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The Framingham Study: 
Relationship Between Cholesterol and CHD Risk

Castelli WP. Am J Med 1984;76:4–12Castelli WP. Am J Med 1984;76:4–12
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Why lower ?



Post CABG Trial: Aggressive Lipid Lowering Had More
Favorable Outcomes Than Moderate Lipid Lowering

The Post CABG Trial Investigators. N Engl J Med. 1997;336:153-163.

*P≤.001 vs moderate therapy group

*

* *

After 1 year, mean LDL-C level was 93 mg/dL (2.4 mmol/L) 
in the aggressive group and 136 mg/dL (3.5 mmol/L) in 
the moderate group
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Mean FU: 4.3 years



4S: Lower Cardiac Event Rates With Lower On-
Treatment LDL-C

Pedersen T. Eur Heart J. 1998;19(suppl M):M15-M21.
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LDL-C
↓ 39%

LDL-C
↓ 35%

LDL-C
↓ 37%

LDL-C <116 mg/dL LDL-C 116-135 mg/dL LDL-C >135 mg/dL 
(<3.0 mmol/L) (3.0-3.5 mmol/L) (>3.5 mmol/L)

21% 26% 19%
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HPS: Decrease in Major Vascular Events
Regardless of Baseline Cholesterol

HPS Collaborative Group. Lancet. 2002;360:7-22.



Prove the lower is the better
:Atorvastatin landmark studies
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Intensive Lipid lowering : Consistent Clinical 
Benefits at On-Treatment LDL-C <100 with Atorvastatin

.048.0481616**135 (3.5) placebo135 (3.5) placebo72 (1.9)72 (1.9)ACSACSMIRACLMIRACL

22ºº preventionprevention

11ºº preventionprevention
.048.0483636§§119 (3.1) angioplasty119 (3.1) angioplasty77 (2.0)77 (2.0)CHDCHDAVERTAVERT

DiabetesDiabetes
HypertensionHypertension

CHDCHD

ACSACS

Patient Patient 
populationpopulation

3737††

3636‡‡

1717††

16*16*

11ºº end point end point 
reduction (%)reduction (%)

.001.001

.0005.0005

.02.02

.005.005

PP--valuevalue

ComparatorComparatorAtorvastatinAtorvastatin

119 (3.1) placebo119 (3.1) placebo68 (1.8)68 (1.8)CARDSCARDS
133 (3.5) placebo133 (3.5) placebo87 (2.3)87 (2.3)ASCOTASCOT

110110 (2.8) usual care(2.8) usual care95 (2.5)95 (2.5)ALLIANCEALLIANCE

95 (2.5) pravastatin95 (2.5) pravastatin62 (1.6)62 (1.6)PROVEPROVE--ITIT

FollowFollow--up LDLup LDL--C, mg/dL (mmol/L)C, mg/dL (mmol/L)StudyStudy

LDL-C values for PROVE-IT are medians; all other LDL-C values are means

* All-cause mortality + major CV event; † Major CV event; ‡ Nonfatal MI + fatal CHD; § Ischemic event

PROVEPROVE--ITIT: : Cannon CP, et al. N Engl J Med. 2004;350:1495-1504; MIRACL: Schwartz GG, et al. JAMA. 2001;285:1711-1718; 
ALLIANCE: Koren MJ, et al. J Am Coll Cardiol. 2004;44:1772-1779; AVERT: Pitt B, et al. N Engl J Med. 1999;341:70-76; ASCOT: Sever 
PS, et al. Lancet. 2003;361:1149-1158; CARDS: Colhoun HM, et al. Lancet. 2004;364:685-696.



Treatment With Atorvastatin 80 mg/dL Reduces 
Recurrent Ischemia Events in First 16 Weeks 

MIRACL: Myocardial Ischemia Reduction With 
Aggressive Cholesterol Lowering

Time Since Randomization, Week
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Relative risk = 0.84
P=.048
95% CI 0.701-0.999

17.4%
14.8%

Schwartz GG, et al. JAMA 2001;285:1711-1718.

Reduction of risk: 16%



4162 patients with an acute coronary syndrome (ACS) <10 days 4162 patients with an acute coronary syndrome (ACS) <10 days 

Primary end point: Composite of death, MI, documented unstable aPrimary end point: Composite of death, MI, documented unstable angina requiring hospitalization, ngina requiring hospitalization, 
revascularization (>30 days after randomization), or stroke revascularization (>30 days after randomization), or stroke 

PROVE-IT: Intensive Therapy Vs Standard Lipid-
Lowering Therapy

Cannon CP, et al. Am J Cardiol. 2002;89:860-861.
Cannon CP, et al. N Engl J Med. 2004;350:1495-1504.

Study DesignStudy Design

ASA + Standard medical therapyASA + Standard medical therapy

“Standard therapy”
Pravastatin 40 mg

“Intensive therapy”
Atorvastatin 80 mg

Duration: Mean 2Duration: Mean 2--year followyear follow--up (>925 events)up (>925 events)

2 2 ×× 2 Factorial: Gatifloxacin 2 Factorial: Gatifloxacin vsvs placeboplacebo

DoubleDouble--blindblind

ASA = acetylsalicylic acid.



M
ed

ia
n 

LD
L-

C
 (m

g/
dL

)

20

40

60

80

100

120

Rand 30 days 4 months 8 months 16 months Final

Pravastatin 40 mgPravastatin 40 mg
(Median LDL(Median LDL--C C 95 mg/dL95 mg/dL [2.5 mmol/L])[2.5 mmol/L])

Atorvastatin 80 mgAtorvastatin 80 mg
(Median LDL(Median LDL--C C 62 mg/dL62 mg/dL [1.6 mmol/L])[1.6 mmol/L])49% ↓

21% ↓

P<.001

3.0

1.0

1.5

2.0

2.5

M
edian LD

L-C
 (m

m
ol/L)

Note: Median changes in LDL-C may differ from prior trials:  
− 25% of patients on statins prior to acute coronary syndrome event
− Acute coronary syndrome response lowers LDL-C from true baseline

PROVE-IT: Changes From Baseline LDL-C

Cannon CP, et al. N Engl J Med. 2004;350:1495-1504.

106 mg/dL



PROVE IT: A Major Cardiovascular
Event Or Death From Any Cause

Primary End Point

Adapted from Cannon et al.  N Engl J Med.  2004;350:1495, with permission.
Ray and Cannon.  Am J Cardiol.  2005;96(suppl):54F.  
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4-year follow-up

OpenOpen--label periodlabel period

ALLIANCE: Aggressive Lipid Lowering Vs Usual Care

Atorvastatin 10Atorvastatin 10 to 80 mg/day80 mg/day

Ongoing usual care*Ongoing usual care*

Randomized, Randomized, 
no washno wash--outout

Primary end point:Primary end point:
Time to occurrence of composite end point:Time to occurrence of composite end point:

–– cardiac deathcardiac death
–– nonfatal MInonfatal MI
–– resuscitated cardiac arrestresuscitated cardiac arrest
–– cardiac revascularizationcardiac revascularization
–– unstable angina requiring hospitalizationunstable angina requiring hospitalization

Study DesignStudy Design

*Usual care is the lipid treatment program 
prescribed by the patient’s primary 
physician and could include diet, behavior 
modification, and antihyperlipidemic 
medication (including atorvastatin after 
1997)

Koren MJ, et al. J Am Coll Cardiol. 2004;44:1772-1779.

2442 patients enrolled in 16 MCOs or VAs in 2442 patients enrolled in 16 MCOs or VAs in 
the USthe US
History of CHDHistory of CHD
LDLLDL--C: C: 

–– 130130 to 250 mg/dL (3.4250 mg/dL (3.4 to 6.5 mmol/L) not 6.5 mmol/L) not 
on lipidon lipid--lowering therapylowering therapy

–– 110110 to 200 mg/dL (2.8200 mg/dL (2.8 to 5.2 mmol/L) 5.2 mmol/L) 
receiving lipidreceiving lipid--lowering therapylowering therapy

MCOs = managed health care organization; 
VA = Veterans Administration.



ALLIANCE: Time to Primary Cardiovascular Outcome
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Koren MJ, et al. J Am Coll Cardiol. 2004;44:1772-1779.

Relative risk 
reduction 

= 17%



ASCOT: Primary Prevention in Patients at Modest Risk of CHD

Study DesignStudy Design

Sever PS, et al. J Hypertens. 2001;19:1139-1147. 
Sever PS, et al. Lancet. 2003;361:1149-1158.

ββ--blocker blocker ±± diureticdiuretic CCB CCB ±± ACE inhibitorACE inhibitor

TC >250 mg/dLTC >250 mg/dL
((>>6.5 mmol/L)6.5 mmol/L)

10,305 TC ≤250 mg/dL
(≤6.5 mmol/L)

TC >250 mg/dLTC >250 mg/dL
((>>6.5 mmol/L)6.5 mmol/L)

Open lipid loweringOpen lipid lowering 5168 
Atorvastatin 5137 Placebo Open lipid loweringOpen lipid lowering

19,342 patients19,342 patients

RandomizedRandomized

RandomizedRandomized

Highlighted boxes indicate patients enrolled in lipid-lowering arm

Primary end point: Composite of fatal CHD and nonfatal MI Primary end point: Composite of fatal CHD and nonfatal MI 

CCB = calcium channel blockers; 
ACE = angiotensin converting enzyme.
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Sever PS, et al. Lancet. 2003;361:1149-1158.



ASCOT: Incidence of Nonfatal MI and Fatal CHD

Sever PS, et al. Lancet. 2003;361:1149-1158.

Relative risk 
reduction 

= 36%

HR = 0.64 (0.50-0.83)
P=.0005

Atorvastatin 10 mg (100 events)
Placebo (154 events)
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REVERSAL and ARBITER: Vascular Benefits With 
Atorvastatin at On-Treatment LDL-C <100 mg/dL

Change in mean carotid Change in mean carotid 
IMTIMT

--0.034 mm vs 0.025 mm0.034 mm vs 0.025 mm

Percent change in TAVPercent change in TAV
--0.4% vs 2.7%0.4% vs 2.7%

.02.02110 (2.8) 110 (2.8) 
pravastatinpravastatin

79 (2.0)79 (2.0)REVERSALREVERSAL

.03.031110 (2.8) 10 (2.8) 
pravastatinpravastatin

76 (2.0)76 (2.0)ARBITERARBITER

Atherosclerosis changeAtherosclerosis change PP--valuevalue

ComparatorComparatorAtorvastatinAtorvastatin

Mean followMean follow--up LDLup LDL--C, C, 
mg/dL (mmol/L)mg/dL (mmol/L)

StudyStudy

TAV = total atheroma volume; IMT = intima media 
thickness.

REVERSAL: Nissen SE, et al. JAMA. 2004;291:1071-1080. 
ARBITER: Taylor AJ, et al. Circulation. 2002;106:2055-2060.



Atorvastatin 80 mg/dayAtorvastatin 80 mg/day

REVERSAL: Reversing Atherosclerosis With 
Aggressive Lipid Lowering

DoubleDouble--blind periodblind period

18-month follow-up 

22--week placeboweek placebo
runrun--inin

Randomization
654 patients

Study DesignStudy Design

Pravastatin 40 mg/dayPravastatin 40 mg/day

Patient population:
Patients requiring diagnostic 
coronary angiography for a 
clinical indication
Age 30-75 years
LDL-C 125-210 mg/dL 
(3.2-5.4 mmol/L)
Triglycerides <600 mg/dL
(<6.8 mmol/L)

Primary end point:Primary end point:
Percent change from baseline in total Percent change from baseline in total 
atheroma volume of the target coronary atheroma volume of the target coronary 
artery as measured by IVUSartery as measured by IVUS

Nissen SE, et al. JAMA. 2004;291:1071-1080.IVUS = intravascular ultrasound. 



REVERSAL: Method For Measurement
Of Intravascular Ultrasound Images

Reproduced from Nissen et al.  Am J Cardiol.  2005;96(suppl):61F, with permission.



*Progression vs baseline (P=.001)
†No change vs baseline (P=.98) 

2.7*
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REVERSAL: Percent Change in Total Atheroma Volume

Significant atheroscleroticSignificant atherosclerotic
progression from baselineprogression from baseline

No significant change fromNo significant change from
baseline; atheroscleroticbaseline; atherosclerotic
progression was stoppedprogression was stopped

Nissen SE, et al. JAMA. 2004;291:1071-1080.TAV = total atheroma volume.



**Updated guidelines, per NCEP ATP III White Paper (Grundy et al)Updated guidelines, per NCEP ATP III White Paper (Grundy et al)
American Diabetes Association. American Diabetes Association. Diabetes CareDiabetes Care. 2005;28(suppl 1):S4. 2005;28(suppl 1):S4--S36. Grundy SM, et al. S36. Grundy SM, et al. CirculationCirculation. 2004;110:227. 2004;110:227--239.239.

NCEP ATP III (Updated) and ADA: Treatment 
Thresholds and Goals in Patients with Diabetes

<100
>40 y

30% to 40% LDL-C reduction, regardless 
of baseline levelWithout overt CVD

<100<40 y + CVD risk factors or long 
duration of diabetes

ADA

NCEP ATP III

30-40% reduction
<100

<70 an option
All patients with diabetesWith overt CVD

<100
(Optional: <70*)

≥100*CHD or CHD risk equivalent   
(High risk)

LDL-C Goal 
(mg/dL)Drug Therapy



More evidences for benefit of 

treating to “new target”



The Treating to New Targets (TNT) : 
Rationale

Kastelein JJP. Atherosclerosis. 1999;143(suppl 1):S17-S21.

(1.6) (2.1) (2.6) (3.1) (3.6) (4.1) (4.7) (5.2)
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TNT is the first 
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trial to respectively 
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and safety of 
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with stable CHD to 
LDL-C levels well 
below 100 mg/dL



Patients and Sites

USAUSA
53095309

Patients:Patients: 10,001*10,001*
Sites:Sites: 256256

UKUK
299299

BelgiumBelgium
300300

NetherlandsNetherlands
788788

GermanyGermany
144144

AustriaAustria
2929

ItalyItaly
7575

SwitzerlandSwitzerland
9191

SpainSpain
525525

FranceFrance
207207

IrelandIreland
5353

South AfricaSouth Africa
523523

AustraliaAustralia
608608

CanadaCanada
10521052

*2 patients were randomized, but did not receive double-blind treatment

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

A total of 10,001 patients from 256 sites in 14 countries worldwide were randomized



Patient population:Patient population:
CHDCHD
LDLLDL--C: 130C: 130--250 mg/dL (3.4250 mg/dL (3.4--6.5 mmol/L)6.5 mmol/L)
Triglycerides Triglycerides ≤≤600 mg/dL (600 mg/dL (≤≤6.8 mmol/L)6.8 mmol/L)

Primary efficacy outcome measure:Primary efficacy outcome measure:
Time to occurrence of a major CV event:Time to occurrence of a major CV event:

–– CHD deathCHD death
–– Nonfatal, nonNonfatal, non––procedureprocedure--related MIrelated MI
–– Resuscitated cardiac arrestResuscitated cardiac arrest
–– Fatal or nonfatal strokeFatal or nonfatal stroke

Atorvastatin 10 mg

OpenOpen--label runlabel run--inin
n=15,464 n=15,464 

8 weeks8 weeks11--8 weeks8 weeks

Screening Screening 
and washand wash--outout

n=18,469n=18,469

Atorvastatin 10 mg
LDL-C target: 100 mg/dL (2.6 mmol/L)

Median follow-up = 4.9 years

Atorvastatin 80 mg
LDL-C target: 75 mg/dL (1.9 mmol/L)

Double-blind period
n=10,001n=10,001

LDLLDL--C: <130 mg/dL (<3.4 mmol/L)C: <130 mg/dL (<3.4 mmol/L)

n=4995n=4995

n=5006n=5006

BaselineBaseline

Study Design

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



FinalScreen 0 3 12 24 36 48 60
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LaRosa JC, et al. N Engl J Med. 2005;352:1425-1435.

(LDL-C was reduced by 35%)



Primary Efficacy Outcome Measure: 
Major Cardiovascular Events*

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

HR = 0.78 (95% CI 0.69, 0.89)
P<.001
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LaRosa JC, et al. N Engl J Med. 2005;352:1425-1435.



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

Stroke (Fatal or Nonfatal)
C

um
ul

at
iv

e 
in

ci
de

nc
e 

of
 fa

ta
l 

or
 n

on
fa

ta
l s

tr
ok

e

0

0.0
3

0.0
4

0 1 2 3 4
5 6

Time (years)

0.0
2

0.0
1

HR = 0.75 (95% CI 0.59, 0.96)
P=.02

Atorvastatin 10 mg
Atorvastatin 80 mg

Relative risk reduction = 25%

Secondary Efficacy Outcome 
Measures: Major Coronary 

Events*

HR = 0.80 (95% CI 0.69, 0.92)
P=.002
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HR = 0.78 (95% CI 0.68, 0.91)
P<.001
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Primary and Secondary Efficacy Outcome 
Measures: Hazard Ratios

0.5 1 1.5

HRHR
0.780.78
0.800.80
0.780.78
0.960.96
0.750.75

0.800.80

0.770.77

0.970.97
0.740.74

1.011.01

0.790.79

0.810.81

PP--valuevalue
<0.001<0.001
0.090.09
0.0040.004
0.890.89
0.020.02

0.0020.002

0.0070.007

0.760.76
0.010.01

0.920.92

<0.001<0.001

<0.001<0.001

Major CV eventMajor CV event
–– CHD deathCHD death
–– Nonfatal, nonNonfatal, non--PR MIPR MI
–– Resuscitated cardiac arrestResuscitated cardiac arrest
–– Fatal/nonfatal strokeFatal/nonfatal stroke

–– Major coronary event*Major coronary event*

–– Cerebrovascular eventCerebrovascular event

–– Peripheral arterial diseasePeripheral arterial disease
–– Hospitalization for CHFHospitalization for CHF

AllAll--cause mortalitycause mortality

–– Any coronary eventAny coronary event

Any cardiovascular eventAny cardiovascular event

Primary Efficacy MeasurePrimary Efficacy Measure

Secondary Efficacy MeasuresSecondary Efficacy Measures

Atorvastatin 80 mg better Atorvastatin 10 mg better

*CHD death, nonfatal non–procedure-related MI resuscitated 
cardiac arrest. LaRosa JC, et al. N Engl J Med. 2005;352:1425-1435.
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4S: Scandinavian Simvastatin Survival Study Group. Lancet. 1994;344:1383-1389; CARE: Sacks FM, et al. N Engl J Med. 
1996;335:1001-1009; LIPID: The LIPID Study Group. N Engl J Med. 1998;339:1349-1357; HPS: HPS Collaborative Group. Lancet. 
2002;360:7-22; TNT: LaRosa JC, et al. N Engl J Med. 2005;352:1425-1435.



Conclusions of TNT

Treatment with atorvastatin 80 mg to an LDL-C of 77 
mg/dL provided significant clinical benefit to patients 
with stable CHD currently perceived to be well 
controlled at levels around 100 mg/dL (2.6 mmol/L)

Benefits observed with atorvastatin 80 mg included 
highly significant reductions in the risk of coronary 
events and stroke

This improved clinical outcome was achieved 
without significant additional safety risk

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



Subgroup Analysis in Patients 
With Diabetes



Diabetes and CVD: What We Knew

Malmberg K, et al. Circulation. 2000;102:1014-1019.

Diabetes Subgroup
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OASIS registry: Prospectively collected from patients hospitalized with unstable angina or non–Q-wave MI
*P<.01, **P<.001 vs patients without diabetes



Diabetes criteria:Diabetes criteria:
Cohort includes patients with previous history of Cohort includes patients with previous history of 
diabetes at screeningdiabetes at screening

TNT Study Design: 
Post-hoc Analysis of Patients With Diabetes

Atorvastatin 
10 mg

OpenOpen--label label 
runrun--inin

8 weeks8 weeks11--8 weeks8 weeks

Screening Screening 
and washand wash--outout

Atorvastatin 10 mg
LDL-C target: 100 mg/dL (2.6 mmol/L)

Median followMedian follow--up = 4.9 yearsup = 4.9 years

Atorvastatin 80 mg
LDL-C target: 75 mg/dL (1.9 mmol/L)

DoubleDouble--blind periodblind period
n=1501n=1501

n=748n=748

n=753n=753
BaselineBaseline

Shepherd J, et al. Diabetes Care. 2006;29:1220-1226.

Diabetes Subgroup



Time to First Major Cardiovascular Event in 
Patients With Diabetes

HR = 0.75 (95% CI 0.58, 0.97)
P = .026

Atorvastatin 10 mg
Atorvastatin 80 mg
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Relative risk reduction = 25%

Shepherd J, et al. Diabetes Care. 2006;29:1220-1226.

Diabetes Subgroup

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



Hazard Ratios in Patients With and Without 
Diabetes: Secondary Efficacy Outcomes

Major CV event 17.9% 13.8%
9.7% 7.8%

Any CV event 44.1% 39.8%
31.6% 26.1%

Major coronary 12.9% 10.6%
7.5% 6.0%

Any coronary 32.0% 29.3%
25.5% 20.2%

Cerebrovascular 10.0% 7.0%
4.2% 3.4%

CHF with hosp. 8.2% 7.2%
2.4% 1.6%

PAD 8.9% 9.1%
5.1% 4.9%

All-cause mortality 9.8% 10.8%
4.9% 4.8%

Atorvastatin 80 mg betterAtorvastatin 80 mg better Atorvastatin 10 mg betterAtorvastatin 10 mg better
0.4 0.6 0.8 1.0 1.2 1.4 1.6

Event rate (diabetes)               Event rate (no diabetes)
10 mg 80 mg 10 mg 80 mg

Event rate (diabetes)               Event rate (no diabetes)
10 mg 80 mg 10 mg 80 mg

Shepherd J, et al. Shepherd J, et al. Diabetes CareDiabetes Care. 2006;29:1220. 2006;29:1220--1226.1226.

Diabetes Subgroup



Major Cardiovascular Event Rate in Patients With 
Diabetes by Glycemic Control 

Shepherd J, et al. Diabetes Care. 2006;29:1220-1226.

Diabetes Subgroup

*P=.30 for heterogeneity.

HbA1c = glycosylated hemoglobin.
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Subgroup Analysis in Patients 
With Metabolic Syndrome



Metabolic syndrome was based on the updated NCEP ATP III definitMetabolic syndrome was based on the updated NCEP ATP III definition,ion,11

and was defined as and was defined as ≥≥3 of the following prior to open3 of the following prior to open--label runlabel run--in:in:
Waist circumference: Men Waist circumference: Men ≥≥40 inches (102 cm); Women  40 inches (102 cm); Women  ≥≥35 inches (88 cm)*35 inches (88 cm)*

Triglycerides Triglycerides ≥≥150 mg/dL (150 mg/dL (≥≥1.7 mmol/L)1.7 mmol/L)
HDLHDL--C: Men <40 mg/dL (<1.0 mmol/L); Women <50 mg/dL (<1.3 mmol/L)C: Men <40 mg/dL (<1.0 mmol/L); Women <50 mg/dL (<1.3 mmol/L)
Blood pressure Blood pressure ≥≥130/130/≥≥85 mm Hg85 mm Hg
Fasting glucose Fasting glucose ≥≥100 mg/dL (100 mg/dL (≥≥5.6 mmol/L)5.6 mmol/L)

TNT Study Design: Post-hoc Analysis of 
Patients With Metabolic Syndrome

Atorvastatin 
10 mg

OpenOpen--label label 
runrun--inin

8 weeks8 weeks11--8 weeks8 weeks

Screening Screening 
and washand wash--outout

Atorvastatin 10 mg
LDL-C target: 100 mg/dL (2.6 mmol/L)

Median followMedian follow--up = 4.9 yearsup = 4.9 years

Atorvastatin 80 mg
LDL-C target: 75 mg/dL (1.9 mmol/L)

DoubleDouble--blind periodblind period
n=55n=558484

n=2764n=2764

n=2820n=2820
BaselineBaseline

1Grundy SM, et al. Circulation. 2005;112:2735-2752.

Metabolic Syndrome Subgroup

*BMI ≥≥28 substituted for waist circumference28 substituted for waist circumference
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*Coronary heart disease death, nonfatal non–procedure-related 
myocardial infarction, resuscitated cardiac arrest, fatal or 
nonfatal stroke Deedwania P, et al. Lancet 2006;368:919-928.

Metabolic syndrome, no diabetesMetabolic syndrome, no diabetes
Atorvastatin 10 mg (n=2191)Atorvastatin 10 mg (n=2191)
Atorvastatin 80 mg (n=2162)Atorvastatin 80 mg (n=2162)

HR (95% CI) = 0.70 (0.57HR (95% CI) = 0.70 (0.57--0.84), 0.84), PP=.0002=.0002

All metabolic syndromeAll metabolic syndrome
Atorvastatin 10 mg (n=2820)
Atorvastatin 80 mg (n=2764)

HR (95% CI) = 0.71 (0.61-0.84), P<.0001
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Patients with diabetesPatients with diabetes
MetSMetS (n=1231)(n=1231)
No No MetSMetS (n=270)(n=270)

Patients without diabetesPatients without diabetes
MetSMetS (n=4353)(n=4353)
No No MetSMetS (n=4147)(n=4147) HR = 2.24 (1.87HR = 2.24 (1.87--2.68)*2.68)*

PP<.0001<.0001

HR = 1.35 (1.16HR = 1.35 (1.16--1.56)1.56)††

PP<.0001<.0001

*MetS + diabetes vs no MetS, no diabetes
†MetS, no diabetes vs no MetS, no diabetes

Metabolic Syndrome Subgroup
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Low HDLLow HDL--CC Fasting glucose Fasting glucose 
≥≥100 mg/dL100 mg/dL

BMI BMI ≥≥28 kg/m28 kg/m22 TriglyceridesTriglycerides
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HypertensionHypertension
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HR = 1.18*
(1.03-1.34)

HR = 1.33**
(1.17-1.51) HR = 1.48**

(1.26-1.74)

HR = 1.30**
(1.11-1.47)

HR = 1.24*
(1.09-1.40)

Total n=10,001
*P<.05, **P<.0001
MetS = metabolic syndrome.

Metabolic Syndrome Subgroup



Analysis of Effects on 
Cerebrovascular Events



Predefined secondary end point:Predefined secondary end point:
Time to occurrence of a cerebrovascular event, defined as fatal Time to occurrence of a cerebrovascular event, defined as fatal or nonfatal stroke, or transient ischemic attack or nonfatal stroke, or transient ischemic attack 
(TIA)(TIA)

–– Strokes were classified as ischemic, hemorrhagic, embolic, or unStrokes were classified as ischemic, hemorrhagic, embolic, or unknown*known*

Atorvastatin 10 mg

OpenOpen--label runlabel run--inin
n=15,464n=15,464

8 weeks8 weeks11--8 weeks8 weeks

Screening Screening 
and washand wash--outout

n=18,469n=18,469

Atorvastatin 10 mg
LDL-C target: 100 mg/dL (2.6 mmol/L)

Median followMedian follow--up = 4.9 yearsup = 4.9 years

Atorvastatin 80 mg
LDL-C target: 75 mg/dL (1.9 mmol/L)

DoubleDouble--blind periodblind period
n=10,001n=10,001

LDLLDL--C: <130 mg/dL (<3.4 mmol/L)C: <130 mg/dL (<3.4 mmol/L)

n=4995

n=5006

BaselineBaseline

TNT Study Design: Analysis of 
Cerebrovascular Events

Cerebrovascular Benefit

*Using Systolic Hypertension in the Elderly Program criteria.
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HR = 0.75 (95% CI 0.59, 0.96)
P = 0.021

Atorvastatin 10 mg
Atorvastatin 80 mg
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Relative risk reduction = 25%

Time to First Stroke (Fatal or Nonfatal)

Cerebrovascular Benefit

Waters D, et al. J Am Coll Cardiol 2006;48:1793-1799.



By Follow the ATP-III guideline in HF patients

Current guidelines HF

54,960 Medicare hospitalized pt 
discharge Dx of HF with age >65
ischemic: 58%,  EF < 40%: 48%, 
Use of statin: 17 %

Wait for the results of ongoing trials



Effect of High-Dose Atorvastatin
on Hospitalization for HF

Subgroup Analysis of the Treating to New Targets (TNT) Study

LPP00046D ©2006 Pfizer Inc. All rights reserved.



OpenOpen--labellabel
RunRun--inin

n=15,464 n=15,464 

8 Weeks8 Weeks11––8 Weeks8 Weeks

Screening Screening 
and Washand Wash--outout

n=18,469n=18,469

Median FollowMedian Follow--up = 4.9 Yearsup = 4.9 Years

DoubleDouble--blind Periodblind Period
n=10,001n=10,001

LDLLDL--C: <130 mg/dL (<3.4 mmol/L)C: <130 mg/dL (<3.4 mmol/L)

n=4,995n=4,995

n=5,006n=5,006

BaselineBaseline

TNT: Study Design

Atorvastatin 10 mgAtorvastatin 10 mg Atorvastatin 10 mg
LDL-C target: 100 mg/dL (2.6 mmol/L)

Atorvastatin 10 mg
LDL-C target: 100 mg/dL (2.6 mmol/L)

Atorvastatin 80 mg
LDL-C target: 75 mg/dL (1.9 mmol/L)

Atorvastatin 80 mgAtorvastatin 80 mg
LDLLDL--C target: 75 mg/dL (1.9 mmol/L)C target: 75 mg/dL (1.9 mmol/L)

Patient PopulationPatient PopulationPatient Population
CHDCHD
LDLLDL--C: 130C: 130--250 mg/dL (3.4250 mg/dL (3.4--6.5 mmol/L)6.5 mmol/L)
Triglycerides Triglycerides ≤≤600 mg/dL (600 mg/dL (≤≤6.8 mmol/L)6.8 mmol/L)

Primary Efficacy Outcome MeasurePrimary Efficacy Outcome MeasurePrimary Efficacy Outcome Measure

Time to occurrence of a major CV event:Time to occurrence of a major CV event:
CHD deathCHD death
Nonfatal, nonNonfatal, non––procedureprocedure--related MIrelated MI
Resuscitated cardiac arrestResuscitated cardiac arrest
Fatal or nonfatal strokeFatal or nonfatal stroke

Any cardiovascular event:Any cardiovascular event:
Major coronary event*Major coronary event*
Any coronary eventAny coronary event
CerebrovascularCerebrovascular eventevent
Hospitalization for CHF
Peripheral arterial diseasePeripheral arterial disease

All cause All cause mortalirymortaliry

Secondary Efficacy Outcome MeasureSecondary Efficacy Outcome MeasureSecondary Efficacy Outcome Measure

*CHD death, nonfatal non*CHD death, nonfatal non--procedureprocedure--related MI,  resuscitated cardiac arrestrelated MI,  resuscitated cardiac arrest



Baseline Patient Characteristics (2)

<0.0001
<0.0001
<0.0001

26
5

12

61
10
54

Medications (%)
ACE-I
ARB
Diuretics

53
14
11

57
5

No history of HF
(n=9,220)

<0.0001
<0.0001
<0.0001

<0.0001
<0.0001

67
27
24

74
11

Comorbidities (%)
Hypertension
Diabetes Mellitus
Peripheral arterial 
disease
Prior MI
Stroke

History of HF
(n=781) P value

Heart Failure Subgroup



Hospitalization for HF

0
2
4
6
8

10
12
14
16

Total History of HF No history of HF

Hospitalization (%)

PP < 0.001< 0.001

Hospitalization 
(%) 1.9

9,220

Pt without history 
of HF

14.1 

781 

Pt with history 
of HF

2.86

10,001n

Total

Heart Failure Subgroup



Univariate
predictors
UnivariateUnivariate
predictorspredictors

Multivariate 
predictors

Multivariate Multivariate 
predictorspredictors

Predictors of Hospitalization for HF

-5 0 5 10 15 20

P <0.0001PP <0.0001<0.0001

Hazard Ratio, 95% CIHazard Ratio, 95% CIHazard Ratio, 95% CI

P <0.0001PP <0.0001<0.0001

P <0.0001PP <0.0001<0.0001

P =0.0104PP =0.0104=0.0104CereVDCereVD

CereVDCereVD

> 65> 65yy

> 65> 65yy

HTHT

HTHT

DMDM

DMDM

HFHF

HFHF

Heart Failure Subgroup



Effect of study treatment on HF hospitalization

0

0.02

0.04

0.06

0.08

0 12 24 36 48 60 72

Kaplan-Meier curves
Hazard ratio=0.74 
(95% CI 0.59, 0.94) P=0.012

KaplanKaplan--Meier curvesMeier curves
Hazard ratio=0.74 Hazard ratio=0.74 
(95% CI 0.59, 0.94) (95% CI 0.59, 0.94) PP=0.012=0.012

Atorvastatin 10 mg
Atorvastatin 80 mg
AtorvastatinAtorvastatin 10 mg10 mg
AtorvastatinAtorvastatin 80 mg80 mg

MonthsMonths

Proportion of patients in the 10Proportion of patients in the 10-- and 80and 80--mg arms of TNT hospitalized mg arms of TNT hospitalized 
with HF during followwith HF during follow--upup

Heart Failure Subgroup

122(2.4%) patients were hospitalized

164(3.3%) patients were hospitalized

Relative risk reduction: 26%



Effect of study treatment on HF hospitalization

0
0.02
0.04
0.06
0.08
0.1

0.12
0.14
0.16
0.18
0.2

0 12 24 36 48 60 72
MonthsMonths

Proportion of patients with and without a history of HF in the 1Proportion of patients with and without a history of HF in the 100-- and 80and 80--mg arms of mg arms of 
TNT experiencing hospitalization for HF during followTNT experiencing hospitalization for HF during follow--upup

Patients with prior CHF
Kaplan-Meier curves
Hazard ratio=0.59 
(95% CI 0.40, 0.88) P=0.008

Patients with prior CHFPatients with prior CHF
KaplanKaplan--Meier curvesMeier curves
Hazard ratio=0.59 Hazard ratio=0.59 
(95% CI 0.40, 0.88) (95% CI 0.40, 0.88) PP=0.008=0.008

Patients without prior CHF
Kaplan-Meier curves
Hazard ratio=0.87 
(95% CI 0.64, 1.16) P=0.34

Patients without prior CHFPatients without prior CHF
KaplanKaplan--Meier curvesMeier curves
Hazard ratio=0.87 Hazard ratio=0.87 
(95% CI 0.64, 1.16) (95% CI 0.64, 1.16) PP=0.34=0.34

Atorvastatin 10 mg (n=404) 
Atorvastatin 80 mg (n=377)
AtorvastatinAtorvastatin 10 mg (n=404) 10 mg (n=404) 
AtorvastatinAtorvastatin 80 mg (n=377)80 mg (n=377)

Atorvastatin 10 mg (n=4602) 
Atorvastatin 80 mg (n=4618)
AtorvastatinAtorvastatin 10 mg (n=4602) 10 mg (n=4602) 
AtorvastatinAtorvastatin 80 mg (n=4618)80 mg (n=4618)

Heart Failure Subgroup

Relative risk reduction: 41%



Relationship between HF hospitalization and preceding 
ischemic coronary event

50%50% 100%100%

No HF Hospitalization (n=9,715), No HF Hospitalization (n=9,715), 1,496

HF Hospitalization (n=286), HF Hospitalization (n=286), 4242

Preceding Angina or MI (%)Preceding Angina or MI (%)

15.115.1

15.715.7

Thus, the majority of HF hospitalizations
did not appear to be precipitated by angina or MI.

Heart Failure Subgroup



Summary of TNT substudy

Patients with stable CHD and diabetes experienced a 25%
reduction in risk of major CV events with atorvastatin 80 mg
vs atorvastatin 10 mg
A similar reduction in risk was observed in metabolic 
syndrome patients without diabetes, with atorvastatin 80 mg 
yielding a significant 30% relative risk reduction vs
atorvastatin 10 mg
Intensive lipid lowering with atorvastatin 80 mg/day reduced 
the incidence of both first stroke and first cerebrovascular
event by an additional 20-25% compared with the 10 mg/day 
dose.
In the TNT trial, treatment with atorvastatin 80 mg/day 
significantly reduced the risk of hospitalization due to HF
compared with 10 mg in patients with stable CHD



ARMYDA-ACS trial



BACKGROUNDBACKGROUND

The original ARMYDA trial demostrated that 7-day pretreatment with 
atorvastatin (40 mg/day) confers 81% risk reduction of peri-procedural MI in patients 
with Stable Angina undergoing  elective PCI

M
I (

%
)

Primary end point: Incidence of MI

Pasceri V, Patti G, Di Sciascio G, et al. Circulation 2004;110:674-678 
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ARMYDA-ACS trial

Inclusion criteria:

NSTE-ACS undergoing early angiography  (<48 hrs)

Exclusion criteria:

STEMI 

ACS with high risk features warranting emergency angiography

Previous or current statin therapy

LVEF <30%

Contraindications to statins (liver or muscle disease)

Severe renal failure (creatininine >3 mg/dl)



771 pts with     
NSTE-ACS

sent to 
early  coronary 
angiography
(<48 hours)
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)

Atorvastatin 80 mg 
12 hrs pre-angio; 

further 40 mg 
2 hrs before 

N=96

Coronary
angiography

Placebo 
12 hrs pre-angio;

further  
dose 2 hrs

before 
N=95

Primary 
combined end 

point:

30-day  death, 
MI, TVR

1st blood sample 

(pre-PCI)

CK-MB, troponin-I, myoglobin, CRP

ARMYDA-ACS trial: Study design

2nd and 3rd

blood samples

(8 and 24 hrs 

post-PCI)

30 days

580 pts excluded for:
- 451  statin therapy
- 41   emergency angiography 
- 43   LVEF  <30%
- 30   contraindications to statins
- 15   severe renal failure

PCI 
atorvastatin

N=86

PCI 
placebo

N=85

20 pts excluded for indication to: 
- medical therapy (N=8)
- bypass surgery (N=12)

atorvastatorvast



Primary end point:

Incidence of major adverse cardiac events (MACE: death, MI, TVR) from the procedure up to 
30 days

MI definition:

- If normal baseline levels of CK-MB: post-procedural increase of CK-MB >2 times above UNL, 
according to the consensus statement of the Joint ESC/ACC Committee for the Redefinition of Myocardial 

Infarction for clinical trials on coronary intervention. 

- If elevated baseline levels of CK-MB: subsequent rise of >2 times in CK-MB from baseline value

Secondary end points:

Any post-procedural increase of markers of myocardial injury above UNL (CK-MB, troponin-
I, myoglobin)

Post-PCI variations from baseline of CRP levels in the 2 arms 

ARMYDA-ACS trial: Study end points
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Days after PCI
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ARMYDA-ACS: Actuarial Survival curves 



Individual and Combined Outcome Measures 
of the Primary End Point  at 30 days

ARMYDA-ACS
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0 1 2

ARMYDA-ACS: Odds Ratio for 30-day MACE

NSTEMI

LVEF <40%

IIb/IIIa inhibitors

3 4 5

Beta-blockers

Ace-inhibitors

1.3 (0.36-4.8)

3.6 (1.1-10.4)

4.2 (2.1-12.2)

0.75 (0.44-2.8)

0.88 (0.59-3.9)

Atorvastatin 0.12 (0.05-0.50)



Summary of ARMYD-ACS

The ARMYDA-ACS trial indicates that 
even short-term pretreatment with 
atorvastatin may improve outcomes in 
patients with ACS undergoing early 
invasive strategy.



Conclusions
The clinical trials provide substantial support for the 

institution of high-dose statin therapy in various clinical 
settings in the primary and secondary prevention of 
cardiovascular disease.

In an analysis of high-dose statin therapy in the setting 
of ACS, diabetes mellitus, metabolic syndrome, 
cerebrovascular disease and heart failure demonstrated 
reduction in mortality and morbidity.

Use of high-dose statins before intervention in patients 
with ACS may be benificial.


