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Overview

• Why biomarkers for CVD risk prediction?
• Assessing single biomarkers: CRP
• Assessing multiple biomarkers
• What is the future of biomarkers?



Concept of cardiovascular “risk factors”

Kannel et al, Ann Intern Med 1961

Age, sex, hypertension, hyperlipidemia, smoking, diabetes, 
(family history), (obesity)
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Not all individuals with coronary heart 
disease have traditional risk factors

Khott et al, JAMA 2003
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Biomarkers, subclinical disease, and CVD

Biomarkers



C-reactive protein



CRP and cardiovascular risk
in apparently healthy men

Ridker et al, NEJM 1997



CRP: epidemiologic studies

Ridker, Circulation 2003



Recommending wider use of CRP

Pearson et al, Circulation 2003



CRP and the lay press



Should we be measuring CRP?

1. How strong is the association?
2. What is its predictive value?
3. Does it help guide therapy?
4. Is it easy to measure and cost-effective?



CRP: reappraisal



What is the magnitude of association?

Danesh et al, NEJM 2004



Biomarker level

Pts with DiseasePts w/o Disease

Does high relative risk imply good 
clinical utility?

RR



Biomarker level

Pts with DiseasePts w/o Disease

Limitations of relative risk



Biomarker level

Pts with DiseasePts w/o Disease

Limitations of relative risk



Receiver operating characteristic 
(ROC) curves
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C-statistics (AUC) and CRP

Lloyd-Jones et al, Ann Intern Med 2006



Other measures of model accuracy

• Discrimination (c-statistic)

• Calibration (predicted vs. observed risk)
– “Reclassification”



Folsom et al. Arch Intern Med 2006

Does CRP Improve Model Calibration?

Men

Women



Does CRP “re-classify” patients in a 
useful manner?

ATP III, Circulation 2002; Grundy et al. Circulation 2004
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Cook et. al. Ann Intern Med 2006

Does CRP Refine Risk Classification?

Overall only 0.2% with “meaningful” reclassification

96%

3%

1%



CRP and re-classification: Reynolds 
Risk Score

Ridker et al, JAMA 2007



What about other biomarkers: 
the “multimarker” approach



Ridker et al, Circulation 2004



Markers produced by the heart: 
natriuretic peptides

Atria

Ventricles

ANP BNP



1.3
1.6

1.8 1.9 2

3.1

0

1

2

3

4

CHD Death 1st CVD AF CVA CHF

Risk associated with BNP levels above 
20 pg/ml (men), 23.3 pg/ml (women)

Wang et al. NEJM 2004
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“Multimarker” approach

FibrinolysisPAI-1

ThrombosisD-dimer

Renal endothelial functionUrine albumin excretion

Endothelial functionHomocysteine

NeurohormonalRenin

NeurohormonalAldosterone

NeurohormonalN-ANP

NeurohormonalBNP

Inflammation, thrombosisFibrinogen

InflammationhsCRP

PathwayMarker

Wang et al, NEJM 2006



Markers Selected by Backward Elimination

Renin*

Hcy*

UACR**

UACR*CRP**

BNP**BNP**

First CVDMortality

*p<0.05, **p<0.01



Multiple biomarkers and
ROC curves for CVD prediction

Wang et al, NEJM 2006



Multiple markers and c-statistics in 
Framingham

0.770.82Risk factors 
plus biomarkers

0.760.80Risk factors 
alone

0.700.79Biomarkers 
alone

0.680.75Age, sex

C-statistic 
(CVD)

C-statistic 
(death)



Multimarker score and calibration 
for CVD risk

• Risk factors alone
– Hosmer-Lemeshow: chi-sq 6.8 (p=0.66)

• Risk factors plus multimarker
– Hosmer-Lemeshow: chi-sq 5.8 (p=0.76)



Multimarker score and 
“reclassification”
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Summary

• The clinical usefulness of current 
biomarkers is modest

• Could still help in subsets of patients, 
particular when the clinician is “on the 
fence”



Future directions

How many and what types of 
biomarkers will be needed?



Blankenberg, S. et al. Circulation 2006;114:201 -208

Is it possible to increase the c-statistic?



Is it possible to increase the c-statistic?
Heart and Soul Study

P<0.001

0.80Clinical risk 
factors plus
Nt-proBNP

0.73Clinical risk 
factors

C-statistic

Bibbins-Domingo et al. JAMA 2007



How many biomarkers does it take in 
primary prevention populations?
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Most current biomarkers correlate 
with each other

• r = 0.3-0.5
– CRP and fibrinogen (0.5), CRP and D-dimer (0.3), 

CRP and PAI-1 (0.3), Hcy and creat (0.3)

• r = 0.1-0.3
– Fibrinogen and PAI-1 (0.2), CRP and UACR (0.1)

• r < 0.10
– BNP and CRP (0.05), BNP and PAI-1 (-0.07)



The search for novel biomarkers

Morel et al, Mayo Clin Proc 2004



Cells as biomarkers

Vasa et al, Circ Res 2001
Hill et al, NEJM 2003


