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Deaths from Cardiovascular Disease: 
Decreasing Overall, Increases with Age

AHA Heart and Stroke Facts:  *US, 1979-2000, **US 1988-1994.

Incident CVD and Age**CVD Death Trends*

Rosamond et al. Circulation 2008.



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 10 Year 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 1998;97:1837.  
Example shown for Typical 55 Year-Old Man.

Next Additions:
FHx Early CVD?
C Reactive Protein?

NHLBI ATP LIPID 
GUIDELINES:

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).



Lifetime CHD Risk for Risk Factors 
and Overall 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.



Atherosclerotic Plaque Development: 
From Healthy Vessel to Clinical CVD
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Time Magazine, Feb 22 ‘10: www.time.com/time/covers
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Premature CVD in Parents* or Siblings** 
Leads to Increased Relative Risk of CVD

 Positive Parental History of Premature CVD 
Model Adjustment None Both ≥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.



Heritability of CVD Risk Factors & Biomarkers 
of Subclinical Disease: Framingham Study

Variable Heritability

*L. A. Cupples, ASHG 1996. *E. Benjamin, AHA 2000.   †C Fox, Stroke 2002,
‡P Peyser, Circulation 2002, ††C O’Donnell, Circulation 2002, Newton-Cheh, Heart Rhythm 2005.

Wall Thickness,Carotid Artery† 38%
Imaging Biomarkers of Atherosclerosis

Calcium, Coronary Arteries‡
38%

Fasting Glucose 32%
Systolic Blood Pressure 42%

Risk Factors*

Maximum BMI 40%

LV Hypertrophy 26%
Subclinical LV & Conduction Disease**

QT Duration 35%

CRP 26%
Protein Biomarkers

PAI-1 Antigen 26%

Calcium, Abdominal Aorta‡

38%



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

Nature October 21 2004;431:931.

The genome consists of ~ 1 SNP 
per 1000 bp and “a block-like 
structure of linkage 
disequilibrium…leading to 
substantial correlations of SNPs 
with…their neighbours”

The Human Genome and Hapmap Projects

Science October 27 2005;431:931



Translation From Genomics Studies to
Personalized Genomic Medicine
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NHLBI GWAS Programs 2010
Program Sample Size Population(s) Phenotype(s)

Framingham 
SHARe

~9,400 M+F; EA  Many CVD & RFs

Asthma SHARe ~5,000 M+F; EA  Asthma

MESA SHARe ~8,500 M+F; EA, AA, HA, CA  Many CVD & RFs

Women’s Health 
Initiative SHARe

~12,000 F; AA, HA  Many CVD & RFs

STAMPEED >50,000 M+F; EA, EU, AA, HA  Many CVD & RFs, 
Asthma, Blood

CARe ~11,000 M+F; AA  Many CVD&RFs, 
Pulm & Sleep Dz’s

Women’s Genome 
Health GWAS

~28,000 F; Largely EA  Many CVD & RFs

COPD Gene ~10,000 M+F; EA, AA  COPD

Total Subjects: >140,000 M=male, F=female  Yes Biomarker Data



Framingham SHARe (SNP Health 
Association Resource) GWAS Design

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

• Genotype 550,000 SNPs (Affymetrix) in each subject
• Include all N>21,250 available ‘phenotype’ datasets

– Original Cohort, Offspring, Third Generation
– All available exams, Quantitative and qualitative
– Primary traits (e.g., CVD and pulmonary)
– Traits from ancillary studies

• Comprehensive, web-based database (dbGaP) accessible to 
qualified investigators since October 2007

• Over 100 applications approved by NHLBI’s DAC



NCBI’s dbGaP Main Page
http://www.ncbi.nlm.nih.gov/sites/entrez?db=gap
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GWA Studies with Strongly Replicated 
Gene Associations 2005-2009

Cancer

•Prostate Cancer
•Breast Cancer
•Colon Cancer
•Thyroid Cancer

Cardiovascular
Disease and 
Its Risk Factors

•MI, CAD, Stroke
•Obesity
•Cigarette Use
•Hypertension
•Diabetes, Type 2
•CRP, Biomarkers
•LV Mass, Diameter
•ECG QT interval
•Atrial Fibrillation

Lung

•Asthma
•COPD

Rheumatic Diseases

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

Eye

•Macular Degeneration
•Glaucoma (XFG) 

Psychiatry and Neurology

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

Infectious Disease

•HIV Host Control

Blood

•Red Blood Cell Indices
•WBC, Platelet Count

Gastrointestinal

•Crohn’s and IBD
•Celiac Disease

As of 1/15/10, 472 GWAS reports 
and  2204 SNPs, http://www.genome.gov/26525384.

Bone

•Osteoarthritis



WTCCC: Manhattan Plot, Q-Q Plot
“Manhattan Plot”

“Q-Q Plot”



Common Allele on Chr 9 Associated with 
Coronary Heart Disease: GWAS 2007



GWAS + Replication, Early MI
12,713 Cases : 12,812 Controls

Stage I:  1.0 million SNPs (Affy
6.0) in 6 cohorts 

2967 Cases : 3075 Controls 
All SNPs with p<0.001

↓
Stage II:

1433 SNPs in 4 studies
↓

Stage III:
25 SNPs in 6 studies: 

↓
Stage IV, 13 SNPs

MIGen Consortium GWAS Study*:

•Unknown: 9p21, PHACTR1, KCNE2
•LDL: SORT1, MIA3, LDLR, PCSK9, WDR12
•Inflammation: CXCL12
•CNV: No associations noted

Sister GWAS Studies:

•LDL: MRAS, HNF1A**
•Cell Adhesion: SH2B3***

Total of Twelve Strongly Replicated MI Loci
*MIGen Consortium. Nat Gen 2009;41:334. **Erdmann et al. 
Nat Gen 2009;41:280.  ***Soranzo et al. Nat Gen 2009;41:1182.



Pre-Genome Genetics:  Weakly Replicated 
Candidate Gene Variants for CHD

Gene Variant Relative 
Risk 

N of 
Studies

N of Cases / 
Controls

Apo E ε4/ε4 1.42 48 15,492 / 32,965

MTHFR C677T 1.21 72 12,193 / 11,945

ACE D/I 1.21 19 2,848 / 10,256

Apolipo B Ins/Del 1.19 22 6,007 / 5,609

PAI-1 4G/5G 1.20 10 1,515 /  1,866

Fibrinogen B G-455A 0.68 4 745 / 816

ENOS Intron-4 1.34 16 6,212 / 6,737

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



Criteria for Replicating Genotype-
Phenotype Associations in GWAS

• Sufficiently large N
• Independent data sets not split one 

study into two
• Same phenotype
• Similar population
• Similar magnitude of effect & 

significance, same direction of effect
• Same genetic model
• Joint or combined analysis

smaller p-value than 1st report
• Detailed description of study design 

and analysis in replications reports
Chanock SJ, Manolio T et al. NCI-NHGRI Working 
Group on Replication in Association Studies. 
Nature 2007;447:655-60.



Post-Genome Genetics:  Strongly Replicated 
Genetic Variants for CHD

Gene/Locus SNP Relative 
Risk 

N of 
Studies

N of Cases / 
Controls

CDKN2B, 9p21 rs4977574 1.29 7+ >20,000 / 20,000
PHACTR1, 6p24 Rs12526453 1.12 1 >12,000 / 12,000
KCNE2, 21q22 rs9982601 1.20 1 >12,000 / 12,000
SORT1, 1p13 rs646776 1.19 2 >12,000 / 12,000
MIA3, 1q41 rs17465637 1.14 2 >12,000 / 12,000
LDLR, 19p13 rs1122608 1.15 2+ >12,000 / 12,000
PCSK9, 1p32 rs11206510 1.15 2+ >12,000 / 12,000
WDR12, 2q33 rs6725887 1.17 1 >12,000 / 12,000
MRAS, 3q22 rs9818870 1.15 1 >19,000 / 21,000
CXCL12, 10q11 rs1746048 1.17 2+ >12,000 / 12,000



In Silico GWAS Meta-Analysis Using HapMap LD:  
Cross-Array Imputation

HapMap SNPs

Platform 1

Platform 2

Intersect SNPs

Platform 1

Platform 2

Option 2:  Imputed SNPs—HapMap to Impute Frequency of SNPs:

Option 1: Intersecting SNPs:

HapMap SNPs

10.0 Mb 20.0 Mb 30.0 Mb

10.0 Mb 20.0 Mb 30.0 Mb



30 Genomewide Significant Loci Modify 
LDL-C, HDL-C or Triglycerides

Kathiresan et al. Nature Genetics 2008;40:189-197. Kathiresan et al. Nature Genetics 2009;41:56-65.

ABCG8, TIMD4, 
MAFB, HNF1A, 
SORT1, APOE, LDLR, 
HMGCR, CILP2, 
PCSK9

LCAT, TTC39B, HNF4A, 
ANGPTL4, CETP, LIPC, 
LIPG, MMAB, ABCA1, 
GALNT2

XKR6, GCKR, 
TRIB1, LMXIPL, 
NCAN, ANGPTL3

LPL, FADS1-3, PLTP
APOA1-5

APOB

LDL-C

HDL-C

TRIG



Diabetes Mellitus GWAS 2009: 
Multiple Loci to Date

Subsequent Studies: Zeggini E et al.Meta-analysis of GWAS and large-scale replication
identifies additional susceptibility loci for AODM. Nat Genet. 2008 May;40(5):638-45. 



GWAS for Blood Pressure and HTN

Levy D et al. Nature May 10 2009.



GWAS for Other CHD Risk Factors
• Nicotine Abuse

– Nature 2008;452:638.
• Obesity and BMI

– Willer et al.  Nat Genetics 2009;41:25. 
– Thorleifsson G et al. Nat Genetics 2009;41:18. 
– Loos RJ et al. Nat Genetics 2008;40:768. 
– Frayling T et al. Science 2007;316:889.

• C-Reactive Protein
– Ridker et al. AJHG 2008;82:1185 and 2008;82:1193.



Observations on GWAS: June 2009
• IT WORKS:  N of strongly replicated novel loci:

– 2006: Handful; 
– 2007: Dozens; 
– 2008-09: Hundreds*

• For CHD/MI and its risk factors—T2DM, lipids, cigarette use, CRP 
(and obesity/BMI)—exceeding100 novel loci

• Case-control  Prospective population cohorts
• Small effect sizes (RR’s 1.1-1.3)need large N’s
• Evolving replication paradigm: “in silico” using other GWAS data, 

research by consortia
• Mostly Caucasian data—we must study other ethnicities
• Only captures common variants (MAF>5%)
• Defining the functional variant of replicated GWAS variants is 

essential but highly incomplete
• Applications for clinical practice are largely untested

*As of February 2, 2010, 492 GWAS papers and 2317 SNPs reported; see http://www.genome.gov/26525384



Consortia of Consortia*
GIANT 

Consortium:
BMI, Obesity-
Related Traits

Global BP 
Consortium:
BP, HTN-

Related Traits

Cardiogenics
Consortium:
Myocardial 
Infarction

MAGIC
Consortium:
T2DM and 
Glycemia

Global Lipids:
LDL, HDL, 

Triglycerides

TAG 
Consortium:

Cigarette 
Smoking

*”Metabochip”
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Extensive, Prospective Phenotypes in 
Multiple NHLBI Population 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 SHARe GWA Study
N~10,000 Subjects

MESA +Women’s Health Initiative 
+Pulmonary SHARe GWAS

N>25,000 Subjects



CHARGE (Cohorts for Heart & Aging Research in 
Genome Epidemiology) Consortium, N~40,000

*Psaty BM, O’Donnell CJ, et al. Circulation CV Genetics 2009.

Affiliated cohorts:
GENOA, KORA, Family
Heart, Health ABC, 
1958 BC, Guttenberg Heart



CHARGE: Phenotypes for GWAS 
in Selected Working Groups

• Coronary heart disease/MI
• Stroke*
• ECG QT Interval*
• Heart Failure
• Chronic kidney disease*
• Biomarkers:CRP, Fibrinogen*
• Adiposity*
• Hypertension/SBP/DBP*
• Menopause*

• Diabetes/glycemic status*
• Subclinical athero: CAC, 

carotid IMT, ABI
• ECHO*
• Aging
• Neurology traits
• Atrial fibrillation
• Bone density
…and many more

*Manuscripts published or in press



Translation From Genomics Studies to
Personalized Genomic Medicine

Genomewide: 
GWAS 

Genome Sequencing

Sequencing & Functional Studies

Genomics-Based Clinical Trials

Applications for Genomic Medicine

Predict Prevent Personalize

Genome-Phenotype Association

Transcriptomic,
Proteomic, 

Metabalomic

2009 Publications



NHLBI-Supported Minority 
Cohorts with GWAS

• CHARGE African 
American
– ARIC
– CHS

• CARe African 
American:
– ARIC
– CARDIA
– Jackson Heart Study
– MESA

• SHARe MultiEthnic
– MESA
– Women’s Health Initiative

• STAMPEED African 
American
– Hopkins Twins
– GENOA
– Family Heart Study
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Ten Next Steps for GWAS
• Missing Variants
• Structural Variants
• Rare Variants: Targeted & Genomewide Sequencing
• Genetic Modifiers
• Epigenetic Effects
• Gene Function, Epistatic Effects
• Prediction and Risk Scores
• Transcription of RNA & siRNA: Profiling and Sequencing
• Pharmacogenomics
• Genome Ethics



Allelic Architecture for the Genetic 
Determinants of HLB Diseases
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Frequency of minor allele in population

Rare personal 
alleles MAF<<.05%

Common disease alleles 
MAF ~0.5-50%

Low frequency disease 
alleles MAF ~.05-5%

GWAS

Deep Population Sequencing



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. 



Sequencing Strategies to Define Common 
and Low Frequency Variants for CVD

Strategies
• Targeted Resequencing
• Exome Resequencing
• Whole Genome Resequencing
Programs
• NHLBI Resequencing and Genotyping Program
• ENCODE
• 1000 Genomes
• NHLBI Exome Resequencing (RFA HL 08-004 )
• CHARGE RC2 Targeted Sequencing of GWAS
• NHLBI Large-Scale (Exome) Sequencing 



Decline in DNA Sequencing Costs Towards 
the “$1000 Genome”

Science 2006;311:1544.



ClinSeq CVD Sequencing 
Program

N of times minor allele detected in sequencing of 219 cardiovascular 
candidate genes in 250 subjects.

Biesecker L et al. Genome Research July 2009 (online).



Translation From Genomics Studies to
Personalized Genomic Medicine

The NHLBI Exome Pilot Program

ARRA-Funded  Grand Opportunity 
Genomics Projects
LargeScale DNA (Exome) Sequencing: 
• Lung  Cohorts
• Myelodysplastic Syndrome
• CVD Cohorts: HeartGO and WHISP

Exome sequence in N~7,500; 
Replication in N~many 10,000’s

Phase 1 Phenotypes: 
Early MI and its Risk Factors
(High/low LDL, T2DM, Obesity)
Rare Pulmonary Diseases

Genomewide: 
GWAS,

Genome Sequencing

Sequencing & Functional Studies

Genomics-Based Clinical Trials

Applications for Genomic Medicine

Predict Prevent Personalize

Genome-Phenotype Association

Transcriptomic,
Proteomic, 

Metabalomic



Whole Exome Sequencing Identifies 
Variants for Miller Syndrome in DHODH*

Any 1 Exome Any 2 Exome Any 3 Exome
Dominant Model
NS/SS/I** 6943 5167 3920
Predicted damaging 787 126 11
Recessive Model
NS/SS/I 4293 3172 2329
Predicted damaging 44 4 1***

**NS/SS/I=nonsynonymous variant, splice acceptor or donor site variant or coding indel (NS/SS/I)
*** DHODH; encodes a key enzyme in the pyrimidine de novo biosynthesis pathway

Mutations in DHODH in Discovery and Follow-up Kindreds:

Discovery Kindreds: Kindred 1a G454A, exon 4, and G605C, exon 5; Kindred 2a C403T, exon 3, 
and C1036T, exon 8; Kindred 3a C595T, exon 5, and 611ΔT, exon 5
Follow-up Kindreds: Kindred 4 G605A, exon 5, and C730T, exon 6; Kindred 5 G56A, exon 2, 
and C1036T, exon 8; Kindred 6 C851T, exon 7, and A1175G, exon 9

*Ng S et al. Nature Genetics November 13, 2009 advance online.



Translation From Genomics Studies to
Personalized Genomic Medicine

The NHLBI Exome Pilot Program

ARRA-Funded  Grand Opportunity 
Genomics Projects
Building on GWAS for NHLBI Disease: 
Sequencing in the CHARGE Consortium

Targeted sequencing of loci implicated in 
GWAS for each of >=10 CVD Traits and 
Diseases (eg, hypertension, atrial
fibrillation, biomarker levels)

Exome sequencing for traits with 
multiple (>10) hits by GWAS

Coordination with ESP/HeartGO

Genomewide: 
GWAS,

Genome Sequencing

Sequencing & Functional Studies

Genomics-Based Clinical Trials

Applications for Genomic Medicine

Predict Prevent Personalize

Genome-Phenotype Association

Transcriptomic,
Proteomic, 

Metabalomic



Genotype Risk Score for CVD Associations with 9 
Lipid SNPs in 5414 Men and Women

Incident MI, Ischemic Stroke or CHD Death 

Freedom from Events Area under ROC Curve
Kathiresan et al. NEJM 2008;358:1240.  SNPs in ApoE, ApoB, LDLR, PCSK9, HMGCR, CETP, LPL, LIPC, and ABCA1.

Model with 14 Covariates
- Covariates Only
- Covariates Plus Genotype

Risk Score



AUC Using GWAS SNPs with Liberal 
P-Values vs Genome-Wide SNPs

P<0.000001 
to P<0.80

Known 
Variants

Combined

Coronary Heart Disease 0.56 – 0.60 0.57 0.58 – 0.62

Hypertension 0.52 – 0.61 Not Available 
from WTCCC

Not Available 
from WTCCC

Type 2 Diabetes 0.54 – 0.60 0.67 0.67 – 0.71

Type 1 Diabetes 0.75 – 0.72 0.78 0.78 – 0.79

Bipolar Disorder 0.53 – 0.67 0.55 0.56 – 0.68

Crohn’s Disease 0.61 – 0.61 0.77 0.77 – 0.78

Rheumatoid Arthritis 0.66 – 0.65 0.70 0.70 – 0.72
Evans D et al. Hum Mol Genetics 2009;18:3525.



Caution on SNPs and Risk Prediction



Paynter NP et al. JAMA 2010;303:631-37.  SNPs derived from literature; of 101 SNPs, 46 were genotyped directly and 55 
were imputed (minimum R2 0.6). Baseline age 53 years with ~12 years followup for CVD.



Atherosclerotic Plaque Development: 
Lifetime Risk vs Short-Term Late Adult Risk

Prenatal Infancy Adulthood: Young       Middle-Age        Old      Very OldChildhood

--- High Genetic Risk
--- Low Genetic Risk

Time Magazine, Feb 22 ‘10: www.time.com/time/covers



Providing Genetic Results to Participants: 
NHLBI Working Groups I and II

Working Group I Criteria for Notification*:
1.Established analytic validity
2.Disease risk is replicable and significant 

• E.g. RR > 2, high penetrance, younger onset

3.Important health implications
• E.g. premature death or substantial morbidity

Working Group II**: Considered the impact of 
GWAS, genomewide resequencing, growing N of 
risk variants and evidence base on risk/benefit of 
notification

*Bookman. Am J Med Genet 2006;140A:1033.  **January 2009; report in preparation.



Personalized Genomics

• 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) and Lumigenix

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

• Clinical utility (risks, benefits, costs to 
patient, costs to healthcare system) of 
such testing is unknown



Debate Regarding Utility of GWAS 
SNPs for Personal Medicine

Eur J Clin Invest 2010; 40 (1): 56–63.

Eur J Clin Invest 2010; 40 (1): 64–68.
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Translation From Genomics Studies to
Personalized Genomic Medicine

• Biology: Initial legacy of 
GWAS and GWSeq

• Patience: 50 Years for 
Risk Factor Paradigm

• Time Horizon: Decades
• Prospective cohorts 

across lifespan
• iPS & nanotechnology
• Incremental Knowledge

– Bioinformatics
– New clinical paradigm

Genomewide: 
GWAS, 

Genome Sequencing

Sequencing & Functional Studies

Genomics-Based Clinical Trials

Applications for Genomic Medicine

Predict Prevent Personalize

Genome-Phenotype Association

Transcriptomic,
Proteomic, 

Metabalomic

CVD Incidence
& Recurrence

CVD Incidence 
& Recurrence

CVD PharmGen
& Treatments



Current Evidence-Based Approaches to 
Predict, Prevent, and Pre-empt CVD

Clinical Risk Evidence-Based Testing and Treatment Strategy:
Factor or CVD Predict CVD Prevent CVD* Pre-Empt Recurrent CVD*

Hypertension Office or Ambulatory 
Blood Pressure

Diuretic, Beta-blockers, 
ACE-inhibitors, ARBs

Beta-blockers, ACE-inhibitors, 
ARBs

Hyperlipidemia Lipid Panel Statins, Resins, Fibrates Statins

Diabetes Fasting BS, HgA1C Treat Diabetes?? Treat Diabetes??

Coagulation and 
Inflammation

Measure CRP? Other 
Biomarkers?

Aspirin or Plavix Aspirin or Plavix

Subclinical vascular 
disease

ABI? CAC? IMT? Intensify Therapy? NA

Heart Attack, 
Stroke, & other 
CVDs

Multiple Risk Factor 
Algorithm

Rx Hypertension, 
Hypercholesterolemia, 
quit smoking

Rx Hypertension, Use Statin, Use 
ACE-inhibitor, quit smoking, Use 
ASA or Plavix

*Lifestyle modification is essential: diet, exercise, weight loss



Current Evidence-Based Approaches to 
Predict, Prevent, and Pre-empt CVD

Clinical Risk Evidence-Based Testing and Treatment Strategy:
Factor or CVD Predict CVD Prevent CVD* Pre-Empt Recurrent CVD*

Hypertension Office or Ambulatory 
Blood Pressure
Biomarker Testing

Diuretic, Beta-blockers, 
ACE-inhibitors, ARBs
Biomarker Stratification

Beta-blockers, ACE-inhibitors, 
ARBs
Biomarker Stratification

Hyperlipidemia Lipid Panel
Biomarker Testing

Statins, Resins, Fibrates
Biomarker Stratification

Statins
Biomarker Stratification

Diabetes Fasting BS, HgA1C
Biomarker Testing

Treat Diabetes??
Biomarker Stratification

Treat Diabetes??
Biomarker Stratification

Coagulation and 
Inflammation

Measure CRP? Other 
Biomarkers?
Biomarker Testing

Aspirin or Plavix
Biomarker Stratification

Aspirin or Plavix
Biomarker Stratification

Subclinical vascular 
disease

ABI? CAC? IMT?
Biomarker Testing

Intensify Therapy?
Biomarker stratification

NA

Heart Attack, 
Stroke, & other 
CVDs

Multiple Risk Factor 
Algorithm
Global Predictive
Biomarker Testing

Rx Hypertension, 
Hypercholesterolemia, 
quit smoking
Biomarker Stratification

Rx Hypertension, Use Statin, Use 
ACE-inhibitor, quit smoking, Use 
ASA or Plavix
Biomarker Stratification

*Lifestyle modification is essential: diet, exercise, weight loss
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