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Abstract: The underlying disorder in the vast majority of cases of cardiovascular disease (CVD) is atherosclerosis,
for which low-density lipoprotein cholesterol (LDL-C) isrecognized asthefirst and foremost risk factor. HMIG-CoA
reductase inhibitors, popularly called statins, are highly effective and remarkably safe in reducing LDL-C and non-
HDL-Clevels. Evidencefromclinical trialshave demonstrated that statin therapy can reducetherisk of myocardial
infarction (MI), stroke, death, and the need for coronary artery revascularization procedures (CARPs) by 25-50%,
depending on the magnitude of LDL-C lowering achieved. Benefits are seen in men and women, young and old, and
in people with and without diabetes or prior diagnosis of CVD. Clinical trials comparing standard statin therapy to
intensive statin therapy have clearly demonstrated greater benefits in CVD risk reduction (including halting the
progression and even reversing coronary atherosclerosis) without any corresponding increasein risk. Numerous
outcome trials of intensive statin therapy using atorvastatin 80 mg/d have demonstrated the safety and the benefits
of lowering LDL-C to very low levels. This led the USNCEP Guideline Committee to standardize 40 mg/dL as the
optimum LDL-C level, above which the CVD risk beginsto rise. Recent studies have shown intensive statin therapy
can also lower CVD events even in low-risk individualswith LDL-C <110 mg/dL. Because of the heightened risk of
CVD in Asian Indians, the LDL-C target is set at 30 mg/dL lower than that recommended by NCEP. Accordingly,
the LDL-C goal is<70 mg/dL for Indians who have CVD, diabetes, metabolic syndrome, or chronic kidney disease.
I ntensive statin therapy isoften required in these popul ationsaswel | asotherswho requirea>50% reductionin LDL-
C. Broader acceptanceof thislower LDL-Ctargetsand itsimplementation could reducethe CVD burdeninthelndian
population by 50% in the next 25 years. Clinical trial data support an extremely favorable benefit—to—risk ratio of
intensive statin therapy with some but not all statins. Atorvastatin 80 mg/dis 100 times safer than aspirin 81 mg/d and
10 times safer than diabetic medications. Intensive statin therapy is more effective and safe compared to intensive

« control of blood sugar or blood pressure in patients with diabetes.

INTRODUCTION

This article reviewsthe role of statinsin general and intensive
statin therapy, in particular for the prevention and control of
cardiovasculardisease (CVD), thus reducing the need for
expend vehospitalizationsand coronary artery revascul arization
procedures (CARPs) and improving the overall quality of life.
Part |1 discusesthesafety i ssuesand strategiesfor predictingand
preventing seriousadverseeffectswith intensive statintherapy.
Asan Indians have the highest rates of premature CVD and
thereforerequiresearly intensiveinterventionfor all modifiable
risk factors. The results of a meta-analysis of 10 prospective
studies and 28 randomized controlled trials, based on haf a
million men and women and 18,000 coronary eventsin 1994 by
Law et a showed that a25 mg/dL decreaseintotal cholesterol

(TC) decreases the risk of coronary artery disease (CAD) by
54% at age 40, falling to 20% at age 70*. Theresults of arecent
largemeta-analysisby Lewingtonin 20072 havereinforced the
crucia roleof TC, lipoproteinsandtheir rati osinthedevel opment
of atherosclerosisand itsdevastating sequel suchasmyocardial

infarction(M1), strokeand sudden desths. Theanalysisincluded
61 prospective observationa studies, consisting of amost

900,000 adults without previous CVD and with baseline
measurements of TC recorded. During the 12 million person-
yearsof follow-up, therewere>55,000 vascul ar deaths (34,000
CAD, 12,000 strokes and 10,000 other). A 40 mg/dL lower TC
level was associated with about 56% lower CAD mortality at
ages 40-49, in both sexes. This study a so showed that the risk
fell to 34% at ages 50-69, and to 17% at ages 70-89 years. Both
thesemeta-analysisunderscoretheneedfor lowering cholesterol
levels at ayounger age’.

Tota cholesterol cons stsof bothatherogenicand antiatherogenic
lipoproteins. The atherogenic lipoproteins include low-density
lipoprotein cholesterol (LDL-C), very low density lipoprotein
(VLDL-C),andlipoprotein(a) [LP(a)] andeachof theseparticles
carries one particle of apolipoprotein B (apo B). High density
lipoprotein (HDL-C) is the predominant antiatherogenic
lipoproteinand carriesoneparticleof thehighly cardioprotective
apoliprotein Al that protects against plague formation and
promotes plaque regression. A 1% increase in HDL-C confers
a2%decreasein CVD risk andal mg/dL decreaseconfersa4%
decreasein CVD risk®. Moreover, therisk of CAD for agiven
TC varies2-3-fold depending on the amount and proportions of
aherogenic and antiatherogenic lipoproteins.

Correspondence: Dr. Enas A. Enas, Coronary Artery Disease in Asian Indians (CADI) Research Foundation Lisle, IL USA.

E-mail: cadiusa@msn.com

Indian Heart J. 2011; 63:211-227

211



Enas A. Enas et.al.

Table1: Abbreviationsand Acronyms

ACC ‘American College of Cardiology

ACCORD Action to Control Cardiovascular Risk in Diabetes

ACS Acute Coronary e

ARBITER 6 ARBITER 6: Arterial Biology for the Inves ion of the Treatment Effects of Reducing Cholesterol
6 - HDL And LDL Treatment Strategies in rosclerosis (HALTS)

ARIC Atherosclerosis Risk ommunities Study

ADA American Diabetic A iation

AHA American Heart on

AIM-HIGH Intervention In Metabolic Sy With Low HDL/High Triglyceride and
Impact On Global Health outcomes

Apo B Apolipoprotein B

ALT Alanine aminotr: inase (previously SGPT)

AST ase (previously SGOT)

BIP vention Study

CABG y 'y Artery Bypass Graft

CAD Coronary Artery Disease

CARP Coronary Artery ization Procedures such as  stent and bypass surgery

CK Creatine Kinase

CKD Chronic kidney discase

COURAGE Clinical Outcomes Utilizing Revascularization and Aggressive Drug Evaluation

CRP C- reactive protein

CVD Cardiovascular Disease

EGFR Estimated Glomerular Filtration Rate

FHS Framingham Heart Study; FRS =Framingham risk score

HALTS HDL an L Treatment Strategies in Atherosclerosis

LOT Lipid optimizing therapy

FIELD Fenofibrate Intervention and Event Lowering in Diabetes

MACE Major Adverse Cardiovascular Events including cardiac death, heart attacks, and strokes

LOT Lipid — Optimizing Therapy

NCEP National Cholesterol Education Program

LDL-C Low- Density Lipoprotein Cholesterol

HDL-C High-Density Lipoprotein Cholesterol

IMPROVE-IT The IMProved Reduction of Outcomes: Vytorin Efficacy International Trial

IRIS trial Comparison of rosuvastati vastatin in South-Asian patients at risk of coronary heart
disease

MI Myocardial Infarction

NAFLD Non Alcoholic Fatty Liver Disease

NLA National Lipid Association

NCEP National Cholesterol Education Program

Non-HDL-C Non-HDL Cholesterol

NSTTEMI Non-ST Elevation Myocardial Infarction (formerly subendocardial MI)

PCI Percutaneous Coronary Intervention

RCT Randomized Clinical Trial

SCORE Systematic COronary Risk Evaluation

STEMI ST Elevation Myocardial Infarction

TC Total Cholesterol

TG Triglycerides

VA-HIT Veteran Administration HDL Intervention Trial

VLDL-C Very Low-Density Lipoprotein Cholesterol

WHO ‘World Health Organization

CRUCIAL ROLE OF LDL-C, NON-HDL-C,
AND APOLIPOPROTEIN B.

Elevated LDL-C plays a pivota role in the development and
progression of the atheromatous plague and its rupture, which
causesmost of theacutemanifestationsof CAD*. Atherosclerosis
cannot be produced in experimental animals without some
elevation in LDL-C. LDL-C level in human umbilical cord
bloodislow (25-30 mg/dL) and lower thanthe HDL-C level®.
Moderate lifelong reduction in the plasmalevel of LDL-C is
associated with asubstantial reductionintheincidenceof major
adverse cardiovascular events (MACE) such as cardiac death,
M1 and strokeeveninthepresenceof highly prevalent non-lipid
related CVD risk factors. Individuals with
hypobetalipoproteinemia (LDL-C<70mg/dL) have reduced
levels of haemodtatic risk factors and have reduced risk of
atherosclerosis®®. Inthe ARIC study, 3% of the population had
a mutation of PCSK9 gene. This mutation was associated in
blacks with a 28% reduction in LDL-C and 88% reduction in
CAD and in whites a 15% reduction in LDL-C and a 47%
reductionintherisk of CAD®. Other studieshavea soshownthat
a PCSK9 mutation is associated with a 60% lower risk of
premature M1, Together, these studiesindicate that alifelong
1% reduction in LDL-C confersa 3% reductionin CVD % far
greater the 1% reduction observed in randomized clinical trias
that usualy lastsonly 5years. Conversdly, childrenwith LDL-
C >400 mg/dL can develop advanced CAD before 10 years of
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age™. Infact it wasthe study of ayoung brother and sister, ages
6 and 8 with advanced atherosclerosis and history of heart
attacks that led to the discovery of LDL receptors and statin
medications'2.

Evidencefrom controlled clinical trialsfor lowering LDL-Chas
corroborated a causd role for LDL-C in atherogenesis. The
optimum LDL-C leve is currently standardized at 40 mg/dL.
Grundy eta®® have demonstrated a log-linear relationship
between increased serum LDL-C levels and increased relative
risk for CAD. Thedataplottedinthisway suggest that for every
1 mg/dL change in LDL-C, the relative risk changes by 1%.
Thus, an individua with an LDL-C of 70 mg/dL has a 30%
higher risk than one with an LDL-C of 40 mg/dL.
LDL-Cisthe principd target for treatment and non-HDL-C is
thesecondary target. Non—HDL -C goal isset at 30mg/dL higher
than the LDL-C goal**. Recent studies show that VLDL-Cisas
much or more atherogenic than LDL-CY. The combined risk
from LDL-C and VLDL-Cisbest assessed by calculating non-
HDL-C, whichisobtained by smply subtracting HDL-C from
the TC. Non—HDL-C has been shown to be astrong predictor
of severity of coronary atherosclerosis and CVD events
particularly in patents who have elevations in both TC and
triglycerides(TG)%. In patientswith LDL-C <100 mg/dL , those
with non-HDL-C >130 have an 84% increased risk of CVD™.
As expected, the relationship with CVV D was stronger for non-
HDL-C than for LDL-C inthe meta-analysis by Lewingtor?.
However, the TC/HDL-C was the strongest predictor of CAD
mortality 40% more informative than non-HDL-C and more
than twice as informative as TC?. Furthermore, the CAD risk
was higher at aTC/HDL ratio of 7, than that for anon-HDL-C
of 240mg/dL (or TC 280 mg/dL ) at every agegroup. In patients
with LDL-C <100 mg/dL, those with TC/HDL ratio >5 have a
more than double the risk compared those with TC/HDL ratio
<519'

Non-HDL-C is highly correlated with ApoB; hence, non-
HDL-C isan acceptable surrogate marker for Apo B inclinical
practice for the initia testing and then for monitoring the
response to therapy. A 40 mg/dL lower non-HDL-C achieved
with lipid-optimizing thergpy confersa35-40% reductionin CAD
risk (1:1 relaionship between percent non-HDL-C lowering and
CADriskreduction)™52° ThegpoB targetis<90mg/dL inhighrisk
patientsand <80 mg/dL in very highrisk patients2 .

LIFESAVING BENEFITS OF STATINS

In 1994, the first randomized statin trial (4S) demonstrated that
lowering L DL-C reduced total mortality?*. The4Swasfollowed
by numerous additional successful RCTs, with a variety of
statinsand avariety of patient populations. Thesestudiesclearly
established L DL-C reduction asthe most effectiveintervention
to reduce the CVD risk (Table 2). Statin therapy not only
reducesL DL -C, but also conferslifesaving benefitsby reducing
coronary events, stroke, cardiac deaths and al-cause dezths,
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withoutincreasingnon-coronary mortality. Asaresult, reduction
in LDL-C with statin therapy has become the mainstay of
primary and secondary prevention of CAD. The benefits have
been demongtrated in men, women, elderly, children and those
withdiabetes, metabolic syndromeand hypertension, low HDL -
C, low LDL-C, high Lp(a) and high C-reactive protein (CRP).
Astheonly agentsthat favorably affectitsnatural history, statins
have transformed the management of patients with vascular
diseasewith significant reductionin theincidenceand mortality
from MI. The hospital mortality is 8-10% for ST-elevation
myocardia infraction (STEMI) and 5% for Non ST-elevation
myocardia infraction(NSTEMI)intheUS, thelatter accounting
for 85% of all M1%27, Thenumber of patentshospitalized for an
M1 decreased by 15% and stroke by 14% from 1997 to 2007.

Table 2: Placebo-Controlled Sandard Satin Therapy Trials

Trial # of | Treatment Lipid Change Reduct

in MACE

4gr 4,444 n 20-40 mg/d for 60 months TC 210-320 mg/dL

LIPID* 9,014
CARE" 4,151

n 40 mg/d for 73 months. TC 150-271 mg/dL 26% |in MACE

40 mg/d for 60 months LDL-C139 mg/dL 24% | in MACE*
26%| LDL-C
31%in MACE
34% |in LDL-C
15% in MACE

LDL-C | 40 mg/dL 24% |in MACE

WOSCOPS™ 6,595 n 40 mg/d for 60 months. TC 272 mg/dL

PROSPER™ n 40 mg/d for 36 months. TC160-360 mg/dL

HPS™ 20,536

AFCAPs/Tex
CAPS *

ASCOT-LA™ 10,305

n 40 mg/d for 60 months

n 40 mg/d for 62 months LDL-C 150 mg/dL

Atorvastatin 10 mg/d for

9 months TC<250 mg/dL

CARDS” 2,838 LDL-C 120 mg/dL

MEGA™ 7.832 LDL-C 156 to 128 mg/dL

48
WOSCOPS
CARE (1996) Chole
AFCAPs/Tex CAPS (1998) Air Fo
LIPID (1998) Long-Term Int
PROSPER (2002) P
HPS (2002) Ho
ASCOT-LA (2003) A
CARDS
MEGA

CARP = ¢
MACE = Majo

Now the elderly (>65 years of age) accountsfor 83% of deaths
from CAD and the vast mgjority of M1 (58% for men and 79%
for women)®. In severa large randomized controlled clinical
trials involving >100,000 patients, statins have consistently
reduced the risk of CVD events across a broad spectrum of
patients at risk®. In 3 large trids of patients with stable CAD,
statinsreduced not only MACE but dso total mortality? 34, In
addition, meta-analysis of statin trials have shown reduction in
all-cause mortality*.

Patients in amost every category that has been studied have
benefited substantially from statin therapy. Such outcome data
are scant with other lipid-lowering agents. The benefits accrue
inmenandwomen, hypertensivesand normotensives, diabetics
and nondiabetics, and particularly in smokers. The biologic
effectsare mediated by lipid and non-lipid related (pleiotropic)
effects. These include: 1) rapid improvement in endothelia
function; 2) attenuati onof vascul arinflammation; 3) stabilization
of plaques; 4) decreased prothrombotictendencies; 5) influencing
myocardial protection and remodeling; and 6) LDL-C
lowering®#, The tatintrialsevidenceisconsistent with aone-
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to-one relationship between LDL-C lowering and CAD and
stroke reduction over five years of treatment®. Although the
CRP-lowering effect of statinshasreceived renewed attentionin
recent years, in clinical practice, most of the anti-inflammatory
effect of LDL-lowering therapiesisrelated to the magnitude of
changein LDL-C. The potential non-LDL effects of statinson
inflammation aremuch smaller inmagnitude®. Inclinical trials
the benefits of statin continuesfor at least 10 years”.

The reduction in MACE depends on the degree and extent of
LDL-C reduction. Therewasasignificant positiverelationship
betweenreductioninLDL-Candreductionin MACEinameta-
analysis of 25 satin trials published in 2009% comprising
155,613 subjects, 6321 vascular deaths, 23,791 major vascular
events, 11,357 mgjor coronary events and 4,717 strokes®. For
every 50 mg/dL reduction in LDL-C the reduction in MACE
was asfollows:

22% reduction in vascular mortality

28% reduction in mgjor vascular events

32% reduction in mgjor coronary events

20% reduction in stroke

35% reduction in CVD risk®
ReductioninTClevelswithdietand statinshaveplayedacrucia
rolein the decline of CAD mortality observed over the past 40
yearsin the US®. In the Coronary Drug Project (1960s), 26%
of thepatientshad died and another 16%had arecurrent M| after
6 years of follow-up, in the control group®. On the other hand,
both mortality and recurrent M1 rates were 6% in the control
groupinthe TNT Study (2005)%2. Inaddition, the severity of Ml
has decreased dramatically with STEMI, currently accounting
for only 15% of al Ml in the US. However, STEMI is more
common than non-STEMI in Indiaf®,

STATIN POTENCY

The CVD outcomeisdirectly proportional to the extent of lipid
lowering, whichinturnisdependent onthe potency of thestatin
andthedoseused. Therearecurrently sx commercially available
statinmedicationsontheUSmarket. Threeof these%lovastatin,
simvastatinand pravastatinareavailableingenericformul ations
(and are thus less expensive). Of the commercially available
statins, rosuvastatin, atorvastatinandsimvastatinhavethehighest
potency. While atorvastatin hasthe most clinical event datafor
CVD prevention, the JUPITER Tria has filled this void for
rosuvastatin. The LDL-C lowering efficacy of rosuvastain and
atorvagtatin in Europeans and Americans are given in Table 3
and Asian Indiansin Table4%. In general, doubling the dose of
astatinresultsinapproximately 5-6% greater reductioninLDL -
C and non-HDL-C*.

Rosuvastatin presentssignificant advantagesingod achievement
and lipid lowering over other statins at commonly prescribed
doses. Inonestudy, rosuvastatin 10 mg/d achieved L DL -C goal
of <70mg/dL in45% compared with 38% of thosewhoreceived
simvastatin 40 mg/d®. In general, 10 mg/d of rosuvastatin
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treatment results in more patients reaching the LDL-C goa
comparedwith10mg/d of atorvastatinand40mg/dof Smvastatin,
potentialy reducing the need for titration visits”. However, the
god achievement dependsuponthebaselineLDL-C aswell as
theLDL-C goal. For example, in patientswith baselineLDL-C
>160 mg/dL, the achievement of LDL-C goal with rosuvastain
10mg/d is 57% when the LDL target is <100 mg/dL but only
11%whentheL DL-Ctargetis<70mg/dL (T ableb). Pitavastatin
ismore potent and will beavailableinthe USinthe near future.

Table 3; Percent Reduction in Lipid Parameters with Increasing
Satin Dosss™ .

LDL-C (mg/dL) Non-HDL-C (mg/dL) Apo B¥(mg/dL) Triglycerides(mg/dL)
Rosuvastatin

Sme/d 39 35 30 15
10 mg/d 44 40 35 19
20 mg/d 50 45 39 20
40 mg/d 55 50 43 22
Atorvastatin

10 mg/d 36 33 28 -16
20 mg/d 41 38 33 19
40 mg/d -46 43 37 21
80 mg/d 50 47 41 35
*Measured in 24,340; other lipids measured in 32,258 patients

Table 4: The Efficacy and Adverse Effects of Atorvadatin and
Rosuvadtatinin Asan Indiansin IRIS®

tatin and dose Non-HDL-C LDL-C LDL-C LDL-C

"Adverse Effects ]

mg/dL mg/dL <100 mg/dL <70 mg/dL
Atorvastatin 10 mg/d (n=185) -36% -40% 70% 18% 11%
[Rosuvastatin 10 mg/d (n=189) -40%+* 459+ 76% 42% 32%
JAtorvastatin 20 mg/d (n=184) -42% 47% 81% 42% 2.7%
Rosuvastatin 20 mg/d (n=182) -44% -50% 88% 56% 4.5%
' p = 0.002 ; **p = 0.012; *** adverse effects leading to discontinuation

Table 5: Percentage of Patients Achieving the LDL-C Goals*

LDL-C Goal <70 mg/dL.

‘ LDL-C Goal <100 mg/dL

Baseline LDL-C in mg/dL

<130 130-160 >160 <130 130-160 >160

5 mg/d NA 0% 3% NA 67% 38%

10 mg/d 1% 33% 11% 82% 76% 57%

20 mg/d 81% 57% 21% 95% 90% 65%

40 mg/d 84% 68% 32% 97% 95% 74%

Atorvastatin

10 mg/d 28% 9% 2% 1% 62% 29%

20 mg/d 65% 26% 4% 91% 84% 45%

40 mg/d 73% 45% 10% 97% 91% 57%

80 mg/d 76% 52% 18% 94% 86% 71%

TIME TO BENEFIT FROM STATINS

Although clinical trids are not designed to demonstrate when
the benefit of treatment begins, they have given someinsights
into the onset of benefits from statins. Intensive statin therapy
early after ACSleadsto areductioninclinical eventswithin 30
days, consistent withgrester early pleiotropiceffects. According
to the meta-analysis by Law, the reductions in incidence of
MACE were 7% inthefirst two years, 22% within 2to 5 years,
and 25% after fiveyearsfor a24 mg/dL decreaseinLDL-C. The
full effect of the reduction in risk isachieved by five years'.
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STATIN THERAPY AND SECONDARY
PREVENTION

Men and women derive substantial benefit from statin therapy
insecondary prevention, withthe SPARCL Trial demonstrating
a 40% reduction in MACE and 50% reduction in CARPS®.
Althoughtherel ativerisk reductionwith statintherapy issimilar
in both primary and secondary prevention, the absolute risk
reductionisgresterinsecondary prevention. Theoverall reduction
isabout 20% for a40 mg/dL LDL-C reduction. Thistrandates
into 48 fewer participantshaving MACE per 1000 among those
with pre-existing CAD at baseline, compared with 25 per 1000
among participantswithnosuch history. A UK study of patients
treated by genera practitioners showed that statin therapy
following an MI reduced dezth rates by >60% compared to
statin non-users (41 per 1000 person-years vs. 127 per 1000
person- years)®. Thus, the community effectiveness of statins
was similar to the efficacy of statinsin th clinicd trials.

STATIN THERAPY AND PRIMARY
PREVENTION

A meta-analysisof 10 primary prevention trial sthat comprised
atotal of 70,388 people, of whom 23,681 (34%) were women
and 16,078 (23%) had diabetes mellitus was reported in 2009.
This analysis showed a 12% reduction in all-cause mortdity,
30% reduction in MACE, and 19% reduction in stroke. No
evidence of an increased risk of cancer was observed®. The
benefits were even higher in the large JUPITER Tria, which
achieved 50% reductionin LDL-C to <50 mg/dL in 50% of the
patientst.

STATIN THERAPY AND MYOCARDIAL
INFARCTION (M)

In a meta-andysis of 65,000 patients treated with statins or
placebo, the risk of M| was reduced by 23 % among patients
treated with statins®. Other studieshave showna28% reduction
inrecurrent M1 and a44% reductioninfirst MI (JUPITER)®L &3,

STATINTHERAPY AND CORONARY ARTERY
REVASCULARIZATION PROCEDURES

A substantia 25-40% reduction in the need for first and repeat
CARP was observed with intensive statin therapy with
atorvastatin in severa trids*+%”. The reduction in the need for
CARPwas40%in SPARCL Tria and 46%in JUPITER Tridl.
Atorvastatin 80 mg/d administered at least 1-7 days before
elective PCI reduced the incidence of periprocedura Ml by
40% and MACE by 50% in 30 days, in both statin naive and
statin-treated patients® ™. A systematic review of the safety and
efficacy of statintherapy beforeandafter CABGhasdemonstrated
that statinsimprovetheoutcomesof patientsundergoing CABG.
The benefits outweigh the risks associated with statin use, both
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in the preoperative and postoperative period. Essentidly all
CABG patients are candidates for life-long statin therapy that
should be started before surgery, in the absence of
contraindications’™.

STATIN THERAPY AND STROKE

Despitetheinconsi stent or weak association between TC levels
and stroke, lowering of TC concentrations with statins reduces
the risk of stroke in a broad range of populations including
patients with non-cardioembolic stroke or transient ischemic
attack™. Statin therapy isthe most important advancein stroke
preventionsincetheintroductionof aspirinandantihypertensive
treatments®™. Among diabetic patients in the CARDS Tria
(Table 2), atorvastatin 10 mg/d reduced stroke by 48%. In a
metaranalysis of randomised trials of statins (in combination
withother preventivestrategies) comprising 165,792individuals,
there was evidence that each 40 mg/dL decrease in LDL-C
resulted in a21% reduction in non-cardioembolic stroke. Inthe
SPARCL Tria (Table2), atorvastatin 80 mg/d reduced therisk
of stroke by 16% in the overall cohort in the intention-to-treat
andysis™. The risk of ischemic stroke was reduced by 31%
among thosewho achieved a>50%reductionin LDL-Cwithno
increase in hemorrhagic stroke™. The impact of lowering TG
and increasing HDL-C in stroke prevention is not as robust as
lowering of LDL-C™.

STATIN AND PERIPHERAL VASCULAR
DISEASE (PVD)

In the HPS (Table 2), dlocation to 40 mg/d Smvadain daily
reducedtherateof MACE by about 25%, andthat of PV D eventsby
16%, with large absolute benefits seen in participants with PVD.
Becauseoftharhighvascularrisk, statintherapy shouldbeconsi dered
routindy for dl patientswith PVD™. In sharp contrast, aspirin has
not shown any benefit in patentswith PVD™,

STATINTHERAPY AND CHRONICKIDNEY
DISEASE (CKD)

Over 10% of the US population hassomeform of CKD and this
figureislikely to be higher in Indiawhere the control of blood
pressure and diabetes is poor. Although some patients with
CKD will ultimately develop rena failure, most patients with
CKD will die of CVD before dialysis becomes necessary.
Statins are the cornerstone of therapy for dydlipidemiain most
patients with CKD. However, differences in their
pharmacokinetic propertiesgivesomestatinsasafety advantage
in patients with advanced CKD. Atorvastatin has <2% renal
excretion and does not need dose adjustmentsfor GFR <30 ml/
minute, but the rosuvastain dose should be reduced to 5-10 mg/
d when GFR is <60 ml™. Fibrates are renally metabolized and
CKD patientsrequire both adjustmentsin dose and very careful
monitoring when used as monotherapy or comination therapy
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with statins due to the increased risk of rhabdomyolysis.

STATIN THERAPY AND DIABETES

Type 2 diabetes is associated with a 2 to 4-fold higher risk of
CVD incidence and mortality®. Two out of three patientswith
multi-vessel diseaseor ACShaveknown diabetes, undiagnosed
diabetes or prediabetes’®. CVD remains the leading cause of
death and disability among patientswith diabetes. BothFRSand
SCORE prediction models do not include diabetes, which is
particularly common among Asian Indians. The SCORE and
other data indicates that diabetes confer a greater risk than
suggested by FHS with ardative risk of 5inwomen and 3in
men™#, |n astudy of Asian Indians with ACS (mean age 55)
24% had diabetes and 46% had prediabetes with only 16%
having normal glucose tolerance®.

The CAD risk from diabetes is substantialy greater among
AsanIndiansthaninwhites. Inan ongoing prospectivestudy in
the UK, nearly hdf of al CAD desths among South Asians
occurred in individuals with diabetes at baseline compared to
only 13% among Europeans®. Compared with nondiabetics,
diabetes increased CAD mortality nearly 3-fold among South
Asans but only 1.5-fold among Europeans. Results of several
studies show a 3 to 4-fold higher CAD mortally rates among
South Asians with diabetes than whites with digbetes (after
adjustment for gender, age, educationa level, smoking,
hypertenson, acohal intake, and obesity)®®. These data suggest
that South Asansaremarkedly senstivetotheimpact of diabeteson
CAD risk. Thisheightened risk of CAD among South Asianswith
digbetes is in sharp contragt to the 32-44% lower risk observed
among blacks, Hispanics and other Asans®®. Thus, there is a
marked differencein theimpact of diabetes on CAD mortality
among people of different ethnic origin. Some studies have
shown Adsan Indian diabetics achieve poor control of risk
factors®™,

Hyperglycemiaisaweaker risk factor than high cholesterol or
high blood pressure for CAD. A meta-anadysis of diabetic
pati entsshowedthat al-percentagepointincreaseinglycosylated
hemoglobin level confers an 18% risk of CVD®. Moreover,
intensive control of blood sugar has been difficult to achieve
without significant hypoglycemia and the CVD benefits have
been lessthan spectacular. A 2009 meta-analysisof theeffect of
intensive control of glucose on CVD outcomesin patientswith
diabetesmellitusinvolved 5trials. Therewere 1,497 Mls, 2,318
CAD 1,127 of strokes, and 2,892 of all-cause mortality, during
approximately 163,000 person-yearsof follow-up. Thedifference
in hemoglobin AIC was only 0.9% between participants given
intensive trestment and standard glycemic treatment. Intensive
glycemic contral resulted in a 17% reduction in MI and 15%
reduction in CAD events, but no significant effect on stroke or
all-causemortality. Themagnitude of the benefit fromintensive
glycemiccontrol wassubstantially lower thanthat reported with
tight control of blood pressure and intensive lowering of LDL-
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C%. Epidemiological and interventiona studies show that a50
mg/dL decreasein LDL-C resultsin 32% reduction in MACE
and 20% reduction in stroke whereas sa 10 mm Hg decreasein
systolic blood pressure resultsin 22% reduction in MACE and
41% reduction stroke?>®%, Statins and newer hypertensive
agents provide smple regimens with minimal side effects.
Conversaly, intensive glucose lowering requires drugs that
might have to beinjected severa times aday that can produce
severe side effects. The need for monitoring, with finger stick
samplesfor blood sugar several timesaday, have asignificant
effect on quality of lifeand the medical cost may be beyond the
reach of most patients.

In sharp contrast to the limited benefits of intensive glucose-
loweringtherapy, several studiesindiabeticpatentshaveclearly
demongtrated substantial reductioninMACEwithstatintherapy.
Inthe CARDSTrid, atorvastatin 10 mg/d for 4 yearsin patients
with diabetes reduced MACE by 36%, CARP by 31%, and
stroke by 48% and all-cause death by 27%*. A 2008 meta
anaysisinvolving 18,686 peopl ewithdiabetes(in 14 randomized
trials of statins) has further corroborated the benefits of statins
in patients with diabetes®. According to this anaysis, after 5
years of tatin therapy, 42 fewer people with diabetes had
MACE per 1000 allocated statin therapy. Thiscorrespondto a
rate of 8,400 MACE prevented per million person-years of
statin therapy. Although there was someincreasein diabetesin
the JUPITER Trial, ameta-anaysisof all atintrialsshowed no
increased risk of diabetes®.

Statin therapy is now recommended for all diabetics>40 years
of age by the AHA and ADA, regardless of the basdline lipid
levels. The clear benefits of tatin therapy in patients with
diabetesisin sharp contrast to the lack of benefit of aspirinin
primary prevention of CVD in diabetic patients™. A systematic
review of trials evauating the benefit of aspirin therapy for
primary prevention of CVD in 11,618 individualswith diabetes
showed no significant reduction in MACE®*%,

STATIN THERAPY AND METABOLIC
SYNDROME

A post hoc andlysis of the TNT Tria assessed whether intensve
gatinthergpy resultsin grester CVD bendfitsfor patientswith both
CAD and metabolic syndrome. Themean LDL-Cwas99mg/dL in
those randomized to atorvadtatin 10 mg/d and 73 mg/dL in those
randomized to aorvedatin 80 mg/d. Irrepective of trestment
assgnment, atamedianof 4.9years, dgnificantly morepatientswith
metabolic syndrome (11.3%) had a MACE than those without
metabolic syndrome(8.0%) % a44% higher risk. MACE occurred
in367 patients(13%) recaivingatorvagtatin 10mg/d, comparedwith
262 patients(9.5%) receivingaorvastatin80mg/d% 29%reduction
inMACE. Thislargestudy hasdemongtratedthat patientswithCAD
and metabolic syndrome deriveincrementd benefit fromintensive
thergpy with high-dose atorvadtatin therapy, irrespective of the
presence of digbetes™.
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STATIN THERAPY IN WOMEN

A meta-analysisof 15 statintrial sshowed aM A CE reduction of
19% in women compared to 24% among men. The CVD
outcome was primarily driven by reductionsin unstableangina
and need for revascularization®. In additionto reducing MACE
statin use also reduces the risk of atrid fibrillation, gall stones
and need for cholecystectomy in women®®1®,

STATIN THERAPY IN ELDERLY

Statinscontinueto beunderutilizedinelderly (>65 yearsof age)
patients based on the assumption that with fewer years ahead,
there may belittle benefit with such treatment. The PROSPER
Tria randomized 5,804 menandwomenaged 70-82years with
pravastatin vs. placebo, which lowered LDL-C by 34% and
reduced MACE by 15%%*.The SAGE Tria (Table 6) has
demonstrated that elderly men and women age 65-85 not only
tolerate intensive statin therapy with atorvastatin 80 mg/d, but
also derive greater benefit with a 67% reduction in al-cause
mortality’®. A pooled analysisof statintrialsintheederly with
CAD (19,569 subjects, ages 65-92 years, mean follow-up 4.9
years) showed arelative risk reduction in CAD mortality by
30%, MI 26%, CARP 30% and stroke 25%. In addition, there
was a 22% relative risk reduction and a 3.1% absolute risk
reduction (15.6%inthestatinusersand 18.7%for control) inall-
causemortality. Thenumber neededtotreat to prevent onedeath
was 28. Thus, absolute benefit of statin therapy in the elderly
appearsto besignificantly greater thanthat observedinyounger
popul ations',

Table6: Intensive Satin Therapy Trials

# of
15

Trials Treatment Change in LDL-C Reduction in MACE

Atorvastatin Trials

17%] in MACE
27% >65 years
>115 mg/dL 36% | in MACE

ALLIANC®™ 12 2,442 147 to 95 mg/dL.

AVERT "*1 314

IDEAL' 8,888 122 to 81 mg/dL 13% |in MACE

MIRACL'* 3,086 124 to 72 mg/dL 26% | in MACE

PROVE-IT '* 4,162 106 to 62 mg/dL 16% |in MACE

REVERSAL'" 654 150 0 79 mg/dL of

SAGE" 893 N/A

SPARCL™™ 4,071 129 to 73 mg/dL.

TNT™ 10,001 <130 to 77 mg/dL.

Rosuvastatin Trials

ASTEROID''* 11 507 130 t0 61 mg/dL of
108 to 55 mg/dL

JUPITER 17,802

METEOR'! 154 to 78 mg/dL

1220 77 mg/dL No lin MACE
122 t0 63 mg/dL 25% | in CV death

SEARCH 12,064 14%| LDL-C 6%|in MACE

AVERT "1
MIRACL"

ALLIANC™
PROVE-IT'* (2004) Pr:
REVERSAL'" (2004) Re
IDEAL (2005) In
SPARCL™ ™ (2006) St v
ASTEROID'S 116 (2006) A Study to Evaluate the Effect of ntravascular Ul d-Derived Coronary Atheroma
Burden
SAGE" (2007) St
METEOR"" (2007)Me:
JUPITER *! (2008) Ju
SEARCH

INT

MACE=major adverse cardiovascular events; CIMT=Carotid Intimal medial Thickness
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STATIN THERAPY IN CHILDREN

The objective of statin therapy in children is to prevent the
developmentand progress onof theplaque(rather than preventing
an M1 at this young age) and delay the development of CVD.
Children with very high TC levels develop atherosclerosis and
progress rapidly in early teenage years'®®. Statin therapy has
been shown to induce a significant regression of carotid
atherosclerosis with no adverse effects on growth, sexua
maturation, hormone levels, liver or musclet®, Increased TC
level may affect theaortic valve; aortic regurgitation may bethe
earliest sign of accelerated atherosclerosisin childrent.

The 2007 AHA Guidelines for management of dydipidemia
recommend intensive dietary management of children with
focuson reducing the saturated fat and cholesterol intake!®. The
AHA recommends drug therapy in children >10 years of age,
whereasthe American Academy of Pediatricsnow recommends
drug therapy for dydipidemia for children >8 years of age
(includinggirlsbeforemenarche)'®. Thethresholdof intervention
isanLDL-C>190mg/dL intheabsenceof any other risk factors,
or >160 mg/dL in the presence of a positive family history of
premature CVD or 2 other risk factors. Theminimal LDL goal
is<130 mg/dL and idedl goal is<110 mg/dL. The threshold of
intervention for LDL-C is 30 mg/dL lower for Indians than
Americans and Europeans as discussed below'®.

INTENSIVE STATIN THERAPY VERSUS
STANDARD STATIN THERAPY

Increasing evidence suggests that intensive risk factor
management beyond that currently proposed by guidelines has
abeneficial impact on patientsat risk of CVD. The COURAGE
Trid whichachieved substantialy lower targetsfor all modifiable
risk factors has substantiated the rationae for tempering the
enthusiasm to perform PCl immediately upon detection of an
obstructive lesion that are amenable to such procedure'”.
Thereisgrowingevidencethat indicatesthat itisnot theabsolute
value of the LDL-C after reduction, but the proportion of
reduction from initia pre-treatment values that is significant,
particularly in high-risk patients with high LDL-C levels® *,
The 2009 Canadian Guideines recommend 50% reduction in
LDL-Casanachievablegod for many patientsasan dternative
to fixed target’®. The UK guidedinesfor lipids suggests afixed
dose statin without a target™®.

Earlier satin trials using pravastatin 40 mg/d, lovastatin 20-40
mg/d, and simvastatin 20-40 mg/d  established the benefits of
lowering LDL-C in reducing MACE, cardiac deaths and total
deaths by 25-35% in a broad range of patients. Earlier studies
were done in patients with very high LDL-C and few patients
achieved LDL-C<125mg/dL. Thesestudiesledtotheerroneous
conclusion that lowering LDL-C to <125 mg/dL may be
sufficient and that further lowering LDL-C isunwarranted and
may be even harmful®.. These misconceptions were further
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reinforced when clinical trials using smvastatin 80 mg/d not
only failed to produce any beneficial CVD outcome but also
produced unacceptabl erates of myopathy and rhabdomyolysis.
The USFDA approval of atorvastatin 80 mg/d and rosuvastatin
40 mg/d led to numerous randomized clinical trias that
demonstrated the safety and ability of these statins to lower
LDL-C to previousy unimaginable very low levels. Table 6
showstheclinicd triasof intensive statin therapy that provided
the supporting evidence. Thesetrials led to NCEP lowering of
theL DL-Ctargetstothecurrent<70mg/dL for highrisk patients
and the sea change of standardizing 40 mg/dL as the optimum
LDL-C level. A weslth of evidence from these studies now
points to the inevitable conclusion “lower is better as far as
LDL-C is concerned, provided that this can be achieved
safely” 119, Intensivelipidloweringwith high-dosestatintherapy
provided a significant benefit over standard-dose therapy for
reducingMACE inseverd largeclinica trids(Table6). The
benefit was seen in patients with both chronic CAD and ACS.
Theresultsof ameta-analysisof atotal of 27,548 patientswere
enrolled in 4 largetriasyielded asignificant 16% reductionin
CAD deaths or Ml (p < 0.00001).

INTENSIVE STATIN THERAPY AND
REGRESSION OF ATHEROSCLEROSIS

Slowest progression of atherosclerosisoccursin peoplewiththe
lowest levelsof both LDL-C and blood pressure®2, But LDL-C
is a stronger promoter of plague progression than blood
pressure'?, Theresultsof 11 secondary prevention trialsonthe
effect of lipid-lowering therapy on coronary atherosclerosis
have found that the percentage reduction in LDL-C levels
correlatesmoreclosaly with angiographic outcome (regression)
thanabsoluteL DL-Clevelsandismoresignificantinstabilizing
the atherosclerotic plaque for prevention of CAD events''® 114,
These observations support recommendations for intensive
statin therapy for high-risk patients with established CAD™.
Intensivetherapy with rosuvastatin 40 mg/d and atorvastatin 80
mg/d havebeen shownto halt the progression of atherosclerosis
in ASTEROID, METEOR and REVERSAL studies, but notin
patients receiving moderate statin therapy with pravastatin 40
mg/di>18 A post-hoc analysis combined raw data from 4
prospective randomized trials in which 1,455 patients with
angiographic CAD underwent serial intravascular
ultrasonography while receiving statin treatment. This
demonstrated that adecreasein LDL-C and increasein HDL-C
contributed significantly to the regression of atherosclerosis.
Substantial atheroma regression (> 5% reduction in atheroma
volume) wasobservedinpatientswithlevelsof LDL-C<88 mg/
dL duringtreatment and percentageincreasesof HDL-C>8%™°.
TheSANDSTrid hasshownthat reducing non-HDL-Cto<100
mg/dL andsystolicblood pressureto<110mmHgwasnecessary
to produce regression of atherosclerosis'?’. Other studies have
shownthat patientswithL DL-C>70mg/dL andnormal systolic
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blood pressure did not reduce progression of coronary
atherosclerosis™2.

INTENSIVE STATIN THERAPY IN ACS

Eachyear 1.5 million Americanssuffer ACS®. The ACC/AHA
Guidelinesrecommend early initiation of statin treatment in 1-
4 days with the aim of achieving LDL-C <100 mg/dL and
intensive statin therapy with the aim of LDL-C <70 mg/dL
initiated within 10 days of ACS'%12, This level 1A
recommendation is based upon 2 clinical trials: MIRACL and
PROVE-IT (Table 6). In the MIRACL Tria, 3,086 patients
with unstable anginaor non- STEMI were randomized within4
days of the event to atorvastatin 80 mg/d or to placebo and
followed for 16 weeks. The primary composite end point
occurredin 14.8% of atorvastatin patientsand 17.4% of placebo
patients % a 16% relative risk reduction with no difference
betweenthose<65yearsand >65years'?*. But theabsol uteevent
rates were approximately 2 to 3-fold higher in older than in
younger patients. The safety profileof atorvastatin 80 mg/d was
similar between the 2 age groups®.

In the PROVE-IT trid, 4,162 patients hospitalized with ACS
withinthepreceding 10dayswererandomizedtoatorvastatin 80
mg/d or pravastatin 40 mg/d and werefollowed for amean of 24
months (Table 5). The primary event rate was 22.4% in the
atorvagtatin group and 26.3% in the pravastatin group, (a 16%
relative risk reduction, p = 0.005)'%. A strong trend toward a
reduction in total mortality was seen in the atorvastatin group
(2.2%yvs. 3.2%, p=0.07). Thedifferencesbetweenthetreatment
groups were dready statisticaly significant at 30 days and
remained so throughout the follow-up period. Pravastatin 40
mg/d had significantly reduced the primary end pointsin four
previouslargerandomized clinical trias; thisdoseisequivaent
to40mg/dlovastatin,20mg/dsimvadtatin or 10mg/datorvastatin.
Comprehensivetreatment programsin ACSpatientsthatinclude
initiation of statins before hospital discharge have been shown
toimproveoutcomessuch asrecurrent M| and total mortality at
1year®,

In the PROVE IT-TIMI 22, those who achieved LDL-C <40
mg/dL had a39% reduction in MACE compared to those who
achievedan LDL-Cof <80-100mg/dL, irrespectiveof thestatin
randomization'®2. The benefit of intensive therapy wasgregtestin
those with basdine LDL-C >132 mg/dL % a 37% reduction in
MACE comparedto 16%reductioninMACE intheoverdl cohort.
Atorvagtain 80 mg/d was asociated with improved outcomes
providedthebasdinel DL-Cwas>66mg/dL**, Thebendfitof early
initiation of gatin thergpy during ACS accrues over time so that a
surviva advantage is seen by 4-24 months 2%, Early intensive
statin therapy reduces death and MACE &fter 4 months of
treatment in ACS'¥®. A meta-anaysis of statin trials showsthat
in patientswithrecent ACS, intensivestatintherapy reducedall-
cause mortdity by 25% (from 4.6% to 3.5% over 2.0 years)*®.
Starting the patients on intensive statin therapy during
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hospitalizationfor CAD haveshowntoincreasetheL DL-Cgoal
attainment 10-fold %from 6% to 58%"*.

INTENSIVE STATIN THERAPY IN
CHRONIC CAD

Statins have become the first-line agentsin lipid therapy. The
achievement of LDL-C targets often requires intensive statin
therapy using high doses of potent statins like atorvastatin 80
mg/d or rosuvastain 40 mg/d. MoreaggressiveL DL -Clowering
with higher doses of more potent satins compared with lower
dosesof |esspotent statinshasbeen shownto provideincremental
benefitsin patients with stable CAD* 5212, |n the TNT Tridl,
10,002 patientswithchronic CA D wererandomizedtoastandard
dose of atorvastatin 10 mg/d or ahigh dose of atorvastatin 80
mg/d. Intensive statin therapy compared to standard therapy
provided the following clinical benefits™:

e 12% reductionin angina

12% reduction in myocardial infarction

25% reduction in stroke

28% reduction in revascularization procedures

26% reduction in hospitalization for heart failure

Only 8% of those who achieved the most reduction in LDL-C
(<54 mg/dL) had MACE, compared to 12% among those who
had the least reductionin LDL-C (>122 mg/dL) irrespective of
the dose of the atorvastatin dose received®. Overal, intensive
statin therapy wasassociated witha16% reductioninMACEn
ameta-anaysisof satin trialsin patientswith chronic CAD*¥.
Beneficia results from several clinical trias of high-versus
moderate-dose statin therapy (Table5) support the
recommendation to achieve a LDL-C <70 mg/dL in high-risk
patients. Assuch, aggressivetarget goalsfor LDL-Clevelshave
been established by Guideline Committees. Accumulating data
from several recent randomized studies of more aggressive
LDL-C reduction to <70 mg/dL in the high risk patients favor
acceptance of such anew lower target for LDL-C using more
intensivestatintherapy. Suchastrategy woul daffect thetreatment
of patients with CAD, metabolic syndrome, diabetes mellitus,
cerebrovascular disease and chronic kidney disease™®. Non-
HDL-C isthe secondary target of therapy for CAD prevention
with thetarget set at 30 mg/dL higher than LDL-C. Most lipid-
modifying drugs used as monotherapy, especidly statinshave
anapproximately 1:1 rel ationship between percent non-HDL -C
lowering and CAD risk reduction®.

INTENSIVE STATIN THERAPY IN
PRIMARY PREVENTION

Most of theclinical trial sdemonstrating favorableoutcomewith
intensivestatintherapy weredonein patientswith CAD or stoke
and used 80 mg/d of atorvastatin. Four primary preventiontrias
(MEGA, WOSCOPS, ASCOT, and AFCAPS) have
demonstrated the reduction in CVD outcome with standard
statintherapy inpeoplewith LDL-Cintherangeof 131-190mg/
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dL. The JUPITER Trid has now demonstrated the safety and
benefits of intensive statin therapy in 17,802 low-risk adults
without CAD, diabetes, or high LDL-C. The prevalence of risk
factorswaslow andfew. Thestudy wasterminated 2yearsahead
of schedule dueto overwhelming benefit. ThebaselineLDL-C
was 108 mg/dL., considered well below thetreatment threshold
and rosuvastatin 20 mg/d resulted in the following biochemical
and clinical outcome®™:

e 50%reductionin LDL-Cto 55 mg/dL

e 50%having LDL-C <55 mg/dL

e 25%having LDL-C <44 mg/d

e 23%having LDL-C <40 mg/dL

e 44% reduction in primary end point (P<0.0001)

e 44%reductionin Ml (P=0.0002)

e  48% reduction in stroke (p=0.002)

o  46% for arterid revascularization (P<0.0001)

e 41%reductionin hospitdization for ungtable angina (P<0.09)
e  47% reduction in stroke, MI or CVD desth ( P<0.00001)

e  20% reduction in death from any cause (P=0.02)

e 43%reductionintota venous thromboembolism (p=0.007).
The number needed to treat (NNT) prevent one MACE was 95
over 2 years, and 18 over 5 years which is arate of 11,111
MACE prevented per million person years of therapy with
rosuvastatin20mg/d. Therel ativerisk reductionwithrosuvastain
was4-fold higher than the 12% reduction reported for aspirinin
primary prevention®t, More importantly, the absolute risk
reduction with rosuvastatin was 0.59 per 100 person years,
which is 8 times higher than the absolute risk reduction with
aspirin (0.07 per 100 person years) in primary prevention®.
Those randomized to rosuvastatin did not have a significant
increaseinmyopathy or cancer.® Thiswasal sotrueof thenearly
3000 patients who had an LDL-C of <40 mg/dL 5.

INTENSIVE STATIN THERAPY AND VERY
LOW LDL-C (<40 MG/DL)

I ntensive statin therapy hasnow becomethe standard of carefor
patientswith CAD. The safety and effectiveness of statin usage
for patients with extremely low LDL-C levels were recently
evaluated. The study done in a tertiary care medical center,
comprised of 6,107 patientswith LDL-C <60 mg/dL ; the mean
age was 65 years, 43% had prior CAD, and 47% had diabetes
mellitus. Statins were prescribed in 2,564 patients (60%) after
thelow LDL value was observed. During amean follow-up of
2 years, there were 510 deaths; statin therapy was associated
with35%lower morality overall and49%lower morality among
those with very low LDL-C levels (<40 mg/dL, n=623). Statin
use was not associated with an increase in malignancy,
transaminase elevation, or rhabdomyolysis. This study has
shownthat statintherapy inthesetting of avery low LDL-Clevel
appears to be safe and associated with improved survival',
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STATINTHERAPY ANDRECURRENTEVENTS

Atherosclerosisis alifelong pan-vascular disease and patients
continuetofacerecurrent MACE after theinitial one, whichare
usualy ignored in statistical analysis in clinica trids. In the
IDEAL Triad, therewere 2,546 first MACE and 1,749 recurrent
MACE, thus increasing the total MACE during the study
duration to 4,295 among the 8,888 patients. Intensive statin
therapy resultedina24-28%reductionintotal MACE compared
to 17% reduction in first MACE. A similar observation was
madein PROVEIT Trid. These post-hoc analyses suggest that
thetotality of the benefit of intensive statin therapy in reducing
CVD burden may be at least 50% greater than previously
recognized, withoneMACE prevented for every 10-15 patients
receiving such treatment. Together, these analyses provide
further supporttothe® lower isbetter” concept for themanagement
of LDL-Cin high-risk patients't-142,

DYSLIPIDEMIA AMONG ASIAN INDIANS

Prospective studies have shown that the incidence of CAD and
mortality from CAD among Asian Indians are at least 2-fold
higher than whiteseven when fully adjusted for smoking, blood
pressure, cholesterol, insulin resistance, metabolic syndrome,
diabetes and socioeconomic status® 3, This heightened risk of
CAD is due primarily to Asian Indian dydipidemia that is
characterized by: high serum levels of apo B; TG ; Lp(a);
borderlinehighlevel sof LDL-C; andlowlevel sof apolipoprotein
A1l (apo Al) and HDL-C*. Asian Indians have high ratios of
TC/HDL-C, TG/HDL-C, and apo B/apo A1, Theseratios
arehighly correlated with severity of CAD, aswell asacute M|
amongAsianIndians'*>#, Atagivenleve of TC, Indianshave
alower LDL-C dueto hightriglyceridesthat artificially lowers
LDL-C. At a given LDL-C leve, Indians have higher risk
because of high levels of lipoprotein(a), low levels of HDL-C
and possibly dysfunctional HDL-C particles#* 149151,

Many Asian Indians are in double jeopardy from nature and
nurture% nature bei ngthe genetically determined L p(a) excess,
and nurture through an unhealthy lifestyle associated with
affluence, urbanization, and mechanization. Theadverseeffects
of the modifiable risk factors related to lifestyle such as
dydlipidemia, smoking, hypertension, atherogenicdiet, physical
inactivity, abdominal obesity and diabetes are markedly
magnified in those with Lp(a) excess. This synergy between
nature and nurture best explains the excess burden of CAD
among Asian Indians.

INTENSIVE STATIN THERAPY FOR INDIANS

Evidence-based treatment for dydipidemiain India has been
hindered by the lack of direct evidencein thispopulation. The
resultsof the RIS Study % thelargest study of statinsin Indians
% demonstrated that evidence of efficacy with statins derived
from Western popul ations cannot be extrapolated to the Indian
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population. InWestern populaionsthereductionin LDL-Cis41%
withatorvagtatin20mg/dand50%withrosuvastan20mg/d (Table
3). Inacomparative study of 740 South Asians, the reduction
in LDL-C was 47% with atorvastatin 20 mg/d (greater than in
Western populations) and 50% with rosuvastatin 20 mg/d
(similar to the Western populations). The differencein LDL-C
reduction was small and statistically not significant between
rosuvastatin 20 mg/d and atorvastatin 20 mg/d®(Table 4). The
achievement of LDL-C goa of <100 mg/dL was similar but
achievement of LDL-C goal <70 mg/dL was higher with
rosuvastatin 20 mg/d. The discontinuation rate for serious side
effects was higher for rosuvastain 20 mg/d®. Thus, intensive
statin therapy issafe, well tolerated, and effectivein decreasing
LDL-C in South-Asians. Nonetheless, this study also showed
that nearly 50% of very high-risk Indianswhose LDL-C target
is<70 mg/dL (CAD, stroke, diabetes, metabolic syndrome or
CKD)will requirehigher dosesof thesestatins. Accordingtothe
current estimates, the prevalenceof CAD is12%, diabetes 16%,
and metabolic syndrome 35-45%inurban India. Therurd rates
of these conditions are approximately haf that of the urban
rataloa 152'
Theaverage LDL-C was 125 mg/dL among Indianswith acute
Ml and 115 mg/dL among controls supporting even more
intensive statin therapy>. Thesevaluesare higher than those of
US patients. An analysis of LDL-C levelsin alarge cohort (n
=136, 905) of patientshospitalizedfor CAD foundameanLDL -
C of 105 mg/dL TG 161 and HDL 39 mg/dL at admission.
However, morethanhalf thegrouphad LDL-C>100mg/dL and
82% had LDL-C >70 mg/dL™. These findings provide even
further support for aggressive lowering of LDL-C before an
acute Ml.
Among CVD risk factorsfor Asian Indians, abnormal lipidsas
assessed by apo B/apo Al ratio had the highest population
attributablerisk for CAD (65%) intheINTERHEART Study*=,
Indianshad thelowest HDL-C (32 mg/dL inmenand 36 mg/dL
in women) and the highest TC/HDL ratio and apo B/apo Al
ratio% the 2 lipid measureswith thehighest predictivevaluefor
CAD risk. Thus, LDL-C underestimates the CAD and
underscores the need for lower targets that are closer to the
optimum. The Indo-US Health Summit has recommended
lower targets for Indians (30 mg/dL lower LDL-C than that
recommended by NCEP for Americans):
e L DL-C<100mg/dL,non-HDL-C<130mg/dL and TC<160
mg/dL for most Indians
e |DL-C <70 mg/dL and non-HDL-C <100 mg/dL for
Indians with CVD, diabetes, metabolic syndrome, CKD,
high Lp(a) or homocysteine level.
These lipid targets more closely approximate the 2007
recommendati onsof theEuropean Society of Cardiology™. The
recommended goalsare TC <190 mg/dL and LDL-C <115mg/
dL for all Europeans (who are not at high risk). For high-risk
persons, the goas are TC <175 mg/dL, LDL-C <100 mg/dL
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with an option of <85 mg/dL if feasible.

Sdecting ahigher garting dose of atorvedtatin (20 and 40 mg/d) in
thoserequiring intensve satin thergpy to achievethe LDL-Ctarget
has been shown to achieve the LDL-C gods rapidly and with
minimd titration™. This may be particulaly true in India where
tegting lipid profileisexpensive. Intensivelipi d-lowering therapy
with 80 mg/d of atorvastatin in patients with stable CAD
provides significant clinical benefit beyond that afforded by
treatment with 10 mg/d of atorvastatin (Table 3).

The incidenceof elevated AST/ALT >3x ULN levelswasonly
1.4% in a pooled analysis of 18,696 patents treated with
atorvastatin 80 mg/d compared to 5.3% in patientstreated with
fixed dosefencfibratetherapy®**¢. Thereisno reason to suspect
this to be different among Indians® ., Treatment with a low
dose of pravastatin reduced therisk of CAD in Japan by much
the same amount as higher doseshave shownin Europeand the
USA%, This does not appear to be the case anong Indians.*
Theavailabledataindicatethat thesafety of statinsamong South
Asians are no different from whites, except for anecdota
information of increased myalgia*.

INTENSIVE STAIN THERAPY IN
HYPERTRIGLYCERIDEMIA

High TG levels (usualy accompanied by low HDL-C levels,
except inpatientswith higha cohol consumption or womenwho
are on hormone replacement therapy) are markers of obesity,
insulin resistance, high glycemic load, and physical inactivity.
Lifestylemodificationand/or withdrawal of theoffending agent
may be the most appropriate risk reduction strategy. The TG
lowering properties of statins have been ignored by many
physicians; potent statins can lower TG to the same extent asit
lower LDL-C levels(1:1 ratio)™™. Intensive statin therapy with
atorvagtatin 80 mg/d lowers LDL-C by 60%, non-HDL-C by
53%, and TG by 37%, whenthe TG levels are not €levated™®.
Butin patientswith elevated TG thereisgreater reductionin TG
(52%) and VLDL-C (62%), similar reduction in non-HDL-C
(52%), but lessreductionin LDL-C (41%)*%. Inaddition, statin
therapy producesvery favorablechangesinHDL-2, IDL, LDL
particle size, smal dense LDL-C, and VLDL-C™®,

INTENSIVE STAIN THERAPY VERSUS
MODERATE STATIN-FIBRATE
COMBINATION THERAPY

High-dosestatintherapy or combinationtherapy will berequired
for the large majority of very high-risk patients to achieve the
optimal LDL-C goa of <70 mg/dL. While the combination of
ezetimibe, bile-acid sequestering agents, and fenofibrate with
moderate dose-statins appears to be reasonably safe, outcome
dataarescant for statin-fibrate combination therapy. Theresults
of the ACCORD Trid provide some assurance of benefitswith
statin-fibrate combination therapy in diabetic patients in men
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with high triglyceride levels, dthough potential harm was
reported in non-whites and woment,

MODERATE STATIN-NIACIN COMBINATION
THERAPY

Combinationtherapy using atorvastatin40 mg/d and prescription
niacin2g/dhasshownimprovementsinall lipoproteinsincluding
decrease in LDL-C by 56%, non-HDL-C by 55%, TC/HDL
ratio by 50%, lipoprotein(a) by 14% and increasein HDL-2 by
93%.1%! Rosuvastain 20 mg/d and Niacin 1g/d aso produced
similarresults. TheHAL TS Trid evauated theeffectsof adding
Niacin 2 g/d or ezetemibe 10 mg/d in patients with CAD or
CAD-risk equivalents,whoweretreatedwithstatinsand achieved
an LDL-C of <85 mg/dL. Niacin produced both regression of
atherosclerosis and reduction in MACE, whereas no such
benefitwasobserved with ezetemibe(despiteagreater reduction
inLDL-C). TheNiacinincreased HDL-C by 18% to 50 mg/dL
whereasezetemibedecreased L DL-Chy 19%to66 mg/dL 2. In
another tria of statin-treated patientswith low LDL-C (85 mg/
dL) withlow HDL-C (39 mg/dL), Niacin 2 g/d compared with
placebo, has been shown to significantly reduce carotid
atherosclerosiswithin 12 months'®®. The AIM-HIGH Trial and
HPS Thrive Trialsare expected to provide conclusive evidence
for or against statin-niacin combination therapy in the near
future.

COST AND COST-EFFECTIVENESS OF
STATINS

The price of lovastatin 40 mg/d and pravastatin 40 mg/d in the
US has decreased dramatically after they became generic. The
Wad-Mart storesnow sell a3 month supply of thesemedications
for just $10 each with an annual cost of $40, compared to
approximately $1,500 for atorvastatin 80 mg/d or rosuvastatin
40mg/d. A recent meta-analys seval uated thecost-effectiveness
of high-dose statins versus simvastatin 40 mg/d in individuas
with ACS'*, The metaranalysi's demonstrated a clear dose-
response relationship in terms of reductions in LDL-C, with
rosuvastatin40mg/d achievingthegreatest percentagereduction
(56%) from baseline, followed by atorvastatin 80 mg/d (52%),
simvastatin 80 mg/d (45%) and smvastatin 40 mg/d (37%)%.
Using a threshold of £20,000 per qudlity-adjusted life-year
(QALY) and assuming that the benefits and adherence rates
observed in the clinical trials are generalizable to a clinica
setting, then simvastatin 80 mg/d, atorvastatin 80 mg/d and
rosuvastatin 40 mg/d would be considered cost-effective,
compared with simvastatin 40 mg/d in individuals with ACS.
Theanalys sshowedthat rosuvastatin40mg/d or atorvastatin 80
mg/d are the optimal treatment for individuals with a recent
history of ACS. If the cost of atorvastatin decreasesin linewith
that observed for smvastatin when the patent ends in 2011,
atorvastatin80mg/dwill bethemost cost-effectivetreatment for
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all threshol ds'®*. Theatorvastatin-based regimensproduced cost
savings when the anticipated impact of the generic availability
of atorvastatin was model ed,

Statin therapy was significantly associated with a decreased
propensity for atrial andventricular arrhythmial®-1%”. A systematic
review of controlled trial swith statinsshowed 77%reductionin
atrid fibrillation in secondary prevention and a40% reduction
innew onset atrial fibrillation'®, Statin decreasesrisk of venous
thromboembolisminavariety of patientsincluding cancer®. A
meta-analysisinvolving atotal of 863,805 patients showed that
statin therapy significantly reduced the risk of venous
thromboembolismby 19%, whereasfibratetherapy significantly
increased the risk by 58%*™. Fibrate therapy was associated
withincreased risk of gallstones(39%) and cholecystectomy™™.
In sharp contrast, statin therapy decreasestherisk of gallstones
and cholecystectomy (36%), possibly by decreasing hepatic
cholesterol biosynthes sand decreasing chol esterol concentration
inbile'2, Theseadditional benefitsare not currently included as
clinical endpointsin outcometrialsand may further increasethe
cost effectiveness of statins.

SAFETY OF HIGH DOSE STATINS IN
CLINICAL PRACTICE

Clinica trial evidence supports the use of intensive dtatin
therapy for patients with CAD, stroke, diabetes, metabolic
syndrome and other high-risk individuals”. High doses of
potent statins have shown the greatest clinical benefit, but
concerns persist regarding the efficacy and safety of achieving
very low levels of LDL-C. Overal, low rates of serious
musculoskeletal (<0.6%) and hepatic (<1.3%) toxicity have
been observedwith high-dosestatintherapy™. A million person-
years of statin therapy would produce only 3 fatal and 30 non-
fatal rhabdomyolysis and no higher risk of liver failure. An
analysisof 18,696 patients randomized to atorvastatin 80 mg/d
inclinical trids, (usualy for 4-5 years), only 4 developed CK
>10x UNL (240 per million person years). No rhabdomyolysis
orfatality wasreported frommuscleor liver toxicity. AST/ALT
>3x ULN was 1.4% in this pooled analysis among patients
treated atorvastatin 80 mg/d®. For comparison, fenofibrate
therapy is associated with a 5.3% elevation in transaminases.
Thereisno correlation between extent of LDL-C lowering and
serious muscle or liver toxicity with atorvastatin.

The safety issues of intensive LDL-C lowering with statinsin
comparison with aspirin and diabetic medications are given in
Table 7. A 2009 collaborative metaranalysis of individua
participant datafrom randomi sed trial sof aspirinhasquestioned
the role of aspirin in primary prevention. According to this
analysis by the true believers of aspirin, among those taking
statins, one major bleeding is produced for every MACE
preventedwithlow-doseaspirintherapy, inprimary prevention®.
Thisispartly becausestatinsreducetherisk by 50%without any
seriousrisk and asaresult, the benefitsfrom aspirin arereduced
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by acorresponding 50% whiletherisk from aspirin remains 100%.
It gppearsthat atorvagtatin 80 mg/dis 100 times safer than 81 mg/d
of aspirin, aswell asmost diabetic medications'™ 1™ Smvestatin 80
mg/disindesdassoci atedwithanunacceptably highrisk of myopethy
andrhabdomyolyssandthereforethedoseof Smvastatinshould be
limited 40 mg/din monothergpy and to 20 mg/dinmarny conditions
asociated with myotoxicity'®. The extensive data on issues
related to safety, toxicity and drug interactionswith fibratesand
cytochrome p450 inhibitors will be reviewed in Part |1.

Table7: Clinical Outcomesper 1MillionPerson-yearsof Treatment

| Outcome per million

5.000
10,000
9,600
19,200
9,250
11,000

14,000-20,000
3,600

10,000
700

100
300
100

74,673
30,046
18,484

9.72(
8.61

14728
3,97
3,093

BARRIERS TO LDL-C GOAL
ACHIEVEMENT IN CLINICAL PRACTICE

Many patients fail to achieve the LDL-C and non-HDL-C
treatment goals because of a combination of suboptimal
precription rates, failure to titrate statin dose and or early
cessation of therapy. Theuseof higher dosesof atorvastatinand
rosuvastain resultsin the greatest number of patientsachieving
therapeutic gods for all atherogenic lipoproteins (except for

Lp(@*.
OVERWHELMING BENEFITS AND THE

MINIMAL RISKS WITH INTENSIVE
STATIN THERAPY

Large outcome trials have clearly shown that statin treatments
have afavorable benefit/risk profilein awide range of patients
at different levels of risk, (with the exception of patients with
heart faillure with high BNP and those with renal failure
undergoing dialysis)t®. Statinshavetheability tolower therisk
of MI, stroke and CARPs by 25-50% depending upon the
magnitude of LDL-C reduction achieved'”. Statin therapy
reducesmortality andmorbidity eveninpatientswith pretrestment
LDL-C levelsaslow as 60-100 mg/dL 6% 133.140.178

Theoverwhelming benefit of statintherapy incomparisontothe
minimal risk canbebetter understood whenplacedinthecontext
of person-years of treatment. The mortdity risk from fatal
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rhabdomyolysis is approximately 3 per million person-years,
andtherisk of nonfatal rhabdomyolysisis30 per millionperson-
years. Theratesof acuteliver failureand acuteor chronickidney
disease are no different from those of the general population®™.
In contrast, the benefit of statin therapy is to avert severa
thousand deaths, heart attack, stroke, and CARPs per million
person-years, in appropriately treated high-risk patients™.

A meta-analysisof 19 placebo-controlled secondary prevention
studies enrolling 69,511 patients showed that statin therapy
(using various statins) reduced nonfatal M1 by 25%, CAD
mortality 23%, and all-cause mortality by 16%°. The absolute
reduction in al-cause mortdity was over 1.8% with a tria
duration averaging 5 years. Thisis arate of 3,600 per million
person-yearst’®1®, The composite end point of heart attack,
stroke and cardiac death is 2-3 times higher than mortality
reductionsalone or 7,200-10,800 per million person-years'™.
Statin trestment with atorvastatin 10 mg/d was estimated to
prevent at least 9,250 MACE per million person-years in
diabetic patientsbased onthe CARDSTria®. Inthe HPS Study,
5yearsof smvastatin treatment was estimated to prevent about
70-100 per 1000 people from sufferingaMACE. Thisisarate
of 14,000 to 20,000 per million person-years*. The size of the
benefit depends primarily ontheindividuas overall CVD risk
rather than ontheir blood lipid concentrationsalone*. (T able7)
Clinical tridstypically cost $4,000 per person per year and the
mean duration of follow-up is 5 years. The reductions in
incidence of MACE in the randomized trias (for ages 55-64
years) were 7% inthefirst twoyears, 22%from2to5years, and
25% after five years, for areduction in LDL-C of 25 mg/dL*.
Accordingly a 80 mg/dL reduction in LDL-C would confer a
corresponding 80% risk reduction after 5 years, provided the
therapy is continued indefinitely (a 1:1 relationship between
LDL-Creductioninmg/dL andCV Drisk reduction)*#*. Although
therelativerisk reductionissimilar, the absolute risk reduction
isgreater in secondary preventionthanin primary preventionand
in people who achieve subgtantial LDL-C reduction. (Table 7)
Accordingtothemeta-andysisby Baigent'®, an80mg/dL decrease
in LDL-C (which would necessitate intensive statin therapy)
would prevent 10,000MACE in primary preventionand 19,200
MACE in secondary prevention. The remarkable benefits of
intensivestatintherapy aresummarizedin Table8. Thebenefit
islikely to bedoubleamong Asian I ndianswho have doublethe
risk of CVD for any and al major modifiable risk factors'®.
Over the past 20 years, quantitative coronary angiography,
carotid intimal medial thickness and intravascular ultrasound
studieshavedemonstrated that statinsalter thenatural history of
vascular disease % a feature shared by no other category of
medications'®. Aggressive lowering of LDL-C with intensive
statin therapy can not only prevent the development of
atherosclerosisbut al sohattheprogressionandinduceregression
of the noncalcified plague. The COURAGE Trial has
demonstrated that patientswith chronic CAD who arereceiving
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optimal medical management with tight control of al risk
factors do not derive any additional benefit from PCI*#, For
these patients even ACS patients who are stabilized, an initial
conservative approach can be elected and PCI deferred until
dictated by persistent or progressive symptoms, without an
increased risk of MACE or detriment to quality of life'®,

Table8 Summary of the Remarkable Benefits of Intensive Satin
Therapy
Tntherapy can alter the natural history of vascular disease % afeafure shart
no other category of medications.

2. Intense LDL-C lowering yields superior benefits than moderate lowering; the
absolute benefit isrelated to the patient’s' baseline absol ute risk and the degree of
LDL-C lowering but not theinitial LDL-C level.

3. Regression in non-calcified atherosclerotic plague requires intensive therapy that
will achieves acombined goal of anon-HDL-C <100 mg/dL and a systolic blood
pressure <115 mm Hg.

4.  TheCVDriskreductionisdirectly proportional tothemagnitudeof LDL-Candnon-
HDL-C reduction.

5. A50%reductioninLDL-Cisareasonablegoa when specificLDL-Ctargetsarenot
met despiteintensivestatin therapy (<70 mg/dL in patientswith diabetesand CVD).

6.  Intensivelowering of LDL-C by 50% (from 108 to 55 mg/dL) with rosuvastain 20
mg/d reduced the risk of MI, stroke, and CARPs by about 45% in primary
prevention. Thisand other studieshavedemonstrated benefitsand saf ety of lowering
LDL-C <40 mg/dL.

7. An80mg/dL reductionin LDL-C and/or non-HDL-C confers a60-80% reduction
in CVD after 5 years of treatment (1:1 relationship).

8. An 80 mg/dL decreasein LDL-C level is estimated to prevent 10,000 MACE in
primary prevention and 19,200 M ACE in secondary prevention per million person-
years of trestment. Among diabetic patients, statin therapy would prevent 8,400
MACE per million person-years of therapy.

9.  Inpatentswith high TG, potent statin at high doses can lower TG and non-HDL-C
by >50% % the same magnitude as LDL-C reduction.

10. Statintherapy hasextremely low rates of serious side effects % only 3 fatal and 30
non-fatal rhabdomyolysiscases per million person-years. Therisk of liver failureis
not increased with statin therapy.

11. The absolute CVD risk reduction is 10 times greater and serious side effects 100
times lower with statin therapy than for low dose aspirin in primary prevention.

CONCLUSION

The optimum LDL-C iscurrently set at 40 mg/dL. Since every
1mg/dL increasein LDL-C confersa 1% higher risk for CVD,
thosewith LDL-C 70 mg/dL have a30% higher risk and those
with LDL-C 100 mg/dL have a 60% higher risk compared to
peoplewithoptimumLDL-C. TheLDL-Ctargetis<100 mg/dL
for AsanIndiansand<70mg/dL for thosewhoareat thehighest
risk % CVD, diabetes, metabolic syndrome, or chronic kidney
disease. Intensivestatintherapy withan L DL -C goa <70mg/dL
is advisable for Asian Indians with low HDL-C, high
lipoprotein(a), high CRP, high homocysteineor other emerging
risk factors. For Indianswho al ready haveevidenceof avascular
disease, physiciansshould now aimtolower their LDL-Caslow
aspossible. Thisdoes not mean al Asian Indians should go on
the highest dose of statin; nonetheless one need not worry too
much about the safety in using high enough doseto achievethe
LDL-Candnon-HDL-Cgoals. Widespread useof statintherapy
to achievetheabovegoalshasthe potentia todrastically reduce
theburden of CAD intheIndian subcontinent. For patientswith
ACS, statin therapy should be started in-hospital and continued
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life-long. Statin therapy isthe most important advancement in
stroke prevention since the introduction of aspirin and
antihypertensivetreatments. For every onemillion personyears
of treatment, intensive statin therapy can prevent approximately
10,000MA CE comparedto 700for aspirininprimary prevention.
The benefit isgreater in secondary prevention with areduction
of MACE by 20,000 with statin compared to 10,000 with
aspirin. Intensive statin therapy is poised to perform greater
wonders for cardiovascular diseases in the 21% century than
antibioticsdidfor infecti ousdiseasesand H2 antagonistsdid for
peptic ulcer in the 20th century.
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