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1913

Development of atherosclerose after 
feeding rabbits with cholesterol diet

N. Anitschov 

Normal diet Cholesterol diet
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Milestones on the road to acceptance of the lipid h ypothesis

1913 1943
Prof. C. de Langen: relation cholesterol in 
diet and blood cholesterol.
Difference between NL and Indonesia

Prof. Snapper, Prof. Groen



1913 1955

Seven Countries Study shows linear relation 
between blood cholesterol and heart disease

Ancel Keys 

Milestones on the road to acceptance of the lipid h ypothesis
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A. Keys, 7 countries study, 1952-1962

Goldstein & Brown, Science 2006Goldstein & Brown, Science 2006



Incidence of CHD by Cholesterol Quintiles
Law MR, Wald NJ, Thompson SG BMJ 1994;308:367



15.745 men in 3 centres (E, B, P): (WHO sponsored)

Results after 5 years:
•9% reduction in TC, 20% reduction in IHD rate
•Excess total mortality (n=30) in clofibrate 
group



1913 1971 1984
LRC-CPPT with 
cholestyramine
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• 1971 – 1984, aver. 7.4 yr
• 24 g cholestyramine
• 3806 men 35-59 yr
• Total cholesterol > 6.9 mmol/L
• 500.000 men screened from 1973-76
• $150 million NIH

Result: 
•13.4% reduction in TC
•20% reduction in LDL-chol
•19% reduction PE, p<0.05

(one-tailed t-test)

JAMA 1984:251:365



1985





Search for inhibitors of cholesterol 
biosynthesis 

1959: Introduction Triparanol  (Wm. S. Merrell Co., Cincinnati, USA)

Inhibition latest step conversion desmosterol -> ch olesterol
25% reduction cholesterol, but increase atherogenic  precursor

Lens cataract, even blindness and hair loss in rats  and dogs
(FDA not notified)
Eye abnormalities in patients

1963: Grand jury criminal indictment; settlement $ 5 0 million

Consequence: Abrupt stop in search for inhibitors of cholesterol
biosynthesis!



Sept 1989



15 February 1992



1913 1976 1980 1987

•1976: Discovery first statin 
(compactin) after testing >6000 
fungi (A. Endo)

•1980: 2e statin (mevinolin,    
lovastatin) (A. Alberts)

• 1987: FDA approval mevinolin 
(lovastatin)

A. Alberts
(Merck)

A. Endo
(Sankyo)

Milestones on the road to acceptance of the lipid h ypothesis



Penicillium citrinum, Aspergillus terreus Monascus ruber 
producer of compactin producers of  mevinolin (lovastatin)
(mevastatin) 



1913 1974

Joseph L. Goldstein 
Michael S. Brown

•Discovery LDL receptor and 
cellular cholesterol regulation

• 1985 Nobel price

1985

Milestones on the road to acceptance of the lipid h ypothesis
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Landmark Trials with StatinsLandmark Trials with Statins
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First 5 Trials Proved RRR 
In Morbidity And Mortality

Vs Placebo

1994 4S                                           
1995 WOSCOPS
1996 CARE
1998 AFCAPS/TexCAPS

LIPID

2001 MIRACL
2002 HPS

PROSPER
ALL-HAT LLT*

2003 ASCOT-LLA
2004 PROVE IT

ALLIANCE
CARDS
A to Z,  4 D*

Second Wave Of Trials 
� Focus on other high-risk groups

– ACS, elderly, DM, HTN, ESRD
� Comparisons beyond placebo

– vs usual care (ALLIANCE, ALL-HAT)
– active comparator (PROVE IT, A to Z)

Second Wave Of Trials 
� Focus on other high-risk groups

– ACS, elderly, DM, HTN, ESRD
� Comparisons beyond placebo

– vs usual care (ALLIANCE, ALL-HAT)
– active comparator (PROVE IT, A to Z)

2005 TNT
IDEAL  

Intensity Of Statin Treatment In Stable 
CHD Patients Receiving
Contemporary Therapy 

Intensity Of Statin Treatment In Stable 
CHD Patients Receiving
Contemporary Therapy 

Landmark Statin Trials n= >125,000Landmark Statin Trials n= >125,000

* NS

2006 SPARCL
MEGA

2007/8 CORONA* JUPITER

Stroke, intensive treatment
Japanese, low risk populations

Heart Failure

Stroke, intensive treatment
Japanese, low risk populations

Heart Failure



High-dose better High-dose worse

Odds Odds 

ReductionReduction

Event RatesEvent Rates

No./Total (%)No./Total (%)

High DoseHigh Dose Std DoseStd Dose

--17%17%
147/2099 147/2099 

(7.0)(7.0)
172/2063 172/2063 

(8.3)(8.3)

--15%15%
205/2265 205/2265 

(9.1)(9.1)
235/2232 235/2232 

(10.5)(10.5)

--21%21%
334/4995 334/4995 

(6.7)(6.7)
418/5006 418/5006 

(8.3)(8.3)

--12%12%
411/4439 411/4439 

(9.3)(9.3)
463/4449 463/4449 

(10.4)(10.4)

--16%16%
1097/13798 1097/13798 

(8.0)(8.0)
1288/13750 1288/13750 

(9.4)(9.4)

PROVE ITPROVE IT--TIMI 22TIMI 22

AA--toto--ZZ

TNTTNT

IDEALIDEAL

TotalTotal

0.658451 1 1.51872

OR, 0.84
95% CI, 0.77-0.91
p=0.00003

Odds Ratio (95% CI)

MetaMeta--Analysis of Intensive Statin Therapy Analysis of Intensive Statin Therapy 
Coronary Death or MICoronary Death or MI

Cannon CP, et al. JACC 2005; 48: 438 - 445. 



IHD Mortality versus total cholesterol
Lancet  2007;370:1829-39



IHD Mortality versus (A) HDL-chol and (B) non-HDL-c hol

Lancet  2007;370:1829-39



Reduction in LDL cholesterol (mmol/L)
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CTT Collaborators.   Lancet 2005;366:1267-78

Proportional Reduction in MCE Proportional Reduction in MCE 
by Mean Reduction in LDLby Mean Reduction in LDL--CC

Prospective meta-analysis of data from 90,056 
participants in 14 randomised trials of statins



CTT Collaborators,CTT Collaborators,

Lancet 2005; 366:1267Lancet 2005; 366:1267

Prospective meta-analysis of data from 90,056 
participants in 14 randomised trials of statins



What is the optimal LDLWhat is the optimal LDL--cholesterol?cholesterol?



CAD incidence in 15 years in ARICCAD incidence in 15 years in ARIC

NEJM 2006; 354:1264.NEJM 2006; 354:1264.
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In those with PCSK9 variants and 28 % In those with PCSK9 variants and 28 % 
LDL reduction CAD risk decreased 88 %LDL reduction CAD risk decreased 88 %

Sequence variation in Sequence variation in 
PCSK9 that decreased PCSK9 that decreased 

LDL 15 %LDL 15 %

CHD risk ↓↓↓↓ 47 %
p = 0.003

PCSK9142X PCSK9142X

P=0.008
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Lowering LDL only how low

Or for how long ?

Lowering LDL only how low

Or for how long ?

Brown & Goldstein Science 2006; 311:1721.Brown & Goldstein Science 2006; 311:1721.



Lipid Levels in 525 NewbornsLipid Levels in 525 Newborns

•• Total cholesterolTotal cholesterol 72 mg/dl72 mg/dl 1.9 mmol/L1.9 mmol/L
•• HDL cholesterolHDL cholesterol 34 mg/dl34 mg/dl 0.9 mmol/L0.9 mmol/L
•• LDL cholesterolLDL cholesterol 29 mg/dl29 mg/dl 0.8 mmol/L0.8 mmol/L
•• TriglyceridesTriglycerides 43 mg/dl43 mg/dl 0.5 mmol/L0.5 mmol/L

•• Apo A1Apo A1 77 mg/dl77 mg/dl
•• Apo BApo B 28 mg/dl28 mg/dl

•• Apo B/Apo A1Apo B/Apo A1 0.360.36

Descamps O, et al. Atherosclerosis 2004;172:287-298

(mean)



“Normal” LDL-cholesterol
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What are the disadvantages of What are the disadvantages of 
intensive LDLintensive LDL--cholesterol lowering?cholesterol lowering?



Cerivastatin and RhabdomyolyisCerivastatin and Rhabdomyolyis

•• Cerivastatin introduced in the US in 1997 Cerivastatin introduced in the US in 1997 
•• 1997 1997 -- December 2000December 2000

–– 772 cases of Rhabdomyolysis772 cases of Rhabdomyolysis
–– 387 cases using Cerivastatin387 cases using Cerivastatin
–– MortalityMortality

•• 31 patients using Cerivastatin31 patients using Cerivastatin
•• 12 patients using Cerivastatin and Gemfibrozil12 patients using Cerivastatin and Gemfibrozil
•• 52 patients using other statins52 patients using other statins
•• Before 1997 in total 29 patientsBefore 1997 in total 29 patients

–– Global mortality with Cerivastatin 52 patients Global mortality with Cerivastatin 52 patients 
(june 30 2001)(june 30 2001)



IDEAL: Tolerability of treatmentsIDEAL: Tolerability of treatments

Pedersen et al. JAMA 2005;294:2437

Simvastatin Atorvastatin
20-40 mg 80 mg

(N = 4449) (N = 4439) P

Discontinuation 4.2% 9.6% <0.001

Myalgia 1.1% 2.2% <0.001

ALT/AST >3x ULN 0.14% 1.38% <0.001

Rhabdomyolysis n=3 n=2

CK > 10 x ULN 0 0
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TNT=Treating to New Targets. LaRosa JC et al. N Engl J Med. 2005;352:1425-1435.

TNT: Safety ProfileTNT: Safety Profile
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Treatment-related 
adverse events

Treatment-related 
myalgia

Elevated liver
enzymes

(n=406) (n=289) (n=241) (n=234)

P<0.001

P=0.72

(n=9)
(n=60)

P<0.001



Study of the Effectiveness of Additional 
Reductions in Cholesterol and Homocysteine with 
Simvastatin and Folic Acid/Vitamin B12 (SEARCH)

Collins,  AHA nov 2008



Collins,  AHA nov 2008





Lancet 2010, in press



Consequence:
-when LDL ≤ 4,0: simva 40
-when LDL > 4,0: atorva 80, rosuva 40
-when LDL > 5,6: target mostly not achieved

Wierema en Stehouwer,  Med Contact 2007

BMJ 2003;326:1423
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N Engl J Med  2007;356:1304-16



Torcetrapib in Healthy IndividualsTorcetrapib in Healthy Individuals
14 days treatment vs. placebo14 days treatment vs. placebo

*P<0.05, †P<0.01, ‡P<0.001 
Clark et al. ATVB 2004, 24:1–9
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ILLUMINATEILLUMINATE
(n= 15000 pts, high risk)(n= 15000 pts, high risk)

Torceptrapib 60 mg
+

Atorvastatin

December 4, 2006.

Atorvastatin (10Atorvastatin (10 --80 mg)80 mg)



ConclusionsConclusions

•• Solid relation between CVD & LDLSolid relation between CVD & LDL --cholesterolcholesterol
•• Aim for lower LDLAim for lower LDL --C values in high risk patients: C values in high risk patients: 

statins crucial (? + ezetimibe)statins crucial (? + ezetimibe)

•• 2006:2006:
–– Guidelines NCEPGuidelines NCEP : LDL: LDL --C < 2.6 (100 mg/dL) C < 2.6 (100 mg/dL) 

Option: 1.8 mmol/L (70mg/dL)Option: 1.8 mmol/L (70mg/dL)
•• 2007:2007:
-- Guidelines ESC/EAS:Guidelines ESC/EAS:
–– Total C  < 4.5 mmol/L  (175 mg/dL)Total C  < 4.5 mmol/L  (175 mg/dL)

•• Option < 4.0 mmol/L  (155 mg/dL)Option < 4.0 mmol/L  (155 mg/dL)
–– LDLLDL --C  <   2.5 mmol/L    (100 mg/dL)C  <   2.5 mmol/L    (100 mg/dL)

•• Option < 2.0 mmol/L    (80 mg/dL)Option < 2.0 mmol/L    (80 mg/dL)

UMC Nijmegen



SCIENCE, 10 OCT 2008 VOL 322 
www.sciencemag.org

The End





NBS (general pop. 50-70 yrs)
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Mean CIMT (mm)

0.4 0.8 1.2 1.6 2.0 2.4

Baseline cIMT in ASAP, ENHANCE and NBS*

ENHANCE

Baseline mean cIMT
(mm)

ASAP 0.92±0.20

NBS 0.84 ±0.12

ENHANCE 0.70±0.13

*Nijmegen Biomedical Study


