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מטבוליזםמטבוליזם•

סינדרומים קליניםסינדרומים קלינים•

מחקרים קליניםמחקרים קלינים•

טיפול תזונתי ותרופתיטיפול תזונתי ותרופתי•

הנחיות טיפוליותהנחיות טיפוליות•

יעקב הנקין
המערך הקרדיולוגי

בי“ח סורוקה
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Plasma LipoproteinsPlasma Lipoproteins

• Spherical particlesSpherical particles
• Non-polar core:Non-polar core:




♦ cholesterol estercholesterol ester
♦   triglyceridetriglyceride

• Polar outer coat:Polar outer coat:

P

♦ unesterified cholunesterified chol
♦ phospholipidsphospholipids
♦ proteins (apo)proteins (apo)

p



3

אפופרוטאיניםאפופרוטאינים
ApoproteinsApoproteins

• Stabilize lipoproteins (“Stabilize lipoproteins (“backbonebackbone”)”)

”

♦ AI AI ---- HDL---- HDL
♦ B48B48 ----- chylo ----- chylo
♦ B100B100 ----- VLDL, IDL, LDL ----- VLDL, IDL, LDL

• modulate modulate enzymaticenzymatic activity activity
♦ catalyze (catalyze ( CII CII ---- LPL,   ---- LPL,  A1A1 ---- LCAT) ---- LCAT)

 

♦ inhibit ( inhibit ( CIIICIII ---- LPL) ---- LPL)

 

• Facilitate lipoprotein entry into cells (Facilitate lipoprotein entry into cells (ligandsligands))

)

♦ B100B100 ---- LDL ---- LDL
♦ EE ---- chylo, VLDL & IDL,  HDL? ---- chylo, VLDL & IDL,  HDL?
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Lipoprotein classesLipoprotein classes

Trig
rich

Chol
rich

LDL

chylomicron

VLDL

HDL

B48

4

B100

1

B100

1

A

intrinsic

IDL
B100

1
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מסלולים מטבולייםמסלולים מטבוליים

HDL
pathway

liverliver

“good”

”

“bad”

”

chylo

Extrinsic
pathway

“ugly”

”

VLDL

Intrinsic
pathway IDL

LDL
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Classification of dyslipidemiasClassification of dyslipidemias

VLDLVLDL

LDLLDL

B100

1

IDLIDLB100

1

B100

1

Hypertriglyceridemia
Type IV   / V

Hypercholesterolemia
Type IIa

Mixed
Dyslipidemia

Type III
Type IIb

/CM

moderate severe
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Intrinsic PathwayIntrinsic Pathway

VLDLVLDL

LDLLDL

LPLLPL

HTGL
HTGL

cholchol

Bile acids

B100

1

IDLIDLB100

1

B100

1

liver

acetylCoAacetylCoA
HMGCoAReductase

intra
hep

ati
c



9

VLDL Metabolism 1VLDL Metabolism 1

V

liverliver

VLDLVLDL

IDLIDL

LPLLPL

apo C2  (+)apo C2  (+)

a

apo C3  (-)apo C3  (-)

a

apo Eapo E

trigtrig

HDL

B100

1

B100

1
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Elevated VLDLElevated VLDL
type IV dyslipidemiatype IV dyslipidemia

• Primary (genetic)Primary (genetic)

P

♦ Familial Hypertriglyceridemia   (FHTG)Familial Hypertriglyceridemia   (FHTG)

F

♦ Familial Combined Hyperlipidemia  (FCHL)Familial Combined Hyperlipidemia  (FCHL)

F

• Secondary (acquired)Secondary (acquired)

S

♦ ObesityObesity
♦ Diabetes mellitusDiabetes mellitus
♦ Insulin resistance syndromeInsulin resistance syndrome
♦ Chronic renal failureChronic renal failure
♦ high carbohydrate dietshigh carbohydrate diets
♦ EthanolEthanol
♦ Drugs:  estrogen, beta-blockers, retinoidsDrugs:  estrogen, beta-blockers, retinoids
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Familial HypertriglyceridemiaFamilial Hypertriglyceridemia
• Autosomal dominantAutosomal dominant
• elevated elevated TgTg levels only levels only
• increased CHD risk ??increased CHD risk ??

i

• Family: Family: ↑↑TGTG  In 50% of family membersIn 50% of family members

• Few, Few, large sized VLDLlarge sized VLDL particles particles
• overproduction of triglycerideoverproduction of triglyceride
• normal apo Bnormal apo B levels levels

B100

1

LDL
B100

1
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Familial Combined HyperlipidemiaFamilial Combined Hyperlipidemia
• Autosomal dominantAutosomal dominant
• usually manifests in adulthoodusually manifests in adulthood
• elevated elevated cholchol  and/orand/or  TgTg levels levels
• overproduction of apo Boverproduction of apo B
• FamilyFamily: : ↑↑TG TG oror  ↑↑chol chol oror both both

♦ In 50% of family membersIn 50% of family members

• Many, normal sized VLDL particlesMany, normal sized VLDL particles
• elevated apo Belevated apo B levels levels
• increased CHD riskincreased CHD risk

B100

1

B100

1

B100

1

B100

1

B100

1

LDL

VLDL
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Genetic
predisposition

The Metabolic  Syndrome

↑insulin

↑Tg
↓ HDL

Glucose
intolerance

↑ CRP

Prothrombotic
state

HTN

diabetesdiabetesCHDCHD
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IDL metabolismIDL metabolism

liverliver

HTGL
HTGL

trigtrig

30%30%

3

70%70%

7

EE

chol

Bile acids
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Apo E  PhenotypesApo E  Phenotypes

liverliver

E E 22

2

E E 33

3

E E 44

4

////
30%

3
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Apo E4 genotypeApo E4 genotype

liverliver

E E 44

4

50%

5

LDLLDL
B100

1

50%

5
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Type III dyslipidemiaType III dyslipidemia
DysbetalipoproteinemiaDysbetalipoproteinemia

Broad-beta diseaseBroad-beta disease
Remnant diseaseRemnant disease

EE22 /  / EE22

2

//// IDLIDL

LDLLDL

70%

7



19

• Xanthomas:Xanthomas:

X

♦ palmarpalmar
♦ tuberous  tuberous  (elbows, knees)(elbows, knees)

(

• Premature atherosclerosisPremature atherosclerosis
♦ coronary coronary (myocardial infarction, anginal syndromes)(myocardial infarction, anginal syndromes)

(

♦ cerebrovascular cerebrovascular (carotid artery disease, CVA)(carotid artery disease, CVA)

(

♦ peripheral vascular  peripheral vascular  (limb ischemia)(limb ischemia)

(

DysbetalipoproteinemiaDysbetalipoproteinemia
אפיונים קליניםאפיונים קלינים
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LDL MetabolismLDL Metabolism

liverliver

LDLLDL

B100

1

chol

Bile acids
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LDL metabolism within Hepatic CellsLDL metabolism within Hepatic Cells
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Hyper LDLemiaHyper LDLemia
מנגנוניםמנגנונים

liverliver

LDLLDL

B100

1

XX

Defective apo B100

D

XX
XX

XX
XX

XX
Defective

receptor activity

oxidationoxidation
FoamFoam
cellcell
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Familial Hypercholesterolemia Familial Hypercholesterolemia 
(FH)(FH)

(

• Decreased LDL-receptorDecreased LDL-receptor
• Autosomal dominantAutosomal dominant

• Elevated LDL chol (Elevated LDL chol (mg/dL)mg/dL)

m

• Premature CHDPremature CHD
• Tendon XanthomasTendon Xanthomas

♦ handshands
♦ elbowselbows
♦ kneesknees
♦ AchillesAchilles

heterozygousheterozygous homozygoushomozygous

•           5050%%

%

•       1:5001:500

1

•     250-400250-400

2

• age 35-55age 35-55

a

•             ++++

+

•     absentabsent

•         1: 1061: 106

1

•   700-1000700-1000

7

• ageage 15-20 15-20

 

•       ++++++++

+
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Tendon XanthomasTendon Xanthomas
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Polygenic (Polygenic (commoncommon) hypercholesterolemia) hypercholesterolemia

או סביבתייםאו סביבתיים//שילוב של מספר פגמים גנטים ושילוב של מספר פגמים גנטים ו•

בינוניתבינונית--חומרה קלהחומרה קלה•

לא בולט בגיל צעירלא בולט בגיל צעיר  •

אין קסנטומותאין קסנטומות•
או קסנטלסמותאו קסנטלסמות//לפעמים ארקוס בקרנית ולפעמים ארקוס בקרנית ו  ♦
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LDL ModificationsLDL Modifications

• LDL OxidationLDL Oxidation
♦ inadequate methods to measure tissue oxidationinadequate methods to measure tissue oxidation
♦ antioxidants ??antioxidants ??

a

• LDL size & densityLDL size & density
♦ type A: large, buoyanttype A: large, buoyant
♦ type B: small, densetype B: small, dense

♥ hyper TG, DM, Insulin resistancehyper TG, DM, Insulin resistance
♥ familial combined hyperlipidemiafamilial combined hyperlipidemia
♥ CHD patientsCHD patients

• Lp(a)Lp(a)

L

♦ atherogenicatherogenic
♦ thrombogenicthrombogenic

LDLLDL
-S=S-

-
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HDL Metabolism 1HDL Metabolism 1
Reverse cholesterol transportReverse cholesterol transport

liverliver

Apo A
PL

Nascent HDLNascent HDL

UnesterifiedUnesterified
cholesterolcholesterol

esterifiedesterified
cholesterolcholesterol

  HDL 3HDL 3

H

ABC  = ATP binding cassette
LCAT  = Lecithin:Cholesterol Acetyltransferase

Apo A
PL

ABC A1

A

LCATLCAT
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HDL Metabolism 2HDL Metabolism 2

H

liverliver

Nascent HDLNascent HDL
UnesterifiedUnesterified
cholesterolcholesterol

  HDL 3HDL 3

H

  HDL 2HDL 2

H
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HDL Metabolism 3HDL Metabolism 3

H

liverliver
  HDL 2HDL 2

H

CETPCETP

CETP  = CETP  = Cholesterol EsterCholesterol Ester
                        Transfer ProteinTransfer Protein

SR-B1

S

SR-B1SR-B1 = Scavenger receptor B1= Scavenger receptor B1

=
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Antiatherosclerotic mechanisms of HDLAntiatherosclerotic mechanisms of HDL

• Reverse Cholesterol TransportReverse Cholesterol Transport
♦ direct (SRAP)direct (SRAP)

d

♦ indirect (via LDL, VLDL)indirect (via LDL, VLDL)

i

• Prevents LDL OxidationPrevents LDL Oxidation
♦ paraoxinaseparaoxinase

• Prevents synthesis of prothrombotic prostaglandinsPrevents synthesis of prothrombotic prostaglandins
• Increases synthesis of antithrombotic prostaglandinsIncreases synthesis of antithrombotic prostaglandins

♦ prostacyclineprostacycline
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Causes of low HDL-CCauses of low HDL-C

• GeneticGenetic
• HypertriglyceridemiaHypertriglyceridemia
• ObesityObesity
• Diabetes mellitusDiabetes mellitus
• Insulin resistance syndromeInsulin resistance syndrome
• cigarette smokingcigarette smoking
• Diet: high CHO, high PUFADiet: high CHO, high PUFA
• DrugsDrugs

♦ Anabolic steroids   (testosterone, progestins)Anabolic steroids   (testosterone, progestins)

A

♦ beta adrenergic blockersbeta adrenergic blockers



33



34

Relationship between HDL Relationship between HDL 
and Triglyceride-rich lipoproteinsand Triglyceride-rich lipoproteins

HDLHDLTrigTrig
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הנחיות קליניותהנחיות קליניות
מניעה ראשוניתמניעה ראשונית

טיפול בגורמי הסיכוןטיפול בגורמי הסיכון•
האחריםהאחרים

טיפול תזונתיטיפול תזונתי•
global riskglobal risk- - חישוב החישוב ה•
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הנחיות קליניותהנחיות קליניות
מניעה שניוניתמניעה שניונית

טיפול בגורמי הסיכון האחריםטיפול בגורמי הסיכון האחרים•
טיפול תזונתיטיפול תזונתי•

תיכונית“תיכונית“--דיאטה ”יםדיאטה ”ים/ / דל שומן דל שומן ♦

“

גרם ליוםגרם ליום  311 : 3 : אומגה אומגה ♦
גרם ליוםגרם ליום  22: : פיטוסטרוליםפיטוסטרולים♦

טיפול תרופתיטיפול תרופתי•
LDLc LDLc >> 100 mg/dL 100 mg/dL  כאשרכאשר      ::תמידתמיד♦
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Risk categoryRisk category LDL cholesterol LDL cholesterol 
goalgoal

Initiate Initiate 
therapeutic therapeutic 

lifestyle lifestyle 
changeschanges

Consider drug Consider drug 
therapytherapy

High riskHigh risk::

:

CHDCHD
or CHD risk equivalents or CHD risk equivalents 
(10-year risk >20%)(10-year risk >20%)

(

<100 mg/dL<100 mg/dL

  optional goal optional goal 
of <70 mg/dLof <70 mg/dL

>>100 mg/dL100 mg/dL >>100 mg/dL100 mg/dL

consider drug consider drug 
options if LDL-C options if LDL-C 
<100 mg/dL<100 mg/dL

Moderately high risk:Moderately high risk:  
two + risk factorstwo + risk factors

(10-year risk 10%-20%)(10-year risk 10%-20%)

(

<130 mg/dL<130 mg/dL

optional goal optional goal 
<100 mg/dL<100 mg/dL

>>130 mg/dL130 mg/dL >>130 mg/dL130 mg/dL

consider drug consider drug 
options if LDL-C options if LDL-C 
100-129 mg/dL100-129 mg/dL

Low risk:Low risk:    <<1 risk factor1 risk factor <160 mg/dL<160 mg/dL >>160 mg/dL160 mg/dL >>190 mg/dL190 mg/dL  
(consider drug (consider drug 
options if LDL-C options if LDL-C 
160-189 mg/dL160-189 mg/dL))

)
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• In In high-risk personshigh-risk persons
♦ recommended LDL-C goal is <100 mg/dLrecommended LDL-C goal is <100 mg/dL

• when risk is very highwhen risk is very high
♦   an LDL-C goal of <70 mg/dL is a therapeutic optionan LDL-C goal of <70 mg/dL is a therapeutic option

•   This therapeutic option This therapeutic option extends also to extends also to 
patients at very high risk who have apatients at very high risk who have a  baseline baseline 
LDL-C <100 mg/dLLDL-C <100 mg/dL
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מיקום הפעולה של התרופותמיקום הפעולה של התרופות

VLDLVLDL

IDLIDL

LDLLDL

fibrates
 niacin

statins
resins

ezetimibe ↓

↓

cholchol

acetylCoAacetylCoA
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Statins

Acetoacetyl CoA + Acetyl CoAAcetoacetyl CoA + Acetyl CoA

3-3-Hydroxy-3-methylgluteryl CoAHydroxy-3-methylgluteryl CoA

((HMG CoAHMG CoA))

)

Mevalonic acidMevalonic acid

CholesterolCholesterolUbiquinonesUbiquinones

HMGCoAHMGCoA
ReductaseReductase
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THREE-STEP

TITRATION

10

1

20

2

30

3

40

4

50

5

60

6

% Reduction in LDL Cholesterol
0

0

-6%

-

-6%

-

Statin 10 mg 20 
mg

40 
mg

80 
mg

-6%

-

Effect of Statin Therapy on LDL-C Levels: “The Rule of 6”

E

?Why are patients not reaching Goals?Why are patients not reaching Goals

?



44

        Statin failureStatin failure
• No responseNo response

0

0

10-

1

40-

4

% 4

%

% 10

%

% 10

%

 Poor response 
 Lose response over time
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LiverLiver

Endogenous and Exogenous Sources of CholesterolEndogenous and Exogenous Sources of Cholesterol

Fecal bile 
acids 
and neutral 
sterols

Exogenous

Extrahepatic
tissues

Endogenous

DietaryDietary
cholesterolcholesterol

(~300–700 mg/day)(~300–700 mg/day)

(

Intestine

BiliaryBiliary
cholesterolcholesterol
(~1000 mg/day)(~1000 mg/day)

(

~700 mg/day

Synthesis
(~800 mg/day)

(
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Steps Involved in Cholesterol AbsorptionSteps Involved in Cholesterol Absorption

1000 mg
 up to 700mg
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Niemann-Pick C1L1  Niemann-Pick C1L1  
((NPC1L1((NPC1L1

SSD

OUT

IN
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LDLLDL

VLDLVLDLacetylCoA

HMGCoAReductase

cholab
so

rp
tio

n
synthesis blood

Sources of intra-hepatic cholesterolSources of intra-hepatic cholesterol
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LDLLDL

acetylCoA

statins

absorption synthesis blood

chol

Block synthesis onlyBlock synthesis only
statinsstatins
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LDLLDL

acetylCoA

absorption synthesis blood

chol

Block absorption onlyBlock absorption only
ezetimibeezetimibe
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LDLLDL

acetylCoA

absorption synthesis blood

chol

Block absorption & synthesis Block absorption & synthesis 
ezetimibe + statinezetimibe + statin
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Bile-acid-binding resinsBile-acid-binding resins
mechanism of actionmechanism of action

LDLLDL

chol

Bile acids

B100

1

95%

9

stoolsstools

5%5%

5

liver
cholestyramine (Questran)

)

colestipol (Colestid)

)
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Triglyceride-loweringTriglyceride-lowering

• FibratesFibrates
♦ Bezafibrate  (Bezalip, Norlip)Bezafibrate  (Bezalip, Norlip)

B

♦ Cyprofibrate  (Lipanor)Cyprofibrate  (Lipanor)

C

• NiacinNiacin
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Peroxisome Proliferator Activator ReceptorsPeroxisome Proliferator Activator Receptors

((PPAR((PPAR

(

Fibrates
↓ triglyceride

↑ HDL

Thiazolidinedione

↓ Insulin resistance

α γ
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HDL elevationHDL elevation

• NiacinNiacin
• FibratesFibrates
• CETP inhibitorsCETP inhibitors
• Apo A mimeticsApo A mimetics

♦ Apo A MilanoApo A Milano
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תוספי מזוןתוספי מזון

• AntioxidantsAntioxidants
♦Vitamins E / C / ß caroteneVitamins E / C / ß carotene

• Homocysteine reductionHomocysteine reduction
♦Folic acid  /  vitamin B12  / B6Folic acid  /  vitamin B12  / B6

F

• Omega 3Omega 3

O

• PhytosterolsPhytosterols
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Omega 3Omega 3

O

• AHA Scientific Statement.

A

• Fish Consumption, Fish Oil, Omega-3 
Fatty Acids, and Cardiovascular 
Disease.

D

• Circulation. 2002;106:2747.

C
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Potential Mechanisms by Which Omega-3 Fatty Potential Mechanisms by Which Omega-3 Fatty 
Acids May Reduce Risk for Cardiovascular DiseaseAcids May Reduce Risk for Cardiovascular Disease

•
↓↓  susceptibility to ventricular arrhythmiasusceptibility to ventricular arrhythmia

• AntithrombogenicAntithrombogenic
• ↓↓  triglycerides (fasting and postprandial)triglycerides (fasting and postprandial)

t

• Retard growth of atherosclerotic plaque    Retard growth of atherosclerotic plaque    
• ↓↓  adhesion molecule expression    adhesion molecule expression    
• ↓↓  platelet-derived growth factor    platelet-derived growth factor    
• AntiinflammatoryAntiinflammatory
• ↑↑  nitric oxide-induced endothelial relaxationnitric oxide-induced endothelial relaxation
• Mildly hypotensiveMildly hypotensive
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Omega 3Omega 3
AHA recommendationsAHA recommendations

                                PopulationPopulation  RecommendationRecommendation::

:

• Patients without Patients without Eat Eat a variety of (preferably oily) fisha variety of (preferably oily) fish at least  at least   
documented CHD documented CHD twicetwice a week. Include oils and foods rich in  a week. Include oils and foods rich in 

linolenic acid (flaxseed, canola, and soybean linolenic acid (flaxseed, canola, and soybean 
              oils; flaxseed and walnuts)              oils; flaxseed and walnuts)

 

• Patients Patients withwith  Consume  Consume  1 g of EPA+DHA1 g of EPA+DHA per day, preferably  per day, preferably 
documented CHDdocumented CHD  from from oily fishoily fish. EPA+DHA . EPA+DHA supplementssupplements could  could 

be considered in consultation with the be considered in consultation with the 
physician.physician.

p

• Patients needing Patients needing 2-4 grams of EPA+DHA2-4 grams of EPA+DHA per day per day
Tg loweringTg lowering     provided as capsules under a physician’s careprovided as capsules under a physician’s care
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Side Effects

GI UpsetGI Upset
Clinical Clinical 

BleedingBleeding
Fishy Fishy 

AftertasteAftertaste
Worsening Worsening 
Glycemia*Glycemia*

Rise in Rise in 
LDL-CLDL-C ŧ

> 1 g/d Very low Very low Low Very low Very low

1 to 3 g/d Moderate Very low Moderate Low Moderate

>3 g/d Moderate Low Likely Moderate Likely

*Usually only in patients with impaired glucose tolerance and diabetes.

.

  ŧ usually only in patients with hypertriglyceridemia.

.
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PhytosterolsPhytosterols
sterols  /  stanolssterols  /  stanols

• PlantPlant  cholecholesterolssterols
• Not absorbed from intestineNot absorbed from intestine
∀↓↓  LDLc LDLc 10-1510-15%%

%

• Added to margarine, milk products, Added to margarine, milk products, 
oily spreadsoily spreads

• Mechanism:Mechanism:

M

♦ Probably competitive inhibition of cholesterol Probably competitive inhibition of cholesterol 
absorptionabsorption
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הנחיות קליניותהנחיות קליניות
מניעה שניוניתמניעה שניונית

טיפול בגורמי הסיכון האחריםטיפול בגורמי הסיכון האחרים•
טיפול תזונתיטיפול תזונתי•

תיכונית“תיכונית“--דיאטה ”יםדיאטה ”ים/ / דל שומן דל שומן ♦

“

גרם ליוםגרם ליום3 : 1 3 : 1 אומגה אומגה ♦
גרם ליוםגרם ליום2 2 פיטוסטרולים פיטוסטרולים ♦

טיפול תרופתיטיפול תרופתי•
LDLc LDLc >> 130 mg/dL 130 mg/dL  כאשרכאשר      ::תמידתמיד♦
::בחולים בסיכון גבוה במיוחד בחולים בסיכון גבוה במיוחד ♦

LDLLDLבכל רמת בכל רמת   ♥
♥    HDLc < 40 mg/dLHDLc < 40 mg/dL
♥    Trig > 200 mg/dLTrig > 200 mg/dL
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Target endpointsTarget endpoints

• LDLc < 100 mg/dLLDLc < 100 mg/dL
• HDLc > 40 mg/dLHDLc > 40 mg/dL
• Triglycerides < 200 mg/dLTriglycerides < 200 mg/dL

• LDLc < 70 mg/dLLDLc < 70 mg/dL
• At least 30-40% reductionAt least 30-40% reduction

:בחולים בסיכון גבוה במיוחד

:
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לקריאה בלבד – לא בהרצאהלקריאה בלבד – לא בהרצאה
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Statin MegatrialsStatin Megatrials
• Primary PreventionPrimary Prevention

♦ WOSCOPWOSCOP pravaprava
♦ ACAPS/FCAPSACAPS/FCAPS lovalova

• Secondary PreventionSecondary Prevention
♦ 4S4S simvasimva
♦ CareCare pravaprava
♦ LipidLipid pravaprava
♦ TNTTNT atorvaatorva
♦ AVERTAVERT atorva vs PCIatorva vs PCI
♦ IDEALIDEAL atorva vs simvaatorva vs simva

• MixedMixed
♦ HPSHPS simvasimva

• Acute coronary syndromeAcute coronary syndrome
♦ MIRACLEMIRACLE atorvaatorva
♦ PROVE-ITPROVE-IT atorva vs Pravaatorva vs Prava
♦ A to ZA to Z simva (low vs high dose)simva (low vs high dose)

s

• IVUSIVUS
♦ REVERSALREVERSAL  atorva vs prava atorva vs prava

• HypertensivesHypertensives
♦ ALLHATALLHAT pravaprava
♦ ASCOTASCOT atorvaatorva

• DiabeticsDiabetics
♦ CARDSCARDS atorvaatorva
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4S20 prev - high LDL

20 prev - average LDL

10 prev - high LDL

10 prev
average LDL AFCAPS/TEXCAPS

WOSCOPS

CARE/LIPID

Older studiesOlder studies
simvastatin

pravastatin

pravastatin

lovastatin
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(Heart Protection Study (HPS(Heart Protection Study (HPS

(

• Largest ever cholesterol-lowering studyLargest ever cholesterol-lowering study
• Funded by the British Medical Council & BHFFunded by the British Medical Council & BHF
• 20,000 M&F, age 40-8020,000 M&F, age 40-80

2

• High CHD risk – declined statins by physicianHigh CHD risk – declined statins by physician
♦ Below average cholesterolBelow average cholesterol
♦ WomenWomen
♦ Age > 70Age > 70

A

♦ Non-coronary arterial diseaseNon-coronary arterial disease

• Simvastatin 40 mg vs placeboSimvastatin 40 mg vs placebo
• 5.5 years5.5 years
• 2 by 2 design (also randomized to antioxidants)2 by 2 design (also randomized to antioxidants)

2
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HPS - resultsHPS - results

• All cause mortalityAll cause mortality    12.9   12.9      14.6     14.6   12%  12%

 

• CVD deathCVD death     7.7    7.7       9.2      9.2    17%   17%

 

• Major CVD eventsMajor CVD events    19.9   19.9      25.4     25.4    22%   22%

 

• Non-CVD mortalityNon-CVD mortality      5.2     5.2       5.5      5.5

 

• StrokeStroke      4.4     4.4       6.0      6.0    27%   27%

 

• CPK X10CPK X10     0.1    0.1      0.05     0.05

 

• ALT X3ALT X3     0.8    0.8      0.6     0.6

 

Simvastatin   Placebo relative
         reduction
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Statins Statins vsvs Revascularization Revascularization

Atorvastatin
Lipitor

PCI
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AVERT studyAVERT study
  AtorvastatinAtorvastatin vs  vs RevascularizationRevascularization

• 18 month, multicenter18 month, multicenter
• Open label, randomizedOpen label, randomized
• Stable CAD ---   referred for PCIStable CAD ---   referred for PCI
ExclusionsExclusions::

:

• 3 vessel CAD, LM disease3 vessel CAD, LM disease
• Unstable anginaUnstable angina
•   MI within previous 2 weeksMI within previous 2 weeks
•   EF < 40%EF < 40%

E
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Worsening angina
with objective evidence of ischemia
requiring hospitalization

36%

3

No difference in
Death
Myocardial infarction

atorva

http://content.nejm.org/content/vol341/issue2/images/large/02f2.jpeg
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Statin therapy inStatin therapy in  
acute coronary syndromesacute coronary syndromes

• Increases patient & physician Increases patient & physician compliancecompliance
• Reduces Reduces early morbidity & mortalityearly morbidity & mortality????

?

• Observational studies:Observational studies:

O

♦ Patients discharged with statins had

 ~ 50% less mortality over 6-12 months followup
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MIRACLEMIRACLE  StudyStudy

MIRACLMIRACL

The Myocardial Ischemia The Myocardial Ischemia 
Reduction with Aggressive Reduction with Aggressive 
Cholesterol Lowering studyCholesterol Lowering study
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MIRACL study designMIRACL study design
Prospective, randomised, multicentre, double-blindProspective, randomised, multicentre, double-blind

3,0863,086  patientspatients

80 80 mg atorvastatin,mg atorvastatin,

m

commenced withincommenced within 24–96 24–96

 

Follow up for Follow up for 16 weeks16 weeks

Inclusion criteriaInclusion criteria
UAUA or  or non-Q-wave MInon-Q-wave MI  
in previous 1–4 daysin previous 1–4 days

PlaceboPlacebo, , commenced withincommenced within  
24–96 h24–96 h  of eventof event
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00

0

44

4

88

8

1212

1

1616

1

1515

1

1010

1

55

5

00

0

Cumulative incidence (%)Cumulative incidence (%)

C

Time since randomisation (weeks)Time since randomisation (weeks)

T

AtorvastatinAtorvastatin

PlaceboPlacebo 17.4%17.4%

1

14.8%14.8%

1

Risk reduction = Risk reduction = 1616%%

%

pp=0.048=0.048

=

Time to first occurrence of Time to first occurrence of 
composite endpoint ofcomposite endpoint of

Primary efficacy measurePrimary efficacy measure

95% 95% CI = 0.701–0.999CI = 0.701–0.999
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Statins in HypertensivesStatins in Hypertensives
ALLHATALLHAT

• 33 357 pts age 50+33 357 pts age 50+

3

• HTN + 1 risk factorHTN + 1 risk factor

• Randomized to chlorthalidone vs lisinoprilRandomized to chlorthalidone vs lisinopril  vs amlodipinvs amlodipin
• lipid-lowering arm:lipid-lowering arm:

l

♦ 10355 pts with LDL-C 120 - 189 mg/dL10355 pts with LDL-C 120 - 189 mg/dL
♦ Pravastatin 40mg vs usual carePravastatin 40mg vs usual care
♦ No difference in outcome: total or CV mortalityNo difference in outcome: total or CV mortality

ASCOTASCOT
• 19342 pts age 40-7919342 pts age 40-79

1

• HTN + 3 risk factorsHTN + 3 risk factors
• Randomized to beta-blocker  vs amlodipinRandomized to beta-blocker  vs amlodipin
• lipid-lowering arm:lipid-lowering arm:

l

♦ 10305 pts with total cholesterol < 260 mg/dL10305 pts with total cholesterol < 260 mg/dL
♦ Atorvastatin 10mg vs placeboAtorvastatin 10mg vs placebo
♦ Stopped pre-maturely after 3.3 yearsStopped pre-maturely after 3.3 years
♦ ↓↓  36% events, 36% events, ↓↓ 29% total mortality 29% total mortality p < 0.0005p < 0.0005

p
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• Heart Protection StudyHeart Protection Study
• CARDSCARDS

♦ Collaborative Atorvastatin Diabetes StudyCollaborative Atorvastatin Diabetes Study  

Statins in DiabeticsStatins in Diabetics
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Atorvastatin 
10mg

Placebo

2838

2

patients

CARDS DesignCARDS Design

Placebo
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*CARDS Patient Baseline Lipids*CARDS Patient Baseline Lipids

*

5252

5

5353

5

HDL-cholesterol HDL-cholesterol 

119 119 (100-138)(100-138)

(

118 118 (100-137)(100-137)

(

LDL-cholesterolLDL-cholesterol

207207

2

207207

2

Total cholesterol Total cholesterol 

AtorvastatinAtorvastatin
Median (IQR)Median (IQR)

M

PlaceboPlacebo
Median (IQR)Median (IQR)

M
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Cumulative Hazard for Primary EndpointCumulative Hazard for Primary Endpoint

Relative Risk Reduction 37%  (95% CI: 17-52)

R
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Cumulative Hazard for Cumulative Hazard for 
All Cause MortalityAll Cause Mortality

Relative Risk Reduction 27% (95%CI: -1-48) 
p=0.059

p
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PROVE-ITPROVE-IT

PROVE-IT    TIMI 22PROVE-IT    TIMI 22

P
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HypothesisHypothesis

40 mg Lipidal40 mg Lipidal

is not inferior tois not inferior to

80 mg Lipitor80 mg Lipitor

anti-inflammatory

Potent LDL ↓
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DesignDesign
• 41624162 pts  with  pts  with Acute Coronary SyndromeAcute Coronary Syndrome

• within 10 dayswithin 10 days
                          Lipidal 40 mgLipidal 40 mg   vs     vs  Lipitor 80 mgLipitor 80 mg

• baseline LDLcbaseline LDLc                106 106 mg/dlmg/dl

                            9595       62      62

 

• baseline CRPbaseline CRP      12.3 mg/l     12.3 mg/l

                                        2.12.1       1.3      1.3
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16%16%

1
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Early Intensive vs a Delayed Conservative Early Intensive vs a Delayed Conservative 
Simvastatin Strategy in Patients With Simvastatin Strategy in Patients With 

Acute Coronary SyndromesAcute Coronary Syndromes

  Phase Z of the A to Z TrialPhase Z of the A to Z Trial

de Lemos JA, Blazing MA, Wiviott SD, Lewis EF, Fox KA,

d

White HD, Rouleau JL, Pedersen TR, Gardner LH,

W

Mukherjee R, Ramsey KE, Palmisano J, Bilheimer DW,

M

Pfeffer MA, Califf RM, Braunwald E;

JAMA. 2004 Sep 15;292(11):1307-16

J
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RandomizationRandomization

• early intensive statin treatment strategyearly intensive statin treatment strategy
♦ 40 mg/d40 mg/d  ofof simvastatin  simvastatin forfor  30 days30 days
♦ thenthen  80 mg/d80 mg/d  ofof simvastatin  simvastatin thereafterthereafter

• a less aggressive strategya less aggressive strategy
♦ placeboplacebo  forfor  4 months4 months
♦ thenthen  20 mg/d20 mg/d  ofof simvastatin  simvastatin thereafterthereafter
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  ReversReversing Atherosclerosis with ing Atherosclerosis with 

AAggressive ggressive LL  ipid Lowering  ipid Lowering

REVERSAL Trial
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IVUSIVUS

18 months

 Patients with CHD

657

6

Atorvastatin 80 mg

IVUSIVUS

Primary endpoint:

P

 Change in coronary plaque volume 
by IVUS

Pravastatin 40 mg

IVUSIVUS IVUSIVUS
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Patient Population
 CHD
 LDL-C: 130-250 mg/dL
 Triglycerides ≤ 600 mg/dL

Primary Efficacy Outcome Measure
 Time to occurrence of a major CV event

– CHD death
– Nonfatal, non–procedure-related MI
– Resuscitated cardiac arrest
– Fatal or nonfatal stroke

Atorvastatin 10 mg

Open-label run-in

n=15,464

n

8 weeks8 weeks1-8 weeks1-8 weeks

Screening 
and washout

n=18,469

n

Atorvastatin 10 mg
LDL-C target: 100 mg/dL

Median follow-up = 4.9 yearsMedian follow-up = 4.9 years

Atorvastatin 80 mgAtorvastatin 80 mg
LDL-C target: 75 mg/dLLDL-C target: 75 mg/dL

Double-blind period

n=10,001

1

n=4995n=4995

n

n=5006n=5006

n

BaselineBaseline

TNT: Study DesignTNT: Study Design

Adapted from LaRosa et al. N Engl J Med. 2005;352:1425-1435.
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*TNT: Major CV Events*TNT: Major CV Events

*

*CHD death, nonfatal non–procedure-related MI, resuscitated cardiac arrest, fatal or nonfatal stroke.

p

LaRosa et al. LaRosa et al. N Engl J Med.N Engl J Med. 2005;352:1425-1435. 2005;352:1425-1435.
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IDEALIDEAL

4.8-year follow-up4.8-year follow-up

8888 
patients

Patient populationPatient population
• 190 sites190 sites throughout  throughout 

ScandinaviaScandinavia and the  and the 
NetherlandsNetherlands

• Diagnosed with CHDDiagnosed with CHD
• Previous hospitalization Previous hospitalization 

with MI,with MI,

Open-label period with blinded Open-label period with blinded 
end point evaluationsend point evaluations

Atorvastatin 80 mg/dayAtorvastatin 80 mg/day

Simvastatin 20 mg/daySimvastatin 20 mg/day

Pedersen et al. Pedersen et al. Am J CardiolAm J Cardiol. 2004;94:720-721; . 2004;94:720-721; Pedersen et al. Pedersen et al. JAMA.JAMA. 2005;294:2437-2445. 2005;294:2437-2445.

 

SecondarySecondary
• Cardiovascular/coronary eventsCardiovascular/coronary events
• Cerebrovascular eventsCerebrovascular events
• PADPAD
• Hospitalization with primary Hospitalization with primary 

diagnosis of CHFdiagnosis of CHF
• All-cause mortalityAll-cause mortality

PrimaryPrimary
• Time to occurrence of a major Time to occurrence of a major 

coronary eventcoronary event
− CHD deathCHD death
− Nonfatal MINonfatal MI
− Resuscitated cardiac arrestResuscitated cardiac arrest
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Mean LDL-C = 104 mg/dL

IDEAL: Effect of Treatment On IDEAL: Effect of Treatment On 
LDL-CLDL-C

Pedersen et al. Pedersen et al. JAMAJAMA. 2005;294:2437-2445.. 2005;294:2437-2445.

.
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IDEAL: Composite End PointsIDEAL: Composite End Points

Reproduced from Pedersen et al.  JAMA.  2005;294:2437-2445.
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מחקרים קלינים בהיפרטריגליצרידמיהמחקרים קלינים בהיפרטריגליצרידמיה

מניעה ראשוניתמניעה ראשונית  •
♦Helsinky heart StudyHelsinky heart Study

מניעה שניוניתמניעה שניונית  •
♦Coronary Drug Project (CDP):  niacinCoronary Drug Project (CDP):  niacin
♦Stockholm Heart Study: niacin + colestipolStockholm Heart Study: niacin + colestipol
♦Bezafibrate Intervention Ptudy (BIP)Bezafibrate Intervention Ptudy (BIP)

B

♦Hypertriglyceridemia Intervention Study (HIT)Hypertriglyceridemia Intervention Study (HIT)

H

מחקרים אנגיוגרפיםמחקרים אנגיוגרפים  •
♦BECAITBECAIT
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BIP StudyBIP Study

• MulticenterMulticenter
• RandomizedRandomized
• Double-blindDouble-blind
•   Placebo-controlledPlacebo-controlled
• Bezafibrate SR 400 mgBezafibrate SR 400 mg
• 1992-19981992-1998

1

• Men & womenMen & women
• Age 45-74Age 45-74

A

• Post MIPost MI
• Stable angina, (+) imagingStable angina, (+) imaging
• LDL-C  < LDL-C  < 180/160180/160 mg/dL mg/dL
• HDL-C <  HDL-C <  4545 mg/dL mg/dL
• Trig < Trig < 300300 mg/dL mg/dL
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