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Predicting and Preventing 
Cardiovascular Disease

Can we put the cardiologist out of business? 

James  de Lemos, MD

Learning Objectives

• Describe the strengths and weaknesses 
of the new ASCVD risk calculator.

• Define the role of coronary calcium 
screening and biomarkers for CVD risk 
prediction.

• Enhance knowledge regarding evidence 
and guidelines for lipid lowering therapy 
in primary prevention.
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Equations

Adults > 21 years of age and 
candidate for statin

Clinical 
ASCVD?

LDL-C > 190 
mg/dL?

Diabetes?

> 7.5% 10-yr 
ASCVD risk?

High-intensity statin
(Moderate-intensity if > 75 yo or 
not candidate for high-intensity 

statin)

High intensity statin
(Moderate-intensity if not 

candidate for high-intensity)

Moderate-intensity statin
(High-intensity if 10-yr 
ASCVD risk > 7.5%)

Moderate-to-high 
intensity statin

ASCVD prevention benefit less clear, but may be considered

ACC/AHA Cholesterol Guidelines
Key differences vs ATP III

Factor Old Guideline New Guideline

Goal Lower LDL Lower CVD risk

Determination of 
treatment

Based on risk factors (+/-
risk of hard CHD events) 
and LDL

Based on risk of hard 
ASCVD events and 
LDL

Lifestyle versus 
meds in high risk

Lifestyle first, then meds 
(unless CHD equivalent)

Meds on foundation of 
lifestyle

Choice of meds Any Focus on statins

Dosing of statins ---- Based on risk

Monitoring of effect To various LDL goals To expected effect—
30% or 50% reduction 
in LDL from baseline



New Risk Calculator
Pooled Cohort Equation (PCE)

What’s Old:
10-year risk window to estimate absolute risk

What’s New:
Estimate is for Cardiovascular death, MI, stroke

Lower treatment threshold (7.5%)

Race specific (i.e. blacks and whites)

What’s controversial:
More people eligible for treatment

Overestimates risk in select subgroups

Summary: Accurate risk prediction is the 
foundation for initiating preventive 
therapies among individuals without 
existing disease 

Key Question: Do the pooled cohort 
equations work well enough for this 
purpose?

Statistical Mumbo-Jumbo 
circa 2015

• Association
– HR/RR/OR

• Discrimination
– C-statistic
– BIC/AIC

• Calibration
• Reclassification

– Net reclassification index (NRI)
– Integrated discrimination index (IDI)

Pencina MJ Statist Med 2008; 27:157-72; Cook N Circulation 2007; 115: 928 - 935 

Validity of the New Calculator:
Discrimination

Women Men

Con-
temporary

MESA Regards Con-
temporary

MESA Regards

White

C-
statistic

0.74 0.71 0.66 0.68 0.70 0.60

African-American

C-
statistic

0.71 0.77 0.66 0.71 0.67 0.56

Circulation Nov 11, 2013: epub

Large Number of CV Events in 
Individuals not at High Risk 

Proportion in each risk category
NHANES 1999-2002

76%

11%

13%

Ajani UA et al, JACC 2006;48:1177 10-year CHD Events 
(Millions)

Estimated Number of CV 
Events

Low-risk
Inter-risk
High-risk

Conclusion: Neither FRS nor ASCVD 
risk calculator work well enough



Identification of Susceptible Individuals
for Targeted Intervention

Current
Algorithms

ImagingGenetic
Markers

Bio
markers

Candidates for Improving 
Cardiovascular Risk Prediction

Genetics

Biomarkers

Imaging

Genetics of Atherosclerotic CVD

Familial Hypercholesterolemia

Single gene, Mendelian form
•Rare mutations
•Large effect

Polygenic, complex disorder
•Multiple mutations
•Small effect

Minority Majority

Lusis AJ et al. Annu Rev Hum Genet 2004;5:189-218

Discovering New CAD Genes:
Genome Wide Association Studies 

(GWAS)
Study 1

630 subjects

Study 2

630 subjects

Study 3

13,000 subjects

Confirm 1

CCHS
Confirm 2

DHS
Confirm 3

OHS

2500 

50 

2 

↑ Risk

30-40%

75000 

McPherson R et al. Science 2007;316:1488 

9p21
or

CDKN2

# of variants

Sequence Variations in PCSK9
Associated with Lower LDL Levels

LDL-Chol.<5%

Dallas Heart Study 
n=3,557

50% African-American

Catalytic domain        N - - CC-terminalProdomain

%

2% of AA: Y142X or C679X allele      40%     LDL-C

3% of Caucasians:  R46L allele 21% LDL-CDallas
Heart 
Study

Lifelong Reduction in LDL
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P = 0.008
~ 40% ↓ LDL
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R46L
Carrier - +

P=0.003

Caucasian

~ 20% ↓ LDL

Cohen JC et al. N Engl J Med 2006;354:1264-72.



Genetics—take home

• No role for genetic testing in 2015 for risk 
prediction or to identify candidates for lipid 
lowering therapy

• Important prevention lessens from PCSK9 
story
– Treating earlier will maximize benefit

– Benefit proportional to intensity of LDL 
lowering

– PCSK9 a very attractive drug target

Candidates for Improving 
Cardiovascular Risk Prediction

Genetics

Biomarkers

Imaging

Mendelian Randomization

= No sequence variant

= Sequence variant that affects CRP levels

Smith and Ebrohim Int. J Epidemiol (2003) 32:1-22

Gray and Wheatley.  Bone Marrow Transplant (1991) 7(Suppl.3):9-12Katan Lancet (1986) i:508

Uncoupling Cause and Effect
JUPITER Trial:  A Test of CRP’s Utility?

No. at Risk

Rosuvastatin         8901       8631      8412      6540      3893      1958      1353       983         538        157

Placebo                  8901      8621      8353      6508       3872      1963      1333       955         531        174  
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p < 0.00001

Ridker PM et al. N Engl J Med. 2008;359:2195-2207.

- 44 %

BNP and NT-proBNP

Pre-Pro-BNP1-134

26-aa signal
sequence

NT-proBNP1-76 BNP77-108

Pro-BNP1-108

CORIN

Wall Stress

Can a cardiac specific biomarker 
do better?

Screening with Natriuretic Peptides
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Coronary Calcium

Abdullah et al.  Am J Cardiol 2005de Lemos AHJ 2009 

LVH or LVSD

P <0.0001

NT-proBNP level



Group Endpoint C-statistic
Base Model

C-statistic
With NT-BNP

NRI NRI 
Int Risk Only

Men CV Events 0.66 0.69 9.2% 23%

Heart Failure 0.70 0.78

Women CV Events 0.73 0.76 13.3% 34%

Heart Failure 0.77 0.81

Rotterdam study n=5063; mean age 68

Rutten JHW. et al. Hypertension 2010;55:785-91

Where does NT-proBNP fit in 
the discussion?

NT-proBNP vs CRP for Risk 
Prediction in Men

Endpoint/Metric Base 
Model

+ CRP + NT-
proBNP

CVD Events

c-statistic 0.686 0.695 0.704*

NRI 3.8% 8.8%*

IDI 0.32 2.33*

CVD death

c-statistic 0.753 0.765 0.784*

Wannamerthee et al.  JACC 2011;58:58-64.

* p<0.01British Regional Heart Study; n=3649 men 60-79 years old
CVD events=CVD death, MI, stroke

What about a biomarker of 
cardiac injury?

Proportion of Adults with 
Detectable hs-cTnT

DHS                  CHS                       ARIC
Age            30-65                             >65   54-74
N                3546                             4221                                   9698

Dose‐dependent Association with LVH

cTnT Category            1              2              3               4             5

<0.003 μg/L                 Tertiles                   > 0.014 μg/L
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de Lemos  JA  et al.  JAMA 2010;304:2503‐12.



Chronic Kidney Disease

cTnT Category            1              2              3               4             5
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de Lemos  JA  et al.  JAMA 2010;304:2503‐12.

ARIC Study
Comparison of cTnT and CRP

Base 
model

Base 
model + 

cTnT

Base 
model + 
hs-CRP

Hard CHD (CHD death and nonfatal MI)
AUC 0.710 0.724 0.714
NRI 10.1% 3.0%

All Cause Mortality
AUC 0.719 0.740 0.723
NRI 10.7% 2.5%

Heart Failure
AUC 0.749 0.777 0.752
NRI 15.4% 2.9%

Saunders J et al.  Circulation 2011 ;123:1367-76.

deFilippi C et al.  JAMA 2010;
304:2494‐2502.

Change in cTnT level from baseline to follow‐up
Association with CVD Death

Independent of Standard Risk Variables
Same association with Heart Failure

How might these tests be 
used clinically for screening?

A potential example using BNP

Routine PCP care

• Annual BNP not available to 
clinicians

• At least annual review by 
PCP 

• Cardiology review only if 
requested by PCP

NP‐directed care

In addition to routine PCP care
• Annual NP based 

reassessment of risk in all
• Annual NP‐informed CV risk 

coaching in all
• Shared‐care (any BNP> 50pg/ml)

– Cardiology review
– Echo‐Doppler
– Other CV investigations
– CV nurse coaching
– Regular Cardiology follow‐up

STOP‐
Stop HF Trial  Study Flow

McDonald K, JAMA 2013;310:66-74

Primary Endpoint – HF and LVD

2.1% 1.0%

5.1%

1.9%

2.8%
2.3%

7.2%

4.6%

3.8%

2.0%

6.4%

3.0%

0.0%

2.0%

4.0%

6.0%

8.0%

10.0%

12.0%

14.0%

16.0%

18.0%

20.0%

677 697 235 263

Control Intervention Control Intervention

All patients BNP >= 50

LVDD

LVSD

HF

OR 0.59 [0.38, 0.90]
p=0.01

OR 0.46 [0.27, 0.77]
p=0.003

McDonald K, JAMA 2013;310:66-74



Biomarkers—Take home

• CRP is not very useful as a risk predictor or tool to 
select candidates for prevention

– Consistent, but small associations with risk

– Not in causal pathway

– Nonspecific marker with no biological link with 
statins 

• NT-proBNP and hs-cTn more promising

– Predict HF/fatal CVD > ASCVD

– Likely would be gatekeeper tests

Candidates for Improving 
Cardiovascular Risk Prediction

Genetics

Biomarkers

Imaging

Atherosclerosis Imaging:
Clinically Used Modalities

• Carotid Intimal Medial Thickness

• Coronary Artery Calcium Scanning

• CT Angiography

Reclassification with CAC 
Scanning

Group NRI  (events) NRI (no 
events)

Total NRI

Overall 
cohort

23% 2% 25%

Intermed
risk

29% 26% 55%

MESA Study n=6813; mean age 62

Polonsky JAMA 2010;303:1610-16

Comparison of Markers for CV Risk 
Assessment in Intermediate-risk Individuals

Risk Marker Rotterdam Study MESA Heinz Nixdorf 
Recall Study

Net-reclassification Index
(Intermediate Risk Only)

CAC 39.3% 65.9% 30.6%

CIMT 4.6% 10.2% NR

ABI 7.3% 3.6% NR

FMD NR 2.4% NR

Hs-CRP 9.2% 7.9% NR

NT-proBNP 33.0% NR NR

Barth et al:  Curr Cardiovasc Imaging Rep 2013; 6:203 - 210

Final summary
• Standard risk factors alone or in combination do not 

predict risk well enough

– Missed opportunities for prevention

• The bar should be very high before adopting new tests 
into clinical practice

• Genetic testing not ready for clinical use

• Markers of existing disease (including imaging tools) 
much more useful than inflammatory markers

• CAC scanning clearly leading the pack

• NT-proBNP and high sensitivity troponins promising

• Different tests predict different adverse outcomes

• Multi-modality risk assessment is likely the way of the 
future


