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INTRODUCTION:
Dyslipidemias are disorders of lipoprotein metabolism, including lipoprotein
overproduction and deficiency. They may manifest as one or more of the following:
elevated total cholesterol, low-density lipoprotein cholesterol (LDL), and triglyceride
levels or as decreased high-density  lipoprotein cholesterol (HDL) level.Dyslipidemia is
closely associated with atherosclerosis and is a major causal factor in the development
of ischemic diseases. Ischemic cardiovascular and cerebrovascular events are leading
causes of morbidity and mortality. Untill the mid-1980s, serum LDL cholesterol was
recognised as a critical risk factor for atherosclerotic disease. However, prospective,
placebo- controlled data showing that therapeutically reducing the burden of this 
lipoprotein in serum decreases risk for cardiovascular morbidity and mortality were
lacking. The first proof of benefit from this approach came from the Lipid Research
Clinics Coronary Primary Prevention Trial. In this trial, the bile acid binding resin
cholestiramine was used to treat men at high risk for coronary artery disease. Patients
experienced a 19% reduction in major coronary events with a 9% reduction in LDL-C. In
its Adult Treatment Panel 1, the National Cholesterol Education Program (NCEP) made
its initial attempt to provide evidence based guidelines for dyslipidemia management. The
first statin, lovastatin, was approved in 1987.(1) Over the course of the last 20 yrs, we
have witnessed a remarkable evolution in our understanding of lipid metabolism and 
have greatly expanded the therapeutic armamentarium with which to decrease the 
burden of atherosclerogenic lipoproteins.
         Despite the great success, much work remain to be done. Even in the face of very 
aggressive lipid lowering with statins, the majority of acute cardiovascular events are not
prevented. Clinicians must keep pace with rapidly changing guideline, which call for ever
greater reductions in both serum LDL-C and non HDL lipoprotein levels. The percentage
of population that develops the metabolic syndrome and diabetes particularly in India is
increasing, a greater percentage of the population is elderly with increased risk, and more
patients are surviving ischemic stroke and acute coronary syndromes . All of these
patients warrant aggressive management according to updated NCEP guidelines. In past 
few years many new drug classes are being developed to help address these challenges.
Therapeutic  approaches to more reliably increase serum levels of HDL, drugs to reduce
appetite and weight gain, and deeper insights in to specific dietary and life style
approaches to dyslipidemia are actively being developed and evaluated.
CHANGING GUIDELINES:-
The guidelines are widely available from four important societies viz. American Heart
 Association (AHA), European Society of Cardiology( ESC), Canadian Medical 
Society(CMS), Joint British Societies ( JBS). All guidelines were based on Framingham
 Heart Study data except European guideline which is based on data from European
 Action  on Secondary Prevention through intervention to Reduce Events (EUROASPIRE
 II)(2). The notable differences of the guidelines remain in whether to utilize the TC: HDL-
C to continue to use LDL-C as th primary marker for cholesterol management ; yet, all 
describe what the ideal parameters should be and when to consider initiating drug 
therapy. The Joint European Guidelines are now unique in their use of EROASPIRE II 
data versus Framingham Heart Study data. As  the population ages and more countries
 become industrialized, the guidelines and stratification systems will be modified to reflect 
the changing demographics and will incorporate the latest research data.(3)
       There have been several important changes from the previous recommendations.
 The updated guidelines:

1. Set new definitions for optimal LDL-C and low HDL-C concentrations and emphasize
 the importance of moderate triglyceride elevations. To identify patients who might be 
candidates for more aggressive management, because of the presence of multiple CHD
 risk factors (more than two), clinicians are advised to calculate a patient’s 10-year CHD
 risk using a modified Framingham point scale.

2. Establish a new category (CHD risk equivalent) that identifies conditions placing
 patients at the same high cardiovascular risk as those with established CHD and 
consequently, warrant the same aggressive management (e.g., diabetes mellitus, other
 atherosclerotic disease, and a 10-year CHD risk greater than 20%.

3. Consider the cardiovascular implications of the metabolic syndrome, an increasingly
 common risk factor complex characterized by abdominal obesity, atherogenic
 dyslipidemia (low HDL-C, elevated triglycerides, and small, dense LDL particles), 
hypertension, insulin resistance, and prothrombotic and proinflammatory states. This
 syndrome is present whenthree or more of the associated risk factors are present .

Table 1
NCEP-ATP III LDL cholesterol objectives and cutpoints drug therapy according to risk categories (Adapted from Grundy et al 2004)

	Risk category
	LDL-C objective
	LDL-C level at which to consider drug therapy

	High risk: CHD or CHD risk equivalent (10-year risk >20%)
	<100 mg/dL (2.58 mmol/L); optional goal <70 mg/dL (1.82 mmol/L) in very high risk patients
	≥100 mg/dL (2.58 mmol/L); <100 mg/dL (2.58 mmol/L) consider drug options


	Moderately high risk: 2 or more risk factors (10-year 10 year risk 10 to 20%)
	<130 mg/dL (3.36 mmol/L)
	≥130 mg/dL (3.36 mmol/L); 100 to 129 mg/dL consider drug options

	Moderate risk: 2 or more risk factors (10-year risk <10%)
	<130 mg/dL (3.36 mmol/L)
	≥160 mg/dL (4.13 mmol/L)

	Lower risk: 0 to 1 risk factor
	<160 mg/dL (4.13 mmol/L)
	≥190 mg/dL (4.91 mmol/L); 160 to 189 mg/dL consider drug options


IS LOWER THE BETTER ? :-

The relation between cholesterol and coronary risk appears to be linear, with no apparent
 threshold yet described below which cholesterol reduction would not yield further benefit. 
In 2004, the Adult Treatment Panel of the National Cholesterol Education Program 
(NCEP) revised its guidelines to permit an optional goal of _70 mg/dl for the highest-risk 
patients, which is lower than the _100-mg/dl target advocated in previous iterations (5).
 Although several clinical trials favored this change, two studies were of particular 
relevance. First was the Heart Protection Study(HPS), which showed consistent coronary
 benefit in highrisk patients with moderate cholesterol elevations across the tertiles of
 baseline LDL-C (6). On the basis of the HPS results, the U.S. Food and Drug
 Administration approved a revised indication for simvastatin that allowed treatment of
 any high-risk patient, regardless of LDL-C. The other study, the Pravastatin or
 Atorvastatin Evaluation And Infection Therapy (PROVE-IT) trial in acute coronary
 syndrome patients assessed the effect of pravastatin 40 mg/day versus atorvastatin 80
 mg/day on recurrent events(7). There was a statistically significant 16% risk reduction in
 favor of atorvastatin, thus suggesting that more intensive lipid-lowering regimens have 
greater clinical benefits over moderate lipid-lowering regimens.The results of the Treating 
to New Targets (TNT) trial have added further support to the claim of “lower is better” (8).
 A total of 10,003 patients in the TNT trial, ages 35 to 75 years, with LDL-C 130 to 250 
mg/dl and triglycerides _600 mg/dl were treated with either atorvastatin 10 mg/day or 
atorvastatin 80 mg/day. The LDL-C target for the atorvastatin 10-mg group  was 100 
mg/dl, and for the atorvastatin 80-mg group, 75 mg/dl. The primary end point was time-to-
occurrence of CHD death, non-fatal MI, resuscitated coronary arrest, and fatal or non-
fatal stroke. All-cause mortality was a secondary end point, but the study was not 
powered to show a reduction in all-cause mortality.
SAFETY ISSUES RELATED TO INTENSIVE THERAPY :
In the earlier days higher doses of  statins were thoght to be harmful with more adverse
 effects and physicians appear reluctant to use high doses of statins. But after the above
 meta analysis of trials comparing intensive v/s moderate statin therapy in patents with
 chronic stable angina and ACS suggests that the number of CK elevations, myalgias, or
 stopping of study medication due to reports of muscle aches or CK elevations was 
similar in the 2 groups (approximately 3%). There were no cases of rhabdomyolysis in
 either group.(9). In another retrospective analysis of pooled data from 49 clinical trials of 
atorvastatin in 14,236 patients treated for an average period of 2 weeks to 52 months
 was conducted. The study compared the safety of atorvastatin 10 mg (n = 7,258), 
atorvastatin 80 mg (n = 4,798), and placebo (n = 2,180), the incidence of treatment-
associated adverse events for atorvastatin 80 mg was similar to that of atorvastatin 10 
mg and placebo. It remains unclear whether routine standard statin therapy or goal
directed target LDL reduction should be used to guide  treatment  decisions. In an
 analysis of over 6000 patients with LDL-C levels below 60 mg/dl, those with very low 
levels of < 40 mg/dl with intensive statin therapy had improved survival without any risk of
 increased cancer or rhabdomyolysis.(10 ) TNT  trial also didn’t show any difference in 
adverse events with 80 mg compared to 10 mg atovastatin.
STATIN DOSES IN ASIAN INDIANS  ? 

Persons of Asian descent have been shown to have twice the drug level compared to
 Whites on an equivalent dose of statins, specially rosuvastatin. Although the metabolism
 of these drugs has not been specifically evaluated in Asian Indians it is prudent to start
 these medications at a lower dose in Asian Indians. A recent FDA advisory suggests
 starting treatment with a 5 mg daily dose of rosuvastatin and avoiding a 40 mg daily
 dose to minimize the risk of rhabdomyolysis. The dose should also be lowered in elderly
 patients and in those with renal insufficiency.(11) It is further favoured by IRIS trial where
 statin therapy was well tolerated and effective in decreasing LDL cholesterol in patients 
of South-Asian origin, with the 10- and 20-mg doses of rosuvastatin and atorvastatin
 allowing most patients to reach recommended LDL cholesterol goals.(12 ) 
EVOLVING APPROACH IN PROMOTING PATIENT ADHERENCE:-
Although lipid-modifying therapy can significantly reduce the risk of CHD, patient 
adherence remains a significant barrier to the optimal management of dyslipidemia. 
According to one survey, only 40% of patients who had been prescribed lipid-modifying 
therapy were still taking it one year after the initiation of therapy, and 25% of these
discontinuations occurred during the first month of therapy.(13) The ATP III guidelines
 outline interventions to improve adherence that focus specifically on patients, on 
physicians and the medical office, and on the health-delivery system(4). For adherence to
 increase, a combination of all three approaches will probably be required. Recently the
 IMPROVE-dyslipidemia study has worked out in this direction to assess the efficacy of a
 strategy aimed at improving vascular risk management in patients with dyslipidemia with
 or without cardiovascular disease.This is a pilot implementation enhancement program
 that was evaluated in 1127 patients with dyslipidemia. There was a baseline visit,
 followed by a concerted effort from previously trained physicians to improve adherence
 to lifestyle advice and optimize drug treatment for all vascular risk factors. After 6 months
 the patients were re-evaluated. The PROspective-Cardiovascular-Munster (PROCAM)
and Framingham trials risk engines were used to estimate CVD risk in primary 
prevention patients (n=609). And the results showed that this strategy induced a better
compliance to lifestyle measures and use of evidence-based medication, focusing on 
statins.(14) 
WHAT NEW AREAS HAVE BEEN OPENED ?: 
For many years, atherosclerosis was thought to be an inevitable accompaniment of aging.
 Russell Ross, among others, introduced the concept of atherosclerosis as a response to
 endothelial injury of the vessel wall (15). Monocytes penetrate the intima, then
 differentiate into macrophages that scavenge minimally modified or oxidized LDL
 particles and convert to foam cells. Apoptosis of these lipid-laden cells account for
 deposition of a necrotic lipid core in the atheroma. Furthermore, activated macrophages
 and foam cells secrete cytokines growth factors and metalloproteinases, resulting in
 matrix degradation of the connective tissue in the plaque. This vulnerable plaque is
 susceptible to rupture, precipitating a cascade of thrombogenic events that result in
 vessel occlusion and a vascular event. Inflammation is an integral participant in
 atherogenesis, and microbial infection by Chlamydia pneumoniae has been postulated to
 play a role in this process (16); however, the benefits  of anti-inflammatory agents, with
 the exception of aspirin, in the therapy of atherosclerosis remain speculative. Trials of 
anti-chlamydial agents have been generally negative, and cyclooxygenase (COX)-2
 inhibitors, despite being anti-inflammation drugs, may have deleterious cardiovascular 
effects (17-20). Statins may reduce the evidence of inflammation, as  measured by high-
sensitivity CRP(hsCRP), but whether or not this alone may protect against cardiovascular
disease remains to be established. A post-hoc analysis of the AFCAPS/TexCAPS trial 
examined first coronary event rates in subgroups defined by LDL-C values above or 
below the median and CRP values above or below the median (21). The subgroup that
had LDL-C above the median, regardless of whether CRP was elevated, had a trend 
toward benefit from lovastatin therapy, and the subgroup that had a CRP above the 
median had a trend toward benefit regardless of whether the LDL-C was above or below
 the median. In the subgroup where both LDL-C and CRP were below the median (n _
 1,448), however, the event rate in the lovastatin group was no better than that in the
 placebo group, suggesting that it may be possible to discriminate individuals in a 
population who may not benefit from statin therapy using both LDL-C and CRP. Based on
 a post-hoc analysis of the PROVE-IT trial,Ridker et al. (22) have put forth the argument
 that CRP has moved from an inflammatory marker to a therapeutic target in a “dual goal”
approach to management. In the PROVE-IT trial, patients achieving on-treatment LDL-C 
>70 mg/dl had a greater number of events than those <70 mg/dl. At the same time, 
those who had on-treatment CRP >2 mg/l experienced a greater number of events than
those <2 mg/l. There was no correlation (r _ 0.18) between achieved LDL-C and CRP. 
Choice  of statin appeared to be less important than achieving the goals of LDL-C <70 
mg/dl and  CRP<2 mg/l, although atorvastatin resulted in more patients achieving both 
goals. Of the entire cohort in the PROVE-IT trial, 27% achieved both LDL-C <70 mg/dl
and CRP <2  mg/l. This subgroup, after adjustment for age, gender, smoking, diabetes,
 hypertension,  obesity, and HDL-C, had a 29% lower risk for recurrent MI
 orcardiovascular death (p < 0.04) (23).Recently published JUPITER trial has has gone a 
step ahead and concluded that apparently healthy persons at increased risk only 
because of a high CRP should be statin treated with rosuvastatin 20 mg daily, the trial 
was stopped because of outcome  benefit. There is achievemet of dual low density 
lipoprotein(LDL)cholesterol(lesss than 70  mg/dl) and hsCRP(less than 2 mg/dl) targets 
with rosuvastatin was associated with a  655 reduction in risk of cardiovascular events,
compared with placebo, in apparenly  healthy patients with high CRP levels. Additionally,
achievemrnts of LDL cholesterol  target only was associated with a 55% reduction in 
events and achievement of CRP target only was associated with a 62% reduction in 
events.(24) Phospholipase A2 Inhibitor:Phospholipase A2 (PLA2) enzymes modify LDL
particles in vitro by  hydrolyzing  phospholipids, resulting in enhanced uptake by 
macrophages. The reaction products of PLA2 are lysophospholipids and fatty acids
 (mainly arachidonic acid), which lead to activation of immunoinflammatoryprocesses
 related to the pathogenesis and  complications of atherosclerosis. Both lipoprotein-
associated phospholipase A2 (Lp-PLA2)  and secretory phospholipase A2 (sPLA2) have
 been evaluated as risk factors and targets  for anti-inflammatory therapies in 
atherosclerosis. Lp-PLA2 may represent a mechanistic  link between oxidized LDL-C and 
atherosclerosis/plaque vulnerability. High plasma  levels of Lp-PLA2 are associated with
 increased risk for cardiovascular events. Therefore,  inhibiting Lp-PLA2 may have the 
potential to produce anti-inflammatory effects and  reduce cardiovascular events. It has
 been suggested that synergy between statins and specific Lp-PLA2 inhibitors could lead 
to additional further risk reduction over statin therapy alone.
Darapladib (formerly known as SB 480848), a selective Lp-PLA2 inhibitor, is in phase
 2/3 development for the treatment of atherosclerosis. The results of a phase 2 study 
showing that darapladib produced sustained,dose-dependent inhibition of plasma Lp-
PLA2 activity in patients with CHDor CHD-risk equivalent receiving intensive atorvastatin
 therapy.(25)
Varespladib is an orally administered‚ potent inhibitor of sPLA2, including 3 of the 10
 identified isoforms -- IIA‚ V‚ and X -- that are believed to be involved in the development
 of atherosclerosis. The results of the phase 2 Phospholipase Levels And Serological 
Markers of Atherosclerosis (PLASMA) trial with varespladib showed that varespladib 
treatment markedly reduced sPLA2 mass by 69% to 96% and reduced LDL-C by
8.0% to 11.9% compared with placebo. Maximal LDL-C reduction was larger in statin-
treated patients with baseline LDL-C > 70 mg/dL.(26)
EMERGING ROLE OF NON-LDL LIPID MARKERS AND ITS IMPORTANCE IN ASIAN INDIANS:
Although the clinical trials of statins have established that targeting LDL-C yields
 coronary benefit, statin treatment does not completely abolish CHD risk, and many
 receiving statins nevertheless proceed to clinical coronary events.Thus, although LDL-C 
remains the primary “bad actor” in atherogenesis and is the first lipid target of therapy, 
research has moved beyond LDL alone to include other lipid fractions that may be
 contributing to the risk, such as HDL-C and triglycerides.The FraminghamHeart Study 
was one of the first to observe the inverse correlation between HDL-C and coronary risk:
 the higher the HDL-C, the lower the risk for an event, to the extent that a 1-mg/dl
 increment in HDL-C corresponded with 1% decrement in CHD risk (27).There have been 
a number of trials with fibric acid derivatives, the lipid-modifying drug class with primary 
HDL-C–raising and triglyceride-lowering effects (28). None of these trials were powered 
to look at all-cause mortality, but two of them have reported coronary risk reductions with
fibrate treatment compared with placebo: the Helsinki Heart Study and the Veterans 
Affairs HDL-C Intervention Trial (VA-HIT), a secondary-prevention study with gemfibrozil 
in post-myocardial infarction (MI) men. In the VA-HIT, there was no reduction in LDL-C, 
but a significant reduction in coronary events, attributed in part to the effect of gemfibrozil 
on HDL-C (29). An interesting finding from both studies was the post-hoc description of a 
certain subgroup of patients who appeared to benefit more acutely from intervention than
 the overall cohort. In the Helsinki Heart study, high triglycerides, low HDL-C, and high

 LDL-C characterized the subgroup that experienced the greatest relative risk reduction 
(30). This subgroup with the “lipid triad” would be comparable to patients with the
 metabolic syndrome, based on current criteria. In the VA-HIT, the patients who most 
benefited were those who either were diabetic or who had the metabolic syndrome (31). 
Therefore, fibrate treatment appears to be of particular benefit in patients who have or 
are susceptible to diabetes or who have the metabolic syndrome. Looking to these, 
Fibrates and Niacin therapy would be a suitable choice for Asian Indians as they have 
this typical atherogenic dyslipidemia triad of high triglyceride, low HDL and less of high 
LDL (32)
PROGRESS IN HDL RAISING THERAPIES:

There may be several aspects to the cardioprotection associated with HDL, including 
reverse cholesterol transport and an antioxidant effect that prevents the modification of
 the LDL particle, with consequent anti-inflammatory implications. Three major pathways
 have been described (33) that could mediate cholesterol efflux from peripheral tissue
 with HDL: a passive diffusion pathway of cholesterol from the vessel wall in the
 macrophage into a mature HDL particle; a pathway that involves scavenger receptor B-
1(SR-B1); and a third pathway involving adenosine triphosphate-binding cassette A1
 (ABCA1) transporter,which is abnormal and deficient in the low HDL-C syndrome 
Tangier disease, first described by Donald Fredrickson and his colleagues.
Synthetic HDL Infusion---

Several novel therapies are in development that will try to exploit the risk-reducing effect
 of HDL. Many of these involve developing infusions of variants of apolipoprotein AI. A 
synthetic version of apolipoprotein AI Milano, a genetic mutation first identified in a long-
lived Italian community with low HDL-C levels, has suggested the promise of this 
approach (34). In a multicenter, randomized, double-blind phase II trial of this agent 
(ETC-216),47 subjects were randomized within two weeks of a coronary event to weekly 
intravenous infusion of ETC-216 (15 or 45 mg/kg) or placebo. Patients received a 
maximum of five doses, and intravascular ultrasonography was performed before the first 
dose and after the fifth. The primary end point, percent change in plaque volume at end 
of treatment versus baseline, was significantly reduced by the treatment. The infusion 
yielded net regression of plaque burden, an exciting but preliminary benefit that warrants 
additional research. Another approach that is in the pipeline is the development of 
peptides that mimic the active part of apolipoprotein A1. Such a peptide would need to
 possess: the ability to activate lecithin:cholesterol acyltransferase(LCAT), a key enzyme
 in reverse cholesterol transport; cholesterol-efflux capability; the ability to elevate HDL-C
 in vivo; and anti-atherosclerotic activity. In 1974, Dr. Jere Segrest at the NIH and Drs. 
Richard Jackson,Joel Morrissett, and I at Baylor College of Medicine published an
 amphipathic helical model to describe lipid-protein interactions in plasma lipoproteins
 (35). This model helped inspire later research into the synthesis of consensus peptides,
 one of which is currently under investigation (ESP24218, Esperion Therapeutics,
 personal communication, Marianne Andreach, March 5, 2005) as an HDLbased anti-
atherosclerosis therapy. A number of other synthetic analogues of apolipoprotein AI are
 also being studied.

CETP inhibition- 
Finally, inhibition of cholesteryl ester transfer protei(CETP), another key enzyme in HDL
 catabolism, is gaining acceptance as a novel treatmen (36). The first CETP inhibitor, 
torcetrapib, is being tested in a number of large trials. The evidence so far suggests that 
this drug will raise HDL-C by 16% to 91%, depending on dosage, but whether this will 
result in fewer coronary events remains to be seen. Trials with Torcetrapib were halted
 because of excess mortality and morbidity possible due to increase in blood pressure,
 decrease in serum potassium, increase in serum sodium, bicarbonate and aldosterone.
 The immediate question was whether the negative result was due to a peculiar property
 of the particular drug, torcetrapib, or an indication that CETP inhibition was an inherently
 unsafe target for therapy. After extensive post hoc investigation, the adverse clinical
 outcomes in ILLUMINATE are now believed to have been the consequence of an off-
target pharmacology of torcetrapib and not related to CETP inhibition per se. As a result, 
development of new drugs to raise HDL-C continues, including new agents in the same 
class of CETP inhibition. The newer CETP inhibitors have different chemical structures
 from torcetrapib and have not shown the same adverse effects of increased blood 
pressure and activation of the renin-angiotensin-aldosterone system in animal and early 
clinical studies In early phase human testing, another CETP inhibitor, Anacetrapib, 
increased HDL-C by 129% with a statin like decrease in LDL-C, without elevation in blood 
pressure suggesting that CETP inhibiton remains a viable strategy for raising HDL-C and 
decreasing cardivascular risk.(37 )
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NUCLEAR RECEPTORS AS DRUG TARGETS IN DYSLIPIDEMIA:

NEW APPROACHES TO THERAPY:
Nuclear receptors represent novel targets for the development of therapeutic agents for
 the treatment of numerous diseases, including type 2 diabetes, obesity dyslipidemia, 
atherosclerosis and the metabolic syndrome. There have been many recent advances in 
the development of new therapeutic agents for a subset of these receptors, including the
peroxisome proliferator- activated receptors, the liver X receptors and the farnesoid X 
receptor. To date, the synthesis of selective modulators that regulate the activity of these 
receptors has been empirical. However, a detailed understanding of the molecular basis 
for selective modulation, as well as new insights into the biology of these receptors, might 
open the door to the rational design of a new generation of therapeutic agents with 
improved safety and efficacy.

 PPAR-a--

 PPARa is most prominently expressed in the liver, kidney, heart, skeletal  muscle and
 brown adipose tissue (38). The role of PPAR-a in lipoprotein metabolism has been 
elucidated through the use of several natural and synthetic ligands. Eicosanoids, FFAs 
and drugs in the fibrate class can all activate PPAR-a, resulting in upregulation of genes 
involved in uptake and b-oxidation of FAs . PPAR-a also activates FA oxidation in the 
kidney, skeletal muscle and heart . The increase in b-oxidation decreases the  pool of 
fatty acyl-coenzyme A needed for triglyceride (TG) biosynthesis and results in decreased 
serum TG levels. In addition to the effects on FA oxidation, activation of PPAR-a 
decreases the expression of hepatic apolipoprotein. The net effect of these changes is to 
increase the rate of TG hydrolysis and lower the levels of TG-rich particles, chylomicrons 
and very-low-density lipoprotein (VLDL) in the plasma. The TG content of low-density 
lipoprotein (LDL) particles is also lowered and results in a shift in LDL particle size 
towards larger, less atherogenic, particles. High-density lipoprotein (HDL) cholesterol 
levels can also be increased by PPAR-a activation through upregulation of apoA-I and 
apoA-II expression, the two major lipoproteins of HDL. Finally, PPAR-a upregulation of 
ATP-binding cassette transporter A1 (ABCA1) can further raise HDL levels by promoting 
cholesterol efflux from macrophages, and macrophage TG levels can be lowered by
 activation of macrophage LPL (39).
LXRs---

Two isoforms of LXR exist, and they function as intracellular sensors of oxysterol levels
 (40). Expression is highest in the liver and intestine but LXR-a is also detected in 
macrophages, adipose tissue, kidney, lung and spleen, whereas LXR-b is ubiquitously 
expressed. The role of LXR in the enterohepatic system and in macrophages is best 
studied, and is discussed below (40). LXRs are involved in cholesterol homeostasis.
Mice deficient in LXR-a develop hepatomegaly and accumulate large quantities of 
cholesterol esters in their livers . In rodents, LXRs control the catabolism of cholesterol by
 regulating the expression of the gene encoding cytochrome P450 7 a-hydroxylase, the 
rate-limiting enzyme in the conversion of cholesterol to bile acids . LXR also enhances 
reverse cholesterol transport by inducing the transcription of the gene encoding ABCA1,
 involved in the efflux of cholesterol from lipid-laden macrophages to the liver. Mutations
in this gene cause familial hypoalphalipoproteinemia and Tangier disease . In addition,
LXR upregulates ABCG1 in macrophages, whose function is to mediate cholesterol 
efflux to HDL particles, in particular HDL-2 and HDL-3.
FXR--
Similarly to the LXRs, FXR is highly expressed in the liver and intestine, and serves as a
 bile acid sensor . Its natural ligands are bile acids, including cholic acid and 
chenodeoxycholic acid. Conversion of cholesterol to bile acids is the major pathway for 
elimination of cholesterol.  In addition, FXR controls enterohepatic circulation of bile acids 
by regulating several transporters involved in efflux of bile acids from the liver,absorption
 by enterocytes and hepatic reuptake. FXR has also been implicated in the regulation of 
lipid metabolism. FXR-deficient mice have increased serum and hepatic TG and 
cholesterol levels and an expected increase in serum bile acids.Conversely, 
administration of FXR agonists lowers TG levels by inhibition of hepatic SREB1c
 expression through a mechanism that might involve inhibition of LXR activation of
 SREB1c.Recent data suggest that the effects of bile acids on energy expenditure
and metabolism are FXR independent and are mediated by a G-protein-coupled receptor. 
The importance of these pathways as targets for the treatment of type 2 diabetesand 
dyslipidemia awaits validation in human trials.

WHAT’S NEW IN NIACIN THERAPY:

Nicotinic acid/laropiprant: a new lipid-modifying therapy to improve adherence to Niacin therapy:-
 The utility of nicotinic acid is limited by a high incidence of flushing, even with the MR
 formulation. This phenomenon is mediated by the prostaglandin D2 receptor subtype 1 
(DP1) and can be reduced by treatment with aspirin.Laropiprant is an antagonist at DP1
 receptors and this action inhibits nicotinic acid-induced flushing when administered
concurrently.(41) Laropiprant may affect platelet  function but no clinically relevant effects
 have been noted at therapeutic doses.(42) The MR nicotinic acid/laropiprant formulation 
is licensed for the treatment of dyslipidaemia, particularly in patients with combined mixed
 dyslipidaemia (characterised by elevated levels of LDL-C and triglycerides and low HDL-
C) and in patients with primary hyper-cholesterolaemia (heterozygous familial and 
nonfamilial). It is indicated as monotherapy only for patients unable to tolerate a statin or 
for whom a statin is not appropriate; and in combination with a statin when target lipid 
levels are not achieved.The recommended dose of the MR nicotinic acid/laropiprant 
formulation is initially 1000mg/20mg once daily with food in the evening or at bed time, 
increasing after four weeks to 2000mg/40mg once daily. If treatment is interrupted for
more than seven days, it should be retitrated from the initial dose. No dose adjustment is
required for older people; caution is required in patients with renal impairment because
nicotinic acid and its metabolites are primarily excreted by the kidneys. The MR nicotinic 
acid/laropiprant combination is contraindicated in patients with significant or unexplained
hepatic dysfunction, active peptic ulcer and arterial bleeding.

CLINICAL TRIALS
Two randomised trials (one currently unpublished) provide the key clinical data for
 nicotinic acid/ laropiprant.(42,43) Both included adults with primary or mixed
 hypercholesterolaemia and triglycerides 3.96mmol/L and used the licensed dose. MR
 nicotinic acid/laropiprant was compared with MR nicotinic acid 1000mg/day, increased to
 2000mg/ day after four weeks, in a 24-week placebo controlled trial in 1613 patients.(44)
 Mean baseline LDL-C was 2.94mmol/L; 67% of patients were taking a statin. The
 primary endpoints were the change in LDL-C over weeks 12–24 for MR nicotinic acid/ 
laropiprant versus placebo and severity of flushing during the first week for all groups.
 Secondary endpoints included changes in other lipids. A total of 28% of patients did not 
complete the trial; this included withdrawals due to flushing (MR nicotinic acid/laropiprant
10.2%; MR nicotinic acid 22.2%; placebo 0.7%). MR nicotinic acid/laropiprant reduced 
mean LDL-C significantly compared with placebo (–0.49 versus –0.01mmol/L).This was
 associated with a significant increase in HDL-C (0.52 mmol/L) and significant reductions
 in triglycerides (0.29mmol/L) and LDL-C/HDL-C ratio (–28.9 versus 2.3). Similar changes
 occurred in the subgroup of patients not taking a statin.The severity of flushing in the first 
week was less with MR nicotinic acid/laropiprant than with MR nicotinic acid.
EMERGANCE OF COMBINATION THERAPY : 

One of the important development in management of dyslipidemia we have witnessed in 
recent years is the use of combination therapy. Many patients require statin/ezetimibe, 
statin /fibric acid derivative,statin/niacin and statin /fish oil combinations. Because statins 
have lesser effects onTG and HDL-c, statin monotherapy may not be sufficient to 
manage the total lipid abnormalities of patients with the metabolic syndrome or insulin
 resistance, such as majority of South Asian Indians. Hence, combination therapies may 
frequently be necessary to reduce CAD risk in these patients. The rationale for
combination therapy is that drugs with complementary mechanisms of action can provide 
complementary effects on the lipid profile. Both niacin and fibrates have greater effects 
on TG and HDL levels than statins. Although safety issues have limited their use ,
 combinations of statins with fibrates or niacin are proving safe and effective for treatment 
of atherogenic dyslipidemia.(45) Fibric acid derivatives, or fibrates, were some of the 
earliest agents used for the management of hyperlipidemia.  They are thought to affect 
lipid and lipoprotein metabolism by activating peroxisome proliferator activated receptors
(PPAR-alpha nuclear receptors). The fibrates are very effective at lowering TG levels, 
are moderately effective at raising HDL levels, and have generally modest effects on
 LDL-c levels. Because of their complementary lipoprotein effects, statin/fibrate 
combinations have been recently evaluated in clinical studies of patients with diabetes. In
 one long-term study, 148 patients with Type-2 diabetes and mixed dyslipidemia
 (elevated LDL and TG levels, normal HDL levels) were administered simvastatin or 
bezafibrate for 6 months followed by both drugs for 12 months. Combination therapy 
reduced LDL and TG levels by 29% and 42% while raised HDL levels by 25%.
 Cardiovascular event rates during the first 6 months were 6% with simvastatin and 12%
 with bezafibrate; during the year of combined therapy, the event rate fell to 2%. A 
second study of 120 patients with diabetes and similar mixed dyslipidemia but no CAD
 compared treatment with atorvastatin, fenofibrate, and the two agents combined over a
 2-year period. Combination therapy resulted in superior lipid improvements, reducingLDL 
levels and TG levels by 46% and 50%, respectively, and increasing HDL levels by 22%. 
Combined therapy reduced the predicted 10-year risk of MI from 21.6% to 4.2%. The 
safety of statin/fibrate combination therapy was recently examined in a Medline and 
bibliographic search involving  1,674 patients enrolled in studies reported between 1988
 and 2000. None of the patients developed rhabdomyolysis or acute renal failure. Myalgia
 or other muscle symptoms were reported in 1.9% of patients, and elevated creatine 
kinase (CK) levels were reported in 2.1%. Most reports of statin-fibrate-associated 
myopathy have involved gemfibrozil. In contrast, fenofibrate appears to be associated 
with a much lower risk of myopathy when combined with a statin. This may result from 
their different effects on statin metabolism; gemfibrozil strongly inhibits the ,  

glucuronidation pathway while fenofibrate produces less inhibition. Although there is a
small increase in risk, yet, statin-fibrate therapy is overall a useful option for patients with 
atherogenic dyslipidemia when administered with appropriate medical care. 
A New Formulation of Fenofibric Acid

Fenofibrate is a pro-drug that, after administration, is hydrolyzed to fenofibric acid. It is a
 new drug that is a salt of fenofibric acid. Its active metabolite is currently under
 investigation as monotherapy or in combination with statins. Choline fenofibrate, also
 known as ABT-335 or SLV-348, is being co-developed by Abbott Laboratories (Abbott
 Park, Illinois) and Solvay SA (Brussels, Belgium).Because ABT-335 is an active drug, its
 pharmacokinetic profile differs from that of fenofibrate, including a lower peak 
concentration (Cmax) after administration. Data from 2 phase 3 studies with ABT-335 in
 combination with atorvastatin or simvastatin were presented at the ACC meeting. The
 studies showed that the combination therapy significantly improved levels of key lipids in
 patients with mixed dyslipidemia compared with the corresponding monotherapies.(46)
Niacin is the most efficacious of the currently available lipid-modifying agents for raising
 low HDL levels. It reduces TG levels to a degree similar to that of the fibrates and has
 moderate LDL-lowering efficacy. As noted in NCEP ATP III, the combination of a statin
 and niacin corrects most forms of complex dyslipidemia. The combination of atorvastatin 
and niacin was evaluated in 53 patients with diabetic dyslipidemia characterized by small 
LDL particle size or low levels of the larger HDL-2 subclass. Combination therapy
 reduced LDL levels significantly more than niacin alone and increased LDL size, HDL
 levels, and HDL-2 mass significantly more than atorvastatin alone. It was also more 
effective in reducing TG levels than either monotherapy. The combination improved all 
components of the atherogenic lipid profile. However, the use of niacin has been limited
 by adverse effects, most notably flushing. Flushing occurs in the majority of patients at
 the start of niacin therapy, and is usually transient, but it often gets discontinued before
 tolerance has developed. Aspirin, given 30 min before dosing, frequently reduces the
 flushing. Timed-release niacins cause less flushing, but have been associated with 
significant hepatotoxicity. Extended-release niacin has an intermediate-release rate that
 has been shown to limit flushing without an increase in hepatotoxicity.(47) The use of
 niacin has also been discouraged in diabetic patients because it had been shown to
 increase insulin resistance and degrade glycemic control, particularly at high doses.
 Despite this concern, the long-term use of niacin in patients with Type-2 diabetes is 
safe as well as effective when administered with reasonable medical care. 

CONCLUSION ---
Evolution of the National Cholesterol Education Program (NCEP) Adult Treatment Panel 
(ATP) guidelines for lipid lowering reflects a movement toward global risk assessment, 
including improved identification of risk in individuals without established coronary heart 
disease (CHD), and toward more aggressive lipid-lowering targets to reduce CHD risk. 
The current guidelines, for example, identify a segment of the population without 
established CHD as being at high risk on the basis of criteria that indicate CHD risk 
equivalency, recommend a low-density lipoprotein cholesterol (LDL-C) plasma level <100 
mg/dL as optimal in all individuals, and establish the metabolic syndrome as a secondary
 target for therapeutic intervention. Many questions remain for future guidelines to 
address: To what extent should plasma levels of LDL-C be lowered by therapy to afford 
optimal risk reduction? Can risk assessment be improved, e.g., by using novel risk
 measures (such as high-sensitivity C-reactive protein) to indicate patients at higher risk
 who may benefit from more aggressive interventions? Should the metabolic syndrome
 be considered a high-risk state warranting aggressive intervention irrespective of risk 
categorization using current scoring methods? Guidelines for lipid management represent 
a synthesis of constantly emerging and evolving data: ongoing efforts to improve 
understanding of the relation between dyslipidemia and cardiovascular disease, to 
increase knowledge of and ability to measure other CHD risk factors, and to improve 
therapeutic practices and options  will be reflected in future guidelines. In recent past 
several evolving modalities have emerged in the management of dyslipidemia based on 
newer targets with development of newer drugs and advanced formulation of older drugs.
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