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Primary versus 
Secondary Prevention

• “The 2 disciplines are absolutely and fundamentally different 
in their obligations and implied promises to the individuals 
whose lives they modify. When patients sought me out for 
help with their established, symptomatic diseases, I 
promised them only to do my best and never guaranteed 
that my interventions would make them better.”

• “But surely the fundamental promise we make when we 
actively solicit individuals and exhort them to accept 
preventive interventions must be that, on average, they will 
be the better for it… do more good than harm.”

Sackett DL. The arrogance of preventive medicine. C MAJ. 2002;167Sackett DL. The arrogance of preventive medicine. C MAJ. 2002;167 (4):363(4):363--364 364 



Biomarkers

• Traditional Risk factors eg. Framingham
• Serum i.e. Inflammatory
• ABI
• Imaging

� CIMT
� Echo
� Calcium Scoring
� Novel Technologies



Prevalence of conventional risk Prevalence of conventional risk 
factorsfactors †† in male patients with CHDin male patients with CHD

None

One

Two

Three

Four 
(0.9%)

Total male patients=87 869
CHD=coronary heart disease
†smoking, hypertension, hypercholesterolaemia and diabetes mellitus

Khot UN et al. JAMA 2003; 290: 898Khot UN et al. JAMA 2003; 290: 898 ––904904

19.4%

43.0%

27.8%

8.9%



INTERHEART: Impact of multiple INTERHEART: Impact of multiple 
risk factors on CV riskrisk factors on CV risk

Yusuf S et al. Lancet. 2004;364:937Yusuf S et al. Lancet. 2004;364:937 --5252
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DM
(2)

HTN
(3)

ApoB-
ApoA1

(4)

1+2+3 All 4 All 4
+ Obes

All 4
+ Ps

All risk
factors

2.9 2.4 1.9 3.3 13.0 42.3 68.5 182.9 333.7

Smk = smoking
DM = diabetes
HTN = hypertension
Obes = obesity
Ps = psychosocial factors
Note: odds ratio plotted on a doubling scale 



Ankle Brachial Index Collaboration. JAMA 2008; 300: 197Ankle Brachial Index Collaboration. JAMA 2008; 300: 197--208208

10-year cardiovascular mortality 
(%) according to baseline ABI 

Group Low ABI (< 0.90) Normal ABI (1.11–1.40)

Men 18.7 4.4

Women 12.6 4.1



CRP contributes to all stages CRP contributes to all stages 
of atherosclerosisof atherosclerosis

NO: Nitric oxide, VSMC: Vascular Smooth Muscle Cell, TF: Tissue factor

Bisoendial RJ, Kastelein JJP, Stroes ESG. Atheroscl erosis 2007; Bisoendial RJ, Kastelein JJP, Stroes ESG. Atheroscl erosis 2007; 195:e10195:e10--1818
Packard RRS, Libby P. Clin Chem 2008; 54:24Packard RRS, Libby P. Clin Chem 2008; 54:24 --3838

Roles 
of CRP

Progression of atherosclerosis

Endothelial 
Dysfunction
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¯ NO
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­ TF secretion
¯ Fibrinolysis
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migration 
­ VSMC 
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activation

­ Monocyte 
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­ Endothelial 
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CRP is a strong independent CRP is a strong independent 
predictor of future CV eventspredictor of future CV events

• CRP is a strong independent predictor of cardiovascular 
events1

• Addition of CRP to the Framingham algorithm improves 
global cardiovascular risk prediction2

• CRP and LDL-C are complementary biomarkers for 
identifying at-risk individuals3

1. Ridker PM. JACC 2007;49:21291. Ridker PM. JACC 2007;49:2129 --3838
2. Ridker PM. JAMA 2007;297:6112. Ridker PM. JAMA 2007;297:611 --99

3. Ridker PM et al. N Engl J Med 2002; 347: 15573. Ridker PM et al. N Engl J Med 2002; 347: 1557 ––15651565



Criteria for assessment of novel 
cardiovascular biomarkers for clinical useuse

1.Can the clinician measure the biomarker?

2.Does the biomarker add new information?

3.Will the biomarker help the clinician to manage 
patients?

Morrow DA & de Lemos JA. Circulation. 2007;115:949Morrow DA & de Lemos JA. Circulation. 2007;115:949 --952952



CRP predicts risk of MI and stroke CRP predicts risk of MI and stroke 
in apparently healthy menin apparently healthy men

CRP=C-reactive protein; MI=myocardial infarction
*p=0.03 vs quartile 1; ***p<0.001 vs quartile 1

Quartile of CRP

Relative
risk of 
ischaemic
stroke 

0
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1.5
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*

Quartile of CRP

Relative 
risk 
of MI

0

0.5

1.0

1.5

2.0

2.5

3.0

3.5

1 2 3 4

***

Quartile 1: � 0.55 ; Quartile 2: � 0.56-1.14;
Quartile 3: 1.15-2.10 ; Quartile 4: ³ 2.11.

Ridker PM et al. N Engl J Med 1997; 336: 973Ridker PM et al. N Engl J Med 1997; 336: 973 ––979979



CRP is a stronger predictor of future events CRP is a stronger predictor of future events 
compared with other markers in womencompared with other markers in women

CRP=C-reactive protein; Lp(a)=lipoprotein (a); IL=interleukin; TC=total cholesterol; LDL-C=low-density lipoprotein cholesterol;  sICAM-1=soluble 
intercellular adhesion molecule 1; SAA=serum amyloid A; Apo=apolipoprotein; HDL-C=high-density lipoprotein cholesterol 

BBlake GJ, Ridker PM. Circ Res 2001; 89: 763lake GJ, Ridker PM. Circ Res 2001; 89: 763 ––771771

0

Lp(a)
Homocysteine
IL-6
TC
LDL-C
sICAM-1
SAA
ApoB
TC/HDL-C
CRP
CRP + TC/HDL-C

Relative risk of future cardiovascular events

1.0 2.0 4.0 6.0



WomenWomen ’’s Health Studys Health Study
Cardiovascular eventCardiovascular event --free survival free survival 

using combined LDLusing combined LDL --C and CRP measurementsC and CRP measurements

LDL-C=low-density lipoprotein cholesterol; CRP=C-reactive protein
Median LDL-C=3.2 mmol/L (124 mg/dL)
Median CRP=1.5 mg/L 
Ridker PM et al. N Engl J Med 2002; 347: 1557–1565.
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Ridker PM et al. N Engl J Med 2002; 347: 1557– 1565



A Greater Number of Metabolic Syndrome A Greater Number of Metabolic Syndrome 
Components Leads to Greater Risk for CV Events: Components Leads to Greater Risk for CV Events: 

Framingham Offspring Study 8Framingham Offspring Study 8 --Year FollowYear Follow --UpUp

Wilson PWF et alal. Circulation 2005;112:3066-3072

Event

No. of Metabolic 
Syndrome Risk 

Factors

Age-Adjusted Relative Risk (95% CI)

Men Women
CVD 0 Referent Referent

1–2 1.48 (0.69–3.16) 3.39 (1.31–8.81)
� 3 3.99 (1.89–8.41) 5.95 (2.20–16.11)

Hard CHD 0 Referent Referent
1–2 0.98 (0.36–2.67) 3.77 (0.45–31.28)
� 3 2.55 (0.96–6.79) 7.21 (0.81–64.37)

Total CHD 0 Referent Referent
1–2 1.24 (0.54–2.83) 3.29 (0.95–11.34)
� 3 3.01 (1.33–6.83) 3.96 (1.02–15.38)

T2DM 0 Referent Referent
1–2 4.16 (0.98–17.64) 6.10 (1.85–20.10)
� 3 23.83 (5.80–98.01) 29.69 (9.10–96.85)



YESYESYESNONONO1998
PHYSICIANS 

HEALTH STUDY

MODIFIABLE RISK FACTORS ADJUSTED 
FOR IN PUBLISHED ANALYSIS

STUDY YEAR LDL TG HDL WC/BMI GLUCOSE BP
MRFIT 1996 YES YES YES NO YES YES

MONICA 1999 NO NO YES YES YES YES
HOORN 1999 NO YES YES YES YES YES
CAERPHILLY 2000 NO NO YES YES NO YES
AFCAPS/TEXCAPS 2001 YES NO YES NO NO YES
WOSCOPS 2003 YES YES YES NO NO NO
WHS 2003 NO NO NO YES YES YES
ROTTERDAM 2003 NO NO YES YES YES YES
ARIC 2004 NO NO YES NO YES YES
REYKJAVIK 2004 NO NO NO YES YES YES
FRAMINGHAM 
OFFSPRING

2004 NO NO NO YES YES YES

PROVE IT 2005 YES NO NO YES YES YES
NHANES 2005 NO YES YES YES YES YES
JUPITER 2008 YES NO NO YES YES YES

Adjustment for Traditional Risk Factors Adjustment for Traditional Risk Factors 
in Studies of CRP and Cardiovascular Riskin Studies of CRP and Cardiovascular Risk

Farkouh ME. et al. Nat Clin Pract Cardiovasc Med. 2 007;4:290Farkouh ME. et al. Nat Clin Pract Cardiovasc Med. 2 007;4:290 --11



INTERVENTION % REDUCTION IN 
DEVELOPMENT 
OF CHD

% REDUCTION IN 
DEVELOPMENT 
OF TYPE 2-DM

EVIDENCE 
BASED ON

EFFECT 
ON CRP

Wt Loss & Exercise N/A 58 UKPDS1,FDPS2 Reduced12

Smoking Cessation 25 35 OSLO3 Reduced13

Metformin N/A 31 UKPDS Reduced14

Thiazolidinediones 16 55 PROACTIVE4,TRIPOD5 Reduced15

ACEI 22 34 HOPE6 Reduced16

ARB 13 25 LIFE7 Reduced17

Statin 31 30 WOSCOPS8 Reduced18

Orlistat 24 37 XENDOS9 Reduced19

Bariatric Surgery N/A 90 SOS10 Reduced20

Fibrates 65 N/A Helsinki Heart Study11 Reduced21

Interventions Leading to Reduction in Development o f Interventions Leading to Reduction in Development o f 
CHD/TYPE 2CHD/TYPE 2--DM and their Effect on CRPDM and their Effect on CRP

Farkouh ME. et al. Nat Clin Pract Cardiovasc Med. 2 007 Jun;4(6):Farkouh ME. et al. Nat Clin Pract Cardiovasc Med. 2 007 Jun;4(6): 290290--11



Ridker, P. M et al. Circulation 2003;108:2292 -2297

hsCRP Adds Prognostic Information 
at all levels of the Framingham Risk Score



Wang, JM. et al. NEJM. 2006 355(25)2631Wang, JM. et al. NEJM. 2006 355(25)2631 --26392639

Framingham Heart Study: ReceiverFramingham Heart Study: Receiver --Operating Operating 
Characteristic Curves for Death and Major Cardiovas cular Characteristic Curves for Death and Major Cardiovas cular 

Events during 5Events during 5 --Year FollowYear Follow --up up 
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Reclassification based upon Reclassification based upon 
FraminghamFramingham -- models with CRPmodels with CRP

Shah, T. et al. Int. J. EpidemiolEpidemiol. 2009 38:217- 231



Vasan, R. S Int. J. Epidemiol. 2009 38:231Vasan, R. S Int. J. Epidemiol. 2009 38:231 --234234

Evaluating Incremental Yield of a New BiomarkerEvaluating Incremental Yield of a New Biomarker

Biomarker Ideal 
biomarker

CRP

Association with CVD + +

­­­­ C statistic + +/–

­­­­ Calibration + +

­­­­ Risk reclassification + +

Change management + +/?

No. needed to screen is small + ?

Cost-effective + ?



Vasan RS. Int J Epidemiol 2009;38:231Vasan RS. Int J Epidemiol 2009;38:231 --234 234 

The only relevant test of the validity 
of a hypothesis is comparison of 
prediction with experience
-Milton Friedman



JUPITER JUPITER 

• Nearly half of all cardiovascular events occur in patients who are apparently 
healthy and who have low or normal levels of LDL-C

• Along with improved screening there is a need to examine the use of lipid-
lowering agents as a method of reducing the risk of cardiovascular events

• JUPITER is the first large-scale, prospective study to examine the role of 
statin therapy in individuals with low to normal LDL-C levels, but with 
increased cardiovascular risk identified by elevated CRP 

• It assessed the long-term impact of rosuvastatin  in individuals potentially at 
increased cardiovascular (CV) risk due to elevated CRP levels who do not 
qualify for lipid-lowering treatment according to current guidelines 

Ridker P et al. N Eng J Med 2008;359: 2195Ridker P et al. N Eng J Med 2008;359: 2195 --22072207



JUPITER JUPITER –– study designstudy design

Lipids
CRP

Tolerability

Lipids
CRP

Tolerability
HbA1C

Placebo 

run-in

1
–6

2
–4

3
0

4
13

Final
3–4 y

6-month
intervals

Visit:
Week:

Randomisation Lipids
CRP

Tolerability

Rosuvastatin 20 mg (n~8900)

Placebo (n~8900)

Lead-in/
eligibility

No history of CAD 

men � 50 yrs

women � 60 yrs

LDL-C <130 mg/dL

CRP � 2.0 mg/L

CAD=coronary artery disease; LDL-C=low-density lipoprotein cholesterol; CRP=C-reactive protein; HbA1c=glycated haemoglobin

Ridker PM. Ridker PM. Circulation 2003; 108: 2292Circulation 2003; 108: 2292 ––2297 |  2297 |  Ridker PM. Ridker PM. Am J Cardiol 2007; 100: 1659Am J Cardiol 2007; 100: 1659 ––16641664



Major inclusion criteriaMajor inclusion criteria

• Men aged � 50 years; women aged � 60 years

• Fasting LDL-C levels < 130 mg/dL, 

• CRP levels � 2.0 mg/L 

• TG levels < 500 mg/dL 

Ridker PM. Ridker PM. Circulation 2003; 108: 2292Circulation 2003; 108: 2292 ––22972297
Ridker PM. Ridker PM. Am J Cardiol 2007; 100: 1659Am J Cardiol 2007; 100: 1659 ––16641664



Major exclusion criteria Major exclusion criteria 
• Current use of statins or other lipid-lowering therapies

• Prior history of cardiovascular or cerebrovascular events, such 
as MI, unstable angina, prior arterial revascularisation or stroke, 
or CHD-risk equivalents (diabetes)

• Chronic inflammatory condition, such as severe arthritis, lupus 
or inflammatory bowel disease

• CK >3 x ULN

Ridker PM. Ridker PM. Circulation 2003; 108: 2292Circulation 2003; 108: 2292 ––22972297
Ridker PM. Ridker PM. Am J Cardiol 2007; 100: 1659Am J Cardiol 2007; 100: 1659 ––16641664



JUPITER JUPITER –– study endpoints study endpoints 

• Primary

� time to the first occurrence of a major 
cardiovascular event (cardiovascular death, 
stroke, MI, unstable angina or arterial 
revascularisation)

• Secondary

� Efficacy (incident diabetes mellitus, venous 
thromboembolic events, bone fractures)

� Safety (total mortality noncardiovascular 
mortality, adverse events)

Ridker PM. Ridker PM. CirculationCirculation 2003; 108: 22922003; 108: 2292––22972297
Ridker PM. Ridker PM. Am J Cardiol 2007Am J Cardiol 2007 ; 100: 1659; 100: 1659––16641664
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JUPITER Baseline CharacteristicsJUPITER Baseline Characteristics

Ridker, PM. et al. NEJM. 2008 359(21)2195- 2207



Level 12 Mo 24 Mo 

Rosuvastatin Placebo Rosuvastatin Placebo 

High-sensitivity CRP 
(mg/liter) (Median)

2.2 3.5 2.2 3.5

LDL cholesterol
(mg/dl) (Median)

55 110 54 108

HDL cholesterol 
(mg/dl) (Median)

52 50 52 50 

Triglycerides 
(mg/dl) (Median)

99 119 99 116 

Lipid and High-Sensitivity C-Reactive Protein Level s 
during the Follow-up Period, According to Study Gro up

Ridker, PM. et al. NEJM. 2008 359(21)2195Ridker, PM. et al. NEJM. 2008 359(21)2195 --22072207



JUPITERJUPITER
Effects on LDL-C, HDL-C, TG and hsCRP at 12 months;
Percentage change between rosuvastatin and placebo 
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50%

4%

17%

37%

p<0.001

p<0.001

p<0.001

*P-value at study completion (48 months) = 0.34

Ridker P et al. N Eng J Med 2008;359: 2195Ridker P et al. N Eng J Med 2008;359: 2195 --22072207

p<0.001*
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Placebo

Rosuvastatin 20 mg

JUPITER JUPITER -- Primary EndpointPrimary Endpoint
Time to first occurrence of a CV death, non-fatal s troke, non-fatal

MI, unstable angina or arterial revascularization
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Number at risk
RSV 8901   8412   3893              1353               538     157
Placebo 8901  8353 3872              1333               531    174

Hazard Ratio 0.56 Hazard Ratio 0.56 
(95% CI 0.46(95% CI 0.46--0.69)0.69)
P<0.00001P<0.00001

Ridker P et al. N Eng J Med 2008;359: 2195- 2207

NNT for 2y  = 95NNT for 2y  = 95
5y* = 255y* = 25

*Extrapolated figure based on Altman and Andersen method



End Point 

Rosuvastatin Placebo Hazard 
Ratio P Value (N = 8901) (N = 8901) 

No. of 
Patients

Rate per 
100 person-yr

No. of 
Patients

Rate per 
100 person-yr

Primary end point 142 0.77 251 1.36 0.56 <0.00001 

Nonfatal myocardial 
infarction 22 0.12 62 0.33 0.35 <0.00001 

Nonfatal stroke 30 0.16 58 0.31 0.52 0.003

Arterial revascularization 71 0.38 131 0.71 0.54 <0.0001 

Hospitalization for 
unstable angina 16 0.09 27 0.14 0.59 0.09

Myocardial infarction, 
stroke, or confirmed death 
from cardiovascular 
causes 

83 0.45 157 0.85 0.53 <0.00001 

Any death 198 1 247 1.25 0.80 0.02

JUPITER: Outcomes 
According to Study Group 

Ridker, PM. et al. NEJM. 2008 359(21)2195Ridker, PM. et al. NEJM. 2008 359(21)2195 --22072207



JUPITER JUPITER –– Subgroup analysis Subgroup analysis 
Rosuvastatin better Placebo better
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Ridker P et al. N Eng J Med 2008;359: 2195Ridker P et al. N Eng J Med 2008;359: 2195 --22072207

Hazard ratio (95% CI)
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JUPITER - Total Mortality
Death from any cause
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Number at risk
RSV 8901   8787            4312              1602              676    227
Placebo 8901  8775            4319              1614              681    246

Hazard Ratio 0.80 
(95% CI 0.67-0.97)
p=0.02

Ridker P et al. N Eng J Med 2008;359: 2195Ridker P et al. N Eng J Med 2008;359: 2195 --22072207



JUPITER
Tolerability and safety data 

Adverse Events, (%)
Any serious adverse event 15.5 15.2 0.60
Muscle weakness, stiffness, pain 15.4 16.0 0.34
Myopathy 0.1 0.1 0.82
Rhabdomyolysis 0.0 <0.1* ----
Newly diagnosed cancer 3.5 3.4 0.51
Death from cancer 0.7 0.4 0.02
Gastrointestinal disorders 19.2 19.7 0.43
Renal disorders 5.4 6.0 0.08
Bleeding 3.1 2.9 0.45
Hepatic disorders 2.1 2.4 0.13

Other events, (%)
Newly diagnosed diabetes** 2.4 3.0 0.01
Haemorrhagic stroke 0.1 0.1 0.44

Placebo Rosuvastatin        p-value [n=8901]
[n=8901]

*Occurred after trial completion; **physician reported newly diagnosed diabetes Ridker P et al. N Eng J Med 2008;359: 2195Ridker P et al. N Eng J Med 2008;359: 2195 --22072207



JUPITER Dual Target Analysis: JUPITER Dual Target Analysis: 
LDLLDL --C <70 mg/dL, hsCRP<1 mg/LC <70 mg/dL, hsCRP<1 mg/L

LDL > 70 mg/dL
or

hsCRP > 1 mg/L
HR 0.59 (0.46-0.75)

LDL < 70 mg/dL
and

hsCRP < 1 mg/L 
HR 0.21 (0.09-0.51)

Placebo 
HR 1.0 (referent)

p < 0.0001

0 1 2 3 4

0.00
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0.04

0.06

0.08
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um

ul
at

iv
e 

In
ci

de
nc

e

Number at Risk
Follow-up (years)

Rosuvastatin
Placebo

7,716 7,699 7,678 6,040 3,608 1,812 1,254 913 508 145
7,832 7,806 7,777 6,114 3,656 1,863 1,263 905 507 168

Ridker  PM et al. Lancet.  2009:373:1147Ridker  PM et al. Lancet.  2009:373:1147 --88



The occurrence of 
CVD Event Rates at FU RRR 

(CER-
EER)/CER

ARR 
(CER-EER)

NNT
(100/ARR)

CER EER

Trial X 1.4% 0.8% 43% 0.6% 167

high hypothetical
case A

14% 8% 43% 6% 17

low hypothetical
case B

0.14% 0.08% 43% 0.06% 1,667

Number Needed to Treat (NNT) Number Needed to Treat (NNT) 
more informative thanmore informative than

Relative Risk Reduction (RRR) Relative Risk Reduction (RRR) 



JUPITER JUPITER 
Summary and PerspectivesSummary and Perspectives

• The JUPITER study included patients with low to normal LDL-C who 
were at increased CV risk as identified by elevated CRP levels and who 
did not require statin treatment based on current treatment guidelines

• A 44% reduction in the primary endpoint of major cardiovascular events 
(composite of: CV death, MI, stroke, unstable angina, arterial 
revascularisation) was observed in patients who received rosuvastatin 20 
mg compared with placebo (p< 0.00001)

• In JUPITER, long-term treatment with rosuvastatin 20 mg was well 
tolerated in nearly 9000 study participants  

• The results from JUPITER highlight the importance of highly effective 
statin treatment for these patients with an increased risk of CV disease

Ridker P et al. N Eng J Med 2008;359: 2195Ridker P et al. N Eng J Med 2008;359: 2195 --22072207



Characteristics
Sensitivity Specificity Positive 

Predictive Value
Negative 

Predictive Value
Age < 75 years 21.7 82.3 55.6 50.7
Men 54.2 32.8 45.1 41.2

Non-Hispanic black vs. white 8.8 93.6 58.3 50.3
Hispanic vs. Non-Hispanic white 6.1 94.6 52.8 50.3

Smoking status
Former vs. never 45.5 58.0 49.2 54.3
Current vs. never 36.2 79.7 65.2 54.3

Body mass index, kg/m2

25 to 29.9 vs. 18.5 to 24.9 48.6 53.3 45.1 56.8
<30 vs. 18.5 to 24.9 53.4 70.3 67.3 56.8

Chronic kidney disease 16.7 92.2 68.6 52.0
Elevated blood pressure 60.3 58.4 59.7 59.0
Abdominal obesity 58.8 59.6 59.8 58.6
Low HDL-cholesterol 20.8 90.9 69.9 52.9
High triglycerides 32.5 79.0 61.2 53.4
Impaired fasting glucose 52.1 63.2 59.1 56.3
Metabolic syndrome 39.0 80.8 67.4 56.5
< 2 CHD risk factors 59.7 55.1 57.6 57.3

NHANES III: CANNOT PREDICT subjects having CRP � 2 mg/L 
among older US adults ( � 50 years for men and � 60 
years for women) not on or recommended statins

Muntner PMuntner P ……Farkouh M. AJC in PressFarkouh M. AJC in Press



ConclusionsConclusions
• Traditional risk factors are the cornerstone of risk 

stratification in primary CV prevention
• Hs-CRP is associated with increased CV risk BUT the 

question remains: Is this independent of traditional risk 
factors

• Use the system that works for you; Framingham score is not 
being used

• JUPITER provides a platform for using  hs CRP to decide 
who to treat with statins in patients already at target for LDL:
MUST IDIVIDUALIZE THERAPY

• What do we do with patients we believe to be at risk with 
CRP<2.0. Will they benefit from LDL lowering?

• Other inflammatory markers are not ready for prime time
• Imaging strategies are making a challenge


