
Prevention of Cardiovascular Disease 

• Screen for CV risk factors 
• Achieve a healthy lifestyle 

– Diet, Body Weight, Exercise, 
– Smoke cessation 

• Control blood pressure 
• Optimize lipid levels 
• Avoid/treat diabetes 
• Aspirin based upon risk/benefit 



Mortality Risk with Systolic Pressure at 
Fixed Diastolic Pressure 

Staessen et al; Lancet, 2000 



Mortality According to Blood Pressure  
in Men Age 50 to 69 
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He J, et at. Am Heart J. 1999;138:211-219. 
Copyright 1999, Mosby Inc. 
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Risk of CHD Death  
According to SBP and DBP in MRFIT 
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CHD=coronary heart disease 
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Risk of Stroke Death According  
to SBP and DBP in MRFIT 
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He J, et at. Am Heart J. 1999;138:211-219. 
Copyright 1999, Mosby Inc. 
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Men Women 

Isolated Systolic Hypertension  
and CVD Risk in Framingham 

ISH BP ≥160/<95 mmHg 

BP <140/95 mmHg 

82 

43 
33 

2.4 

18 

2.5 

CVD=cardiovascular disease    ISH=isolated systolic hypertension 
P<0.001 for difference between both men and women with ISH and 
blood pressure (BP) <140/95 mmHg 
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Hypertension Treatment Effect  
Mirrors Observational Data 
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CV Events and BP and Cholesterol Change  

Lloyd-Jones et al; Circ, 2010 



Landmark Clinical Trials 
Hypertension Treatment and Cardiovascular Disease Outcomes 

1967 – VA Cooperative Study on DBP 115-129 
1970 – VA Cooperative Study on DBP 90-114 
1979 – HDFP 
1980 – Australian Trial, Oslo Trial 
1985 – MRC I, EWPHE 
1991 – SHEP, STOP-Hypertension  
1992 – MRC II in the elderly 
1997 – Syst-Eur  
2002 – LIFE 
2002 – ALLHAT 

www.hypertensiononline.org 



Veterans Administration, 1967 

Veterans Administration, 1970 

Hypertension Stroke Study, 1974 

USPHS Study, 1977 

EWPHE Study, 1985 

Coope and Warrender, 1986 

SHEP Study, 1991 

STOP-Hypertension Study, 1991 

MRC Study, 1992 

Syst-Eur Study, 1997 

Total 

Relative Risk for Coronary Heart Disease 
Odds ratios and 

95% confidence intervals 

0 0.5 1 1.5 2 

0.79 
(0.69 to 0.90) 

He J, et al. Am Heart J. 1999; 138:211-219. 
Copyright 1999, Mosby, Inc. 

Active treatment better 
than placebo 

Active treatment worse 
than placebo 
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Veterans Administration, 1967 

Veterans Administration, 1970 

Hypertension Stroke Study, 1974 

USPHS Study, 1977 

EWPHE Study, 1985 

Coope and Warrender, 1986 

SHEP Study, 1991 

STOP-Hypertension Study, 1991 

MRC Study, 1992 

Syst-Eur Study, 1997 

Total 

Relative Risk for Stroke  

0 0.5 1 1.5 2 

0.63 
(0.55 to 0.72) 

Odds ratios and 
95% confidence intervals 

Active treatment better 
than placebo 

Active treatment worse 
than placebo 
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He J, et al. Am Heart J. 1999; 138:211-219. 
Copyright 1999, Mosby, Inc. 



Population-Based Strategy  
SBP Distributions 

Before 
Intervention 

After 
Intervention 

Reduction in SBP 
mmHg 

2 
3 
5 

Reduction  
in BP 

% Reduction in Mortality 
Stroke CHD Total 
 –6 –4 –3 
 –8 –5 –4 
 –14  –9 –7 



JNC 7: Treatment Overview 



Treatment reduced mortality by 13%, cardiovascular mortality 
 by 18%, stroke by 30%, and  coronary events by 23%. 



 
 

   

          

   

 
  

  
  

  
 

   

          
         

Intravascular Ultrasound 



CAD by IVUS 



LDL and Atheroma Volume 

Nichols et al; JACC, 2012 



Relation of LDL to Event Rate 

O’Keefe et al; JACC, 2004 



CAD in Young Adults 

Tuzcu et al; Circ, 2001 



PRIMARY PREVENTION
y = 0.0599x - 3.3952
R2 = 0.9305
p=0.0019
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Anglo-Scandinavian Cardiac Outcomes 
Trial—Lipid Lowering Arm  
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Sever et al; Lancet, 2003 



Original Article  
Rosuvastatin to Prevent Vascular Events in Men 

and Women with Elevated C-Reactive Protein 

Paul M Ridker, M.D., Eleanor Danielson, M.I.A., Francisco A.H. Fonseca, M.D., 
Jacques Genest, M.D., Antonio M. Gotto, Jr., M.D., John J.P. Kastelein, M.D., 
Wolfgang Koenig, M.D., Peter Libby, M.D., Alberto J. Lorenzatti, M.D., Jean G. 

MacFadyen, B.A., Børge G. Nordestgaard, M.D., James Shepherd, M.D., James T. 
Willerson, M.D., Robert J. Glynn, Sc.D., for the JUPITER Study Group 

N Engl J Med 
Volume 359(21):2195-2207 

November 20, 2008 



Study Overview 

• In this trial, 17,802 healthy men and women with low-density lipoprotein 
cholesterol levels of less than 130 mg per deciliter and high-sensitivity 
C-reactive protein levels of 2.0 mg per liter or more were randomly 
assigned to rosuvastatin or placebo 

• At a median of 1.9 years, the incidence of major cardiovascular events 
was significantly lower in the rosuvastatin group 



Cumulative Incidence of CV Events in JUPITER 

Ridker PM et al. N Engl J Med 2008 



Effects of Rosuvastatin on the Primary End Point, According to Baseline Characteristics 

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





Phase II Trial REGN727/SAR236553  
in Hypercholesterolemia 
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• Patients with primary hypercholesterolemia received SQ placebo or range of 
SAR236553 doses every 2 or 4 weeks for 12 weeks as adjunct to statins  

• More sustained efficacy with Q2W vs. Q4W regimen 
 
 

J Am Coll Cardiol 2012;Mar 26:[Epub ahead of print].  

(N = 183)  



Lifetime Risk Reduction in ARIC 

Cohen et al; NEJM, 2006 



Early LDL Reduction 
Brian A. Ference, MD, MPhil, MSc 

• Objective 
– Mendelian randomized controlled trial of 

long term reduction in low-density 
lipoprotein cholesterol (LDL-C) beginning 
early in life 

– Use allele associated with lower LDL-C as  
proxy for treatment that lowers LDL-C  
beginning at birth, to estimate clinical 
benefit  
of lowering LDL-C beginning early in life 

• Methods 
– Studies involving 9 SNPs from 6 different  

genes 
– Randomization to allele associated with 

lower LDL-C (treatment arm) or other 
allele (usual  
care arm) 

– Primary analysis: Association between  
exposure allele and CHD 

- Primary endpoint: CHD (CV death, MI,  
coronary revascularization) 
 
 



Early LDL Reduction 
• Results 

– Prolonged exposure to lower LDL-C 
beginning early in life associated with 3-
fold greater clinical benefit for each unit 
lower LDL-C than treatment with a statin 
started later in life 

• Conclusions 
– Clinical benefit of lowering LDL-C 

depends on both timing and magnitude of 
LDL-C reduction 

– Prolonged exposure to lower LDL-C 
beginning early in life (before 
development of atherosclerosis) 
substantially more effective at reducing 
CHD risk than current practice of lower 
LDL-C beginning later in life (after 
development of atherosclerosis). 

– This increased clinical benefit appears to 
be independent of the mechanism of LDL-
C lowering 



   

   

   

Low: <0.5 % 

High: >2 % 

Intermediate: 0.5-2.0 % 

Higher Risk: >15 % 

Risk Prediction 



What is Normal LDL? 
 

• Umbilical blood in range of 50 mg/dl 
• Hypobetalipoproteinemia can have normal 

survival 
• LDL receptors 50% saturated at 10 mg/dl 
• Most mammals have LDL of 50-70 mg/dl 



Comparative Cholesterol Levels 



Objective 

Use a well validated large-scale computer 
simulation model to compare the clinical and 
cost effectiveness of several screening 
strategies to universal treatment and to no 
treatment at all. 



The Archimedes Model 

• The Archimedes Model is a clinically detailed simulation of human physiology, 
disease progression and healthcare delivery.  

• The core of the model is a set of algebraic and differential equations representing the 
physiological pathways pertinent to diseases and their complications.  

• Use of a single model enables Archimedes to address co-morbidities, multiple organ 
syndromes, drugs with multiple effects, and combinations of treatments.  

• The use of differential equations preserves the continuous nature of biological 
variables and time, as well as the interactions between them.  

• Diseases and outcomes are defined in terms of underlying variables, enabling 
diseases to occur and progress in the same continuous fashion as reality. 
Interventions to both prevent and manage diseases are modeled at the level of the 
underlying biology.  

• The model accuracy has been validated against over 50 major clinical trials, including 
several statin trials relevant to this study such as HPS, 4S, IDEAL, and TNT.  



Simulation: Multi-arm trial 
Compare current standard of care with leading 

candidates representing alternate approaches 
 

Perform a multi-arm trial comparing 
– “Standard care” via ATP-III guidelines  
– Unconditional treatment: aspirin + statin for all 
– Imaging modalities via SHAPE guideline (2 

variations) 
• Using coronary artery calcium (CACS) 
• Using carotid intima-media thickness (CIMT) 

– Also compare to “do nothing” arm, where aspirin 
+ statin not prescribed 



Simulation Specs 
Population 

– Approx 50,000-person sample  
– Representative cross-section of US primary-prevention population, 

aged 40-75 
– Simulated individuals derived from people in NHANES, 1999-2004, 

to capture correct correlations & distributions of risk factors, histories 
Duration 

– Track for 35 years – until youngest members turn 75 – reporting 
results annually 

Outcomes 
– Primary health outcome: composite of MI, stroke, and CV death 
– Benefit, via quality-adjusted life-years (QALYs) 
– Cost-effectiveness, via ∆cost / ∆QALY 
 [Costs and QALYs discounted 3% per year] 



Standard Care 
• Subjects receive standard care as provided in the 

Archimedes Model 
– Cholesterol management as specified in ATP-III 

guidelines 
• Low risk:  0-1 risk factor     LDL target: 160 mg/dl 
• Moderate risk:  2+ risk factors    LDL target: 130 mg/dl 
• High risk: established CHD or equiv   LDL target: 100 mg/dl 
• Very high risk: establ CHD + add’l risk    LDL target: 70 mg/dl 

– Management of hypertension, diabetes, etc. consistent 
with JNC-7, ADA guidelines, …  

– Regular screening and care visits  
 



Unconditional Treatment Arm 
• All subjects receive statin therapy (simva 20mg) 

and low-dose aspirin (81mg) 
• No screening process to initiate treatment; no 

titration of treatment for primary prevention 
• Following CHD (or equivalent) events, change to 

“standard care” for secondary prevention 
• No explicit modeling of side effects nor 

discontinuation of treatment. Side effects of 
treatment were modeled indirectly through their 
influence on long-term adherence. 

 



Intervention Details 

• Statin usage 
– Titration of dosage to reach LDL goal  
 [except “unconditional” where simva 20 for all] 

• Aspirin usage 
– Subjects begin taking low-dose aspirin when 

they reach the “intermediate” risk level   
 [except in “unconditional”] 

• Adherence rate: assumed 50%; can be varied 



Average LDL Cholesterol 
at 50% Adherence 

0

20

40

60

80

100

120

140

0 5 10 15 20 25 30 35

Time (years)

av
g 

of
 L

D
L 

pe
r p

er
so

n 
al

iv
e

StandardCare Unconditional SHAPEwCACS SHAPEwCIMT DoNothing



Cumulative Probability of a first hard 
CVD event at 50% Adherence  
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  DO NOTHING STANDARD 
CARE 

SHAPE 
(CIMT) 

SHAPE 
(CACS) UNCONDITIONAL 

35-yr probability of first 
hard CVD event 35% + 28.8% ● 28.6% ● 28.4% ● ‡ 27.4% ● + 

total cost $49,479  $49,505  $50,022  $50,238  $49,343  

total QALYs 16.62 16.95 16.95 16.97 17.02 

∆cost/∆QALY  
      vs DO NOTHING --- $80  $1,649  $2,206  cost saving 

∆cost/∆QALY  
      vs STANDARD CARE 

Reduces 
QALYs --- no benefit $58,164  cost saving 

Costs and QALYs per initial person in the population.  
Figures based on a primary-prevention population, age 40-75, followed 35 yrs.  
Adherence rates of 50% for all four screening and prevention scenarios.  
● P < 0.0001 vs DO NOTHING;  + P < 0.0001 vs STANDARD CARE; ‡ P = 0.06 vs STANDARD CARE 

Clinical Effectiveness and Cost Effectiveness 



Conclusions 
• The Archimedes Model provides a powerful tool 

for simulation and exploration of alternative 
treatment scenarios 

• Screening with standard care (ATP-III), CACS 
and CIMT as per SHAPE, and Unconditional 
treatment strategies all reduce hard CV events 
at low cost/QALY compared to doing nothing 

• Unconditional treatment with statin and ASA is 
cost saving and is the only strategy that is 
significantly superior to ATP-III 



How It All Started 

• Coordinated effort to improve quality 
– State Department of Managed Health Care 
– Medical groups beyond managed care organizations 
– UC Berkeley School of Public Health 
– Rand Health (GO Grant) 

• Goal: Achieve national HEDIS 90% 
percentile targets 
– Blood pressure, lipids, blood sugar 

• University of Best Practices meetings 
– Monthly meetings 
– Physicians, nurses, administrators, pharmacist 
– Discuss successful strategies 
– Now sharing data among group participants 

79 

HEDIS, Healthcare Effectiveness Data and Information Set  



Be There Campaign 
 

• Concept: “Heart Attack and Stroke-free 
Zone”  
– Audacious goal to capture attention 
– Extends the risk reduction efforts to all citizens 
– Actively engages persons in their own health (care) 
– Conveys ownership to population  
– Taps in to community pride 

• Aim: Achieve both screening for risk 
factors and  compliance with interventions 

• Funding: $650,000; philanthropy 
• Steering Committee: Private-public 

partnership 
 80 



San Diego Demonstration Project 
Going Emotional!   

 Emotional “tug” is critical for commitment to change one’s behavior 

 Benefit to those we love can be a bigger driver than benefit to oneself 

 Caring for one’s own health makes it possible to “be there”  
     for those we love!   
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“When something is missing in your life,  

it usually turns out to be someone”.  
Robert Brault 



 
 
     

Be There Campaign 
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Be There Campaign 
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Statins in Elderly CHD: All Cause Mortality 

Afalilo et al; JACC, 2009 



Statins in Elderly CHD: Nonfatal MI 

Afalilo et al; JACC, 2009 



Statins in Elderly CHD: CHD Mortality 

Afalilo et al; JACC, 2009 



PRIMARY PREVENTION
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JUPITER Results in Elderly: 
Primary Endpoint (1st CV Event) 

Glynn R J et al. Ann Intern Med 2010 



JUPITER: Results  
in Elderly 

Glynn R J et al. 
 Ann Intern Med 2010 

MI, Stroke, 
Death 

First CV Event 
And  Death 

1st CV  
Event 



Is aspirin indicated in this patient? 

• Yes, if he becomes diabetic. 
• Yes, because of the added benefit to 

reduce stroke. 
• No, 325 mg ASA increases risk of GI 

bleed. 
• No, because he is hypertensive. 
• It all depends on the relation between the 

risk for CV events versus GI bleed.  





Estimated MIs prevented and estimated harms of 
using aspirin for 10 years in a hypothetical cohort 
of 1000 men. Estimates are based on age and 10-

year CHD risk. 
 

U.S. Preventive Services Task Force 

Ann Intern Med 2009;150:396-404 

      



MI and Stroke Prevented by ASA 

USPSTF; Ann Int Med, 2009 

MI Stroke 



CV Prevention in Elderly: Summary 

• Recommend Mediterranean type diet, 
optimal weight, daily exercise, no smoking 

• Keep BP <140 mm/Hg systolic and LDL 
cholesterol <130 mg/dl. 

• If 10 yr risk >or= 20%; ASA 75 mg and 
statin to reduce LDL to 100 mg/dl 

• Reduce BP < 130 in diabetics or renal 
disease 

• Start low dose and monitor closely 



Cardiovascular Risk Factors 

• History of CV Disease 
• Age 
• Sex 
• Family history 

 

• Blood pressure 
• Smoking 
• High LDL, low HDL 
• Diet 
• Weight 
• Physical conditioning 
• Thrombogenic factors 
 

Modifiable Non-modifiable 



Hypertension in Elderly 

AND 



Hpertension in Elderly 



Compelling Indications for 
Antihypertensive Therapies 







Death and Stroke in HYVET 



Heart Failure in HYVET 


