*, BP>>140/90 mmHg140/90 mmHg HyperlipidemiaHyperlipidemia **, **, TCholTChol>>240 mg/240 mg/dLdL

*Hajjar et al, JAMA 2003;290:199. *Hajjar et al, JAMA 2003;290:199. 
**Ford et al, Circulation 2003;107:2185**Ford et al, Circulation 2003;107:2185



Clinical Cardiovascular Disease:  Clinical Cardiovascular Disease:  
Heart Failure, Heart Failure, 

Arrhythmia, Myocardial Infarction, Arrhythmia, Myocardial Infarction, 
and Strokeand Stroke

Major Traditional Risk Factors:  
SBP, DBP, Cholesterol, LDL, HDL, 

Diabetes Mellitus
Emerging BioMarkers: Metabolic, 
Inflammation, Thrombosis, Redox

Progression from Risk Factors 
to Clinical Cardiovascular Disease



CRP Cycle 2 and Incident CVD

Wilson and O’Donnell. AHA 2006. C statistic: w/o CRP: 0.792 (0.766, 0.817)
and with CRP: 0.797 (0.772, 0.823).



Reclassification: hsCRP& Family History

Ridker PM. JACC 2007;49:1



CRP Cycle 2 and Incident CVD

Wilson and O’Donnell. AHA 2006.
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•There is significant 
reclassification

•The magnitude of 
reclassification is modest

•Data are limited to date
regarding benefits and 
risks of aggressive 
Rx of reclassified subjects



Multiple Biomarkers & Incident CVD

Biomarkers in Model:
CRP, BNP, NT-ANP, aldosterone, 
renin, fibrinogen, 
D-dimer, PAI-1, HCY; and urinary 
albumin/creatinine ratio.

Wang et al. NEJM 2006;355:2631.



ARIC: Area Under the ROC Curve 
for CHD Prediction by Biomarkers

Folsom, A. R. et al. Arch Intern Med 2006;166:1368-1373.



Clinical Cardiovascular Disease:  Clinical Cardiovascular Disease:  
Heart Failure, Heart Failure, 

Arrhythmia, Myocardial Infarction, Arrhythmia, Myocardial Infarction, 
and Strokeand Stroke

SubclinicalSubclinical Disease of Arteries, Disease of Arteries, 
Ventricle and Conduction System Ventricle and Conduction System 

Major Traditional Risk Factors:  
SBP, DBP, Cholesterol, LDL, HDL, 

Diabetes Mellitus
Emerging BioMarkers: Metabolic, 

Inflammation, Thrombosis

Progression from Risk Factors 
to Clinical Cardiovascular Disease



Greenland et al. Circulation 2002;104:1863.



CT Imaging for Atherosclerosis

n=3504 Framingham Heart Study Offspring & Gen IIIn=3504 Framingham Heart Study Offspring & Gen III
20022002--2005 (members of families)2005 (members of families)



Updated Meta-Analysis in High Risk 
Asymptomatic Persons: Subgroup Analysis

Source:  Source:  PletcherPletcher et al.  Archives et al.  Archives IntInt Med 2004;164;1285Med 2004;164;1285--12921292



CAC Prediction Independent of Risk 
Factors and in Persons at Intermediate Risk

Source:  ACCF/AHA Consensus Guideline Feb 12, 2007. JACC 2007;49Source:  ACCF/AHA Consensus Guideline Feb 12, 2007. JACC 2007;49:378.:378.



Clinical Cardiovascular Disease:  Clinical Cardiovascular Disease:  
Heart Failure, Heart Failure, 

Arrhythmia, Myocardial Infarction, Arrhythmia, Myocardial Infarction, 
and Strokeand Stroke

SubclinicalSubclinical Disease of Arteries, Disease of Arteries, 
Ventricle and Conduction SystemVentricle and Conduction System

Major Traditional Risk Factors:  
SBP, DBP, Cholesterol, LDL, HDL, 

Diabetes Mellitus
Emerging BioMarkers: Metabolic, 

Inflammation, Thrombosis

Progression from Risk Factors 
to Clinical Cardiovascular Disease

GeneticGenetic

DeterminantsDeterminants

EnvironmentalEnvironmental

ModificationModification



Premature CVD in Parents* or Siblings** 
Leads to Increased Relative Risk of CVD

 Positive Parental History of Premature CVD 
Model Adjustment None Both ³³³³ 1 Parent 
Men    
       Age-adjusted 1.0  3.1 2.6 
       Multivariable-adjusted* 1.0  2.4 2.0 
Women    
       Age-adjusted 1.0  4.1 2.3 
       Multivariable-adjusted* 1.0  2.8 1.7 
 *Lloyd-Jones et al. JAMA 2004;291:2204.  Adj. for age, total/HDL, SBP, anti-HTN Rx, AODM, BMI, current smoking.

In further multivariable-adjusted** model adjusting for BOTH 
SiblingCVD and ParentalCVD:
Rel. Risk = 2.0 for Sibling CVD versus
Rel. Risk = 1.5  for Parental CVD

**Murabito et al. JAMA 2006;294:3117-3123.  Adj. for age, total/HDL, SBP, anti-HTN Rx, AODM, BMI, current smoking.



Pre-Genome Project:  SingleCandidate Gene 
Variants Studied for Coronary Heart Disease

1.34

0.68

1.20

1.19

1.21

1.21

1.42 

Relative 
Risk 

16

4

10

22

19

72

48

N of 
Studies

6,212 / 6,737Intron-4ENOS

745 / 816G-455AFibrinogen B

1,515 /  1,8664G/5GPAI-1

6,007 / 5,609Ins/DelApolipo B

2,848 / 10,256D/IACE

12,193 / 11,945C677TMTHFR

15,492 / 32,965� 4/� 4Apo E

N of Cases / ControlsVariantGene

Adapted from Ginsburg G et al. JACC 200546:1615.Adapted from Ginsburg G et al. JACC 200546:1615.



“2.85 billion nucleotides 
…encode only 20,000-25,000 
protein-coding genes”

Nature October 21 2004;431:931.

The genome consists of “a block-
like structure of linkage 
disequilibrium…leading to 
substantial correlations of SNPs
with many of their neighbours”

The Human Genome and Hapmap Projects

Science October 27 2005;431:931



CCCCAGCCTCCTTGCCAACGCCCCCTTTCCCTCTCCCCCTCCCGCTCGGCGCTGACCCCCCATC
CCCACCCCCGTGGGAACACTGGGAGCCTGCACTCCACAGACCCTCTCCTTGCCTCTTCCCTCAC
CTCAGCCTCCGCTCCCCGCCCTCTTCCCGGCCCAGGGCGCCGGCCCACCCTTCCCTCCGCCGC
CCCCCGGCCGCGGGGAGGACATGGCCGCGCACAGGCCGGTGGAATGGGTCCAGGCCGTGGTC
AGCCGCTTCGACGAGCAGCTTCCAATAAAAACAGGACAGCAGAACACACATACCAAAGTCAGTAC
TGAGCACAACAAGGAATGTCTAATCAATATTTCCAAATACAAGTTTTCTTTGGTTATAAGCGGCCT
CACTACTATTTTAAAGAATGTTAACAATATGAGAATATTTGGAGAAGCTGCTGAAAAAAATTTATAT
CTCTCTCAGTTGATTATATTGGATACACTGGAAAAATGTCTTGCTGGGCAACCAAAGGACACAATG
AGATTAGATGAAACGATGCTGGTCAAACAGTTGCTGCCAGAAATCTGCCATTTTCTTCACACCTGT
CGTGAAGGAAACCAGCATGCAGCTGAACTTCGGAATTCTGCCTCTGGGGTTTTATTTTCTCTCAG
CTGCAACAACTTCAATGCAGTCTTTAGTCGCATTTCTACCAGGTTACAGGAATTAACTGTTTGTTC
AGAAGACAATGTTGATGTTCATGATATAGAATTGTTACAGTATATCAATGTGGATTGTGCAAAATTA
AAACGACTCCTGAAGGAAACAGCATTTAAATTTAAAGCCCTAAAGAAGGTTGCGCAGTTAGCAGT
TATAAATAGCCTGGAAAAGGCATTTTGGAACTGGGTAGAAAATTATCCAGATGAATTTACAAAACT
GTACCAGATCCCACAGACTGATATGGCTGAATGTGCAGAAAAGCTATTTGACTTGGTGGATGGTT
TTGCTGAAAGCACCAAACGTAAAGCAGCAGTTTGGCCACTACAAATCATTCTCCTTATCTTGTGTC
CAGAAATAATCCAGGATATATCCAAAGACGTGGTTGATGAAAACAACATGAATAAGAAGTTATTTC
TGGACAGTCTACGAAAAGCTCTTGCTGGCCATGGAGGAAGTAGGCAGCTGACAGAAAGTGCTGC
AATTGCCTGTGTCAAACTGTGTAAAGCAAGTACTTACATCAATTGGGAAGATAACTCTGTCATTTT
CCTACTTGTTCAGTCCATGGTGGTTGATCTTAAGAACCTGCTTTTTAATCCAAGTAAGCCATTCTC
AAGAGGCAGTCAGCCTGCAGATGTGGATCTAATGATTGACTGCCTTGTTTCTTGCTTTCGTATAAG
CCCTCACAACAACCAACACTTTAAGATCTGCCTGGCTCAGAATTCACCTTCTACATTTCACTATGT
GCTGGTAAATTCACTCCATCGAATCATCACCAATTCCGCATTGGATTGGTGGCCTAAGATTGATGC
TGTGTATTGTCACTCGGTTGAACTTCGAAATATGTTTGGTGAAACACTTCATAAAGCAGTGCAAGG
TTGTGGAGCACACCCAGCAATACGAATGGCACCGAGTCTTACATTTAAAGAAAAAGTAACAAGCC
TTAAATTTAAAGAAAAACCTACAGACCTGGAGACAAGAAGCTATAAGTATCTTCTCTTGTCCATGG
TGAAACTAATTCATGCAGATCCAAAGCTCTTGCTTTGTAATCCAAGAAAACAGGGGCCCGAAACC
CAAGGCAGTACAGCAGAATTAATTACAGGGCTCGTCCAACTGGTCCCTCAGTCACACATGCCAGA
GATTGCTCAGGAAGCAATGGAGGCTCTGCTGGTTCTTCATCAGTTAGATAGCATTGATTTGTGGA
ATCCTGATGCTCCTGTAGAAACATTTTGGGAGATTAGCTCACAAATGCTTTTTTACATCTGCAAGA
AATTAACTAGTCATCAAATGCTTAGTAGCACAGAAATTCTCAAGTGGTTGCGGGAAATATTGATCT
GCAGGAATAAATTTCTTCTTAAAAATAAGCAGGCAGATAGAAGTTCCTGTCACTTTC

CCCCAGCCTCCTTGCCAACGCCCCCTTTCCCTCTCCCCCTCCCGCTCGGCGCTGACCCCCCATC
CCCACCCCCGTGGGAACACTGGGAGCCTGCACTCCACAGACCCTCTCCTTGCCTCTTCCCTCAC
CTCAGCCTCCGCTCCCCGCCCTCTTCCCGGCCCAGGGCGCCGGCCCACCCTTCCCTCCGCCGC
CCCCCGGCCGCGGGGAGGACATGGCCGCGCACAGGCCGGTGGAATGGGTCCAGGCCGTGGTC
AGCCGCTTCGACGAGCAGCTTCCAATAAAAACAGGACAGCAGAACACACATACCAAAGTCAGTAC
TGAGCACAACAAGGAATGTCTAATCAATATTTCCAAATACAAGTTTTCTTTGGTTATAAGCGGCCT
CACTACTATTTTAAAGAATGTTAACTATATGAGAATATTTGGAGAAGCTGCTGAAAAAAATTTATAT
CTCTCTCAGTTGATTATATTGGATACACTGGAAAAATGTCTTGCTGGGCAACCAAAGGACACAATG
AGATTAGATGAAACGATGCTGGTCAAACAGTTGCTGCCAGAAATCTGCCATTTTCTTCACACCTGT
CGTGAAGGAAACCAGCATGCAGCTGAACTTCGGAATTCTGCCTCTGGGGTTTTATTTTCTCTCAG
CTGCAACAACTTCAATGCAGTCTTTAGTCGCATTTCTACCAGGTTACAGGAATTAACTGTTTGTTC
AGAAGACAATGTTGATGTTCATGATATAGAATTGTTACAGTATATCAATGTGGATTGTGCAAAATTA
AAACGACTCCTGAAGGAAACAGCATTTAAATTTAAAGCCCTAAAGAAGGTTGCGCAGTTAGCAGT
TATAAATAGCCTGGAAAAGGCATTTTGGAACTGGGTAGAAAATTATCCAGATGAATTTACAAAACT
GTACCAGATCCCACAGACTGATATGGCTGAATGTGCAGAAAAGCTATTTGACTTGGTGGATGGTT
TTGCTGAAAGCACCAAACGTAAAGCAGCAGTTTGGCCACTACAAATCATTCTCCTTATCTTGTGTC
CAGAAATAATCCAGGATATATCCAAAGACGTGGTTGATGAAAACAACATGAATAAGAAGTTATTTC
TGGACAGTCTACGAAAAGCTCTTGCTGGCCATGGAGGAAGTAGGCAGCTGACAGAAAGTGCTGC
AATTGCCTGTGTCAAACTGTGTAAAGCAAGTACTTACATCAATTGGGAAGATAACTCTGTCATTTT
CCTACTTGTTCAGTCCATGGTGGTTGATCTTAAGAACCTGCTTTTTAATCCAAGTAAGCCATTCTC
AAGAGGCAGTCAGCCTGCAGATGTGGATCTAATGATTGACTGCCTTGTTTCTTGCTTTCGTATAAG
CCCTCACAACAACCAACACTTTAAGATCTGCCTGGCTCAGAATTCACCTTCTACATTTCACTATGT
GCTGGTAAATTCACTCCATCGAATCATCACCAATTCCGCATTGGATTGGTGGCCTAAGATTGATGC
TGTGTATTGTCACTCGGTTGAACTTCGAAATATGTTTGGTGAAACACTTCATAAAGCAGTGCAAGG
TTGTGGAGCACACCCAGCAATACGAATGGCACCGAGTCTTACATTTAAAGAAAAAGTAACAAGCC
TTAAATTTAAAGAAAAACCTACAGACCTGGAGACAAGAAGCTATAAGTATCTTCTCTTGTCCATGG
TGAAACTAATTCATGCAGCTCCAAAGCTCTTGCTTTGTAATCCAAGAAAACAGGGGCCCGAAACC
CAAGGCAGTACAGCAGAATTAATTACAGGGCTCGTCCAACTGGTCCCTCAGTCACACATGCCAGA
GATTGCTCAGGAAGCAATGGAGGCTCTGCTGGTTCTTCATCAGTTAGATAGCATTGATTTGTGGA
ATCCTGATGCTCCTGTAGAAACATTTTGGGAGATTAGCTCACAAATGCTTTTTTACATCTGCAAGA
AATTAACTAGTCATCAAATGCTTAGTAGCACAGAAATTCTCAAGTGGTTGCGGGAAATATTGATCT
GCAGGAATAAATTTCTTCTTAAAAATAAGCAGGCAGATAGAAGTTCCTGTCACTTTC

Genetic Variation: 1 Single Nucleotide 
Polymorphism per 1000 Bases

…thus we are 99.9% identical to all other humans



2006- : Genome-Wide Association Studies 
(GWAS) of 100K-1,000K SNPs

• Genome Sequence & “HapMap” is complete
• High throughput genotyping now possible at 

acceptable cost
• Several companies now selling genome-wide 

screening CHIPs of 250,000-1,000,000 SNPs
• Technology has outpaced the conduct of research



Translation From GWA Studies to
Personalized Genomic Medicine

GenomeGenome--Wide AssociationWide Association

Independent ReplicationIndependent Replication

Fine Mapping, Fine Mapping, ResequencingResequencing

Functional StudiesFunctional Studies

Genomic Clinical TrialsGenomic Clinical Trials

Applications for Genomic MedicineApplications for Genomic Medicine

PredictPredict PreventPrevent PersonalizePersonalize

Genotype Phenotype AssociationGenotype Phenotype Association



GWAS (Case-Control) Studies to Date
Cancer

•Prostate Cancer
•ALL
•Breast Cancer
•Colon Cancer

Cardiovascular
and Risk Factors

•Obesity
•Hypertension
•Diabetes, Type 1
•Diabetes, Type 2
•ECG QT interval
•MI, CAD
•Atrial Fibrillation

Lung

•Asthma

Rheumatic Diseases

•SLE (Lupus)
•Celiac Disease
•Rheumatoid Arthritis
•Crohn’s Disease

Eye

•Macular Degeneration
•Glaucoma (XFG) 

Neurology and Psychiatry

•Bipolar Disorder
•Restless Leg Syndrome
•Multiple Sclerosis
•ALS

Infectious Disease

•HIV Host Control

Bone

•Osteoarthritis



Multiple Genetic Loci for Adult Onset 
Diabetes Mellitus GWAS April 2007



Top 10 Results Combined Analysis Of Stages 1 + 2, Three 
Studies (14602 cases + 17968 controls)

8.9 x 10-161.141.6 x 10-41.111.7 x 10-91.172.1 x 10-41.18IGF2BP2

5.3 x 10-81.127.0 x 10-51.120.0471.077.0 x 10-51.18SLC30A8

6.7 x 10-111.140.00131.151.0 x 10-71.150.0131.11KCNJ11

7.8 x 10-151.204.9 x 10-71.195.4 x 10-81.20.00221.20CDKN2A/B

1.3 x 10-121.177.3 x 10-141.230.251.030.0161.11FTO

1.7 x 10-61.140.00131.230.0191.090.00141.20PPARG

1.0 x 10-481.376.7 x 10-131.372.3 x 10-311.381.3 x 10-81.34TCF7L2

1.23

1.13

1.12

OR

All Samples

4.3 x 10-7

5.7 x 10-10

4.1 x 10-11

p-value

0.0681.130.121.165.7 x 10-81.48Chr 11

4.6 x 10-61.131.7 x 10-41.140.0261.10HHEX

1.3 x 10-81.160.00241.080.00951.12CDKAL1

p-valueORp-valueORp-valueORGene

WTCCC/UKT2DDGIFUSION



Common Allele on Chr 9 Associated with 
Coronary Heart Disease May & September 2007

Homozygotes for the risk allele
comprise 20-25% of Caucasians
and have a ~30-40% increased 
risk of CHD.



|          � MI Locus� |  | � AODM� |

Chomosome 9p21Locus for MI & AODM

“Blocks” of Correlated SNPs



Multiple Genetic Loci for Seven Common 
Diseases June 2007

Hypertension

Coronary
Artery
Disease

Diabetes

Nature June 7, 2007Nature June 7, 2007



Framingham (SNP Health Association 
Resource) SHARe GWAS Design

• All consenting subjects with DNA from 3 generations 
(n=9,500)

• Genotype 550,000 SNPs (Affymetrix) in each subject

• Include all available ‘phenotypes’
– Original Cohort, Offspring, Third Generation
– All available examinations
– Quantitative and qualitative
– Primary traits (e.g., CVD and pulmonary)
– Traits from ancillary studies

• Comprehensive, web-based database by NCBI accessible to 
any qualified investigator October 2007



SHARe WGA Study in Framingham and Other 
NHLBI Population-Based Cohorts

Thrombosis, 
Inflammation
•CRP, IL-6
•Fibrinogen
•tPA and PAI-1

LV Hypertrophy
And Dilation
•LVH and LV size
•Valve disease
•LA size 

Hypertension
•Systolic BP
•Diastolic BP
•Pulse pressure

Hyperlipidemia
•HDL
•LDL
•Triglycerides
•Subfractions

Diabetes, Metabolic
Syndrome
•Fasting BS
•Insulin
•Glucose Tolerance

Obesity
•BMI
•Waist-hip
•Visceral fat
•Adiponectin

Pulmonary
•FEV1 
•FVC
•Apnea

Subclinical
Atherosclerosis
•Carotid IMT
•Vascular calcium
•MRI Plaque

CVD Outcomes
•CHD, stroke
•Heart failure
•Atrial fibrillation

Ancillary Traits
•Bone density
•Cancer
•Dementia

Framingham Framingham SHAReSHAReGWA StudyGWA Study
N~10,000 SubjectsN~10,000 Subjects

Other NHLBI Other NHLBI SHAReSHAReGWASGWAS
N~14,000 SubjectsN~14,000 Subjects



NHLBI SNP Genotyping and 
Association Projects

• SNP Health Association Resource (SHARe)
• Women’s Health Initiative (WHI) GWA Study
• Enhancing Development of Genome-Wide 

Association Methods (ENDGAMe)
• Genome-Wide Association: SNP Genotyping and 

Analysis (STAMPEED)
• Women’s Health Study (WHS) Genome Study
• Candidate Gene Association Resource (CARe)



Predict, Prevent, Personalize:  MultiSNP
Approach to Disease Prediction for CHD?
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Commercialized Personal Genetic Testing

• Several commercial companies are offering to 
scan a person’s genome using genomewide SNP 
testing (cost $985-2500)

• These companies include 23andMe, DeCode
Genetics, Navigenics (NY Times Nov 17, 2007)

• Information about specific diseases as well as the 
entire genome is made available

• Clinical utility (risks, benefits, longterm cost) of 
such testing is unknown



Predict, Prevent, Personalize:Gene X Diet--
Hepatic Lipase -514(C/T), HDL and Fat Intake

Ordovas et al. Circulation. 2002;106:2315-2321.



Predict, Prevent, Personalize: VKORC1 
Haplotypes Associated with Warfarin Dose

ReiderReider M et al.  NEJM 2005;2285.M et al.  NEJM 2005;2285.



Sequence Variations in PCSK9, Low LDL, and 
Protection against Coronary Heart Disease

N=128, Nonsense 
Mutations Y142X & C679X

Sequence PCSK9 exons
in patients with low LDL
in Dallas Heart Study

N=3363 AA NHLBI ARIC
Mutations

N= 9524 White NHLBI ARIC
Mutations

No     Yes (2.6%)
LDL (mg/dL):** 138 ~100
CIMT (mm):  0.73 ~0.70
CHD (%):* 10% ~1%

No     Yes (2.6%)
LDL (mg/dL):** 137 116
CIMT (mm):*  0.73 0.71
CHD (%):* 12 6

*p<0.001;  **p<0.01
Reference:  Cohen JC et al.  NEJM 2006;354:1264. Reference:  Cohen JC et al.  NEJM 2006;354:1264. 



Summary
• Risk factor algorithms using traditional RFs remain the basis of current 

practice.  Current research emphasizes prediction and prevention of 
clinical CVD in intermediate risk men and women.

• Of many novel biomarkers, CRP is the most compelling and lipid 
lowering trials based upon CRP level are ongoing.  Consensus is 
evolving on how to analyze/apply the multiple evolving biomarkers.

• Subclinical atherosclerosis imagingby CT, US, or MRI may provide 
incremental risk prediction in intermediate risk persons, and their role is 
evolving.

• Family history, an independent RF, should be used in clinical practice.
• Genome-wide association studiesare underway, and a number of 

genetic tests will soon be available. Medical practice will likely be 
revolutionized, but the clinical application of routine genetic testing 
needs to be defined.   Genome sequencing is the next frontier.

• The opportunity and challenge for personalized genomic medicine will 
be to translate evidence re: traditional risk factors, biomarkers, imaging 
measures and genomic data into effective prediction and prevention.


