18 Strategies to |mprove HDL

Cholesterol—A New Target

Sunil Modi

Abstract: The plasma concentration of HDL cholesterol (HDL-C) is a significant independent
predictor of risk for Coronary Heart Disease (CHD). Long term observational studies such as
Framingham heart study and the Prospective Cardiovascular Munster study (PROCAM) have
conclusively shown that low HDL-C levels are associated with increased CHD risk."? And this
risk is independent of levels of serum LDL-C ® or triglyceride.* Low HDL-C is frequently
encountered lipid abnormality specially in patients who are obese or have metabolic
syndrome, and often occurs in the absence of raised LDL-C levels. Prospective epidemiological
studies also indicate that every 1mg/dl increase in HDL is associated with 2-3% decrease in
risk of CHD. The primary mechanism for this protective effect is believed to be Reverse
cholesterol transport (RCT). However several other functions of HDL like anti-inflammatory,
antioxidant, antithrombotic, antiproliferative and antiischemic agents have also been
identified. In recognition of these beneficial antiatherogenic effects, recent guidelines from
NCEP ATP III have increased the threshold for defining low levels of HDL for men and
women.

The first step in achieving the targets of HDL-C is therapeutic lifestyle changes. Exercise,
smoking cessation, weight control, alcohol intake in moderation, and diet modification have
all shown beneficial effects on raising HDL-C and when these measures are not adequate to
reach targets, pharmacotherapy specific to lipid profile of patient should be instituted.

Niacin therapy, currently the most effective drug for raising HDL-C, should be initiated in
cases with isolated low HDL-C. Cases who have both low HDL-C and elevated LDL-C should
receive a statin or statin-niacin combination and cases with Low HDL-C and elevated
triglyceride should receive Fibrate initially with a Statin and Niacin or Ezitimibe may be added
thereafter as required to attain NCEP targets.

Large number of newer molecules to raise HDL-C are in advanced stage of
development.>® Among these are (a) Apo A-I mimetic peptides (“artificial HDL") either
aslong term oral therapy or by infusion for subacute treatment. (b) CETP inhibitors
(Torcetrapib, JTT-705);” (c) Vaccines against CETP antigens;® (d) drugsto inhibit HDL-
Apo Al catabolism (Endothelial lipase inhibitors) A/2; (€) Inhibitors of Acyl coenzyme
A- cholesteral acyl transferase (ACAT inhibitors); (f) Type 1 Endocannabinoid receptor
antagonists (Rimonabant) (g) Dual PPAR aphaand PPAR — gamma agonists;® (h)
Nuclear receptor (e.g. Liver x receptor—alpha) agonists.® Out of these, rimonabant, Apo
Al mimetics like Apo Al milano and CETP inhibitors e.g. Torcetrapib have been studied
in recent clinical trials and have been found to be promising.



INTRODUCTION

The serum level of HDL cholesterol has been consistently shown to be inversely related to CAD
risk. In the Framingham Heart Study, patients initially free of clinically apparent cardiovascular
disease (CVD) and who had the highest HDL cholesterol values at study enrollment had the
lowest risk of developing CAD during the next 35 years.* This inverse relation between HDL
cholesterol and CAD risk was noted at all levels of total cholesterol, including levels below the
current desirable level of 200 mg/dl." In the Israeli Ischemic Heart Disease Study, patients with
low serum total cholesterol and high HDL cholesterol experienced the lowest rates of CAD-
related morbidity and mortality.'?

Among men enrolled in the Physicians’ Health Study (PHS), low serum levels of HDL
cholesterol were associated with increased risk for CAD even when total cholesterol levels were
low."®> Among postmenopausal women in the Nurses’ Health Study (NHS), it is estimated that a
17-mg/dl elevation in HDL cholesterol reduces risk for developing CAD by approximately
40%."

Low serum levels of HDL cholesterol are associated with increased risk for myocardial
infarction (MI), restenosis after angioplasty, sudden death, and stroke.’®” Low HDL cholesterol
is frequently found in patients with established CVD. In a study of men with angiographically
documented premature CAD, the most frequent lipid abnormality noted was isolated low HDL
cholesterol.’® In a study of 8,500 men with CAD, 64% had HDL cholesterol < 40% mg/ di.»
Among patients with CAD and a normal total cholesterol, 73% had very low HDL cholesterol (<
35 mg/dl).%

Diabetes mellitus and the metabolic syndrome are often associated with an atherogenic
dyslipidemia characterized by a lipid triad of low HDLc, high TG levels, and a preponderance of
small, dense LDLc particles, secondary to metabolic changes induced by insulin resistance.'?!

Among patients with diabetes, in the United Kingdom Prospective Diabetes Study (UKPDS),
CAD risk factors, in order of strength, included high LDL, low HDLc, hyperglycemia, systolic
hypertension, and smoking.>

Atheroprotective Mechanisms of High-Density Lipoprotein Cholesterol
Reverse Cholesterol Transport

The primary mechanism by which HDL exerts its atheroprotective efficacy is reverse cholesterol
transport (RCT), a process by which cholesterol is extracted from macrophages, Foam cells, and
atherosclerotic plaque, and delivered back to the liver for elimination as bile salts or biliary
cholesterol. HDL also delivers cholesterol to steroidogenic organs, where it is converted into
steroid hormones.

Other Proposed Antiatherogenic Mechanisms

In andition to RCT, several other antiatherothrombotic mechanisms have been proposed for HDL
particles. These include the inhibition of LDL oxidation via paraoxonase® and redox active
centers inhibition of thromb induced platelet aggregation and platelet fibrinogen binding by
HDL3,* inhibation of cytokine-induced expression of such adhesion molecules as vascular -1 by
endothelial cells,” stimulation of endothelial nitric oxide production®® and myocardial perfusion
in vivo,” the induction of prostacyclin (prostaglandin 12) production and release in blood vessel
walls,®® and inhibition of endothelial cell apoptosis,® among other effects. Patients with the
metabolic syndrome experience a marked elevation in the expression of inflammatory mediators
and also develop a pro-oxidative and prothrombotic milieu within the vasculature. These
changes are highly atherogenic. HDLs appear to be able to buffer at least a part of the toxicity
associated with these pathophysiologic transitions.



Clinical Evidence for Raising
High-Density Lipoprotein Cholesterol

Several lines of research point to the advantage of raising HDL cholesterol to reduce CAD risk. In
a meta-analysis of 4 long-term population studies, every 1 mg/dl increase in HDL cholesterol
was associated with a 2% decrease in CAD risk in men and a 3% decrease in women,
independent of other CAD factors including LDL.3° Furthermore, mupltiple placebo-controlled
treatment trials also have shown significant associations between raising HDL cholesterol and
reductions in CAD risk. In the Helsinki Heart Study (HHS), a primary prevention trial, treatment
with gemfibrozil increased HDL cholesterol levels by 11% and decreased TG and LDL levels by
35% and 11% respectively.®! These changes were associated with a 34% reduction in the incidence
of MI and CAD deaths compared with placebo. In the Veterans Affairs High-Density Lipoprotein
Cholesterol Intervention Trial (VA-HIT), a secondary prevention trial of gemfibrozil, a 6%
increase in HDL cholesterol and a 30% reduction in TG levels reduced cardiovascular risk by
22%, independent of LDL levels that remained stable throughout the study.** A subsequent
analysis showed that most of this reduction correlated with the increase in HDL cholesterol, and
estimated an 11% reduction in CAD events for every 5-mg/dl increase in HDL cholesterol.*® In
VA-HIT, neither TG levels nor LDL predicated CAD risk in multivariate analysis. In a post hoc
evaluation of the Bezafibrate Infarction Prevention Trial (BIP), a significant risk reduction (41%, p
< 0.01) was seen only in patents with TG levels > 200 mg/dl and HDL cholesterol < 42 mg/dl. at
baseline, a lipid profile frequently encountered with the metabolic syndrome.**

In the coronary drug project, niacin monotherapy reduced the risk of MI by 26%, stroke by
24%, and the need for coronary revascularization by 67% compared with placebo in men with
CAD.* A long-term mortality follow-up, 9 years after treatment discontinuation, showed an 11%
relative reduction in mortality.3® Although the Coronary Drug Project (CDP) did not measure the
effect of niacin on serum HDL cholesterol levels, the study clearly demonstrated the ability of
niacin to reduce risk for cardiovascular morbidity and mortality in the secondary prevention
setting. In the smaller HDL Atherosclerosis Treatment Study (HATS), patients with CAD (mean
baseline HDL and LDL cholesterol of 31 and 125 mg/dl, respectively) treated with simvastatin-
niacin combination therapy experienced a 24% elevation in HDL cholesterol and a 42% reduction
in LDL. These changes were associated with a small degree of angiographic regression of stenosis
(-0.4%) and a 90% relative reduction in the risk of major cardiovascular events.?’

ARBITER-2 study (Arterial biology for the investigation of the treatment effects of reducing
cholesterol)®® was a 12 months study conducted in patients with CHD who were already at goal
for LDL-C (85-90 mg%). The addition of 1 gm of extended release niacin to Simvastatin increased
HDL by 21% (without further changing LDL levels) and reduced progression of carotid wall
thickening by 68% compared with simvastatin treatment alone. In a preliminary evaluation of
patients with CAD and recent acute coronary syndromes, the weekly intravenous infusion of an
HDL mimetic consisting of ApoA-I Milano/phospholipid complexes was associated with a 4.2%
absolute reduction in atheroma volume over a 5-week period.” These data strongly indicate that
HDL can in fact induce relatively rapid plaque regression and resorption, thus potentially
rendering atherosclerosis a reversible disease.

High-Density Lipoprotein
Cholesterol Goals

Based on accumulating epidemiologic and clinical data, expert groups have begun recognizing
HDL cholesterol as a critical CAD risk factor, and new, more stringent goals are being
recommended to reduce the overall risk of CAD. The NCEP ATP III report continued to focus on
treating elevated LDL in patients at risk for CAD, but it also emphasized the importance of
evaluation and treating low HDL cholesterol. Although it did not define a strict goal for HDL
cholesterol, it did increase the definition of low HDL cholesterol from < 35 mg/dl to < 40



mg/dL."" The NCEP recommends therapeutic lifestyle changes (TLCs) and pharmacotherapy to
increase HDL cholesterol and reduce CAD or CAD risk equivalents.!! In 2002, the Expert Group
on HDL cholesterol specifically recommended an HDL cholesterol goal of > 40 mg/dl for
patients with CAD or CAD risk equivalents.*’ In 2004, the American Heart Association (AHA)
increased the definition of low HDL cholesterol for women to < 50 mg/ d1*! and, consistent with
these recommendations, the American Diabetes Association (ADA) now advocates an HDL
cholesterol goal of > 40 mg/dl for men and > 50 mg/dl for women with diabetes.*?

TREATMENT STRATEGIES
Lifestyle Modifications
Exercise

Regular aerobic exercise increases the HDL cholesterol level by 3 to 9 percent in healthy,
sedentary persons. This increase is related to the frequency and intensity of physical activity,
with greater increases in HDL cholesterol occurring with frequent, low-intensity exercise (e.g.,
five 30-minute sessions per week vs three 60-minute sessions). However, there is little evidence
that walking significantly increases HDL cholesterol levels. HDL cholesterol levels may increase
with as little as eight weeks of regular exercise, although changes may not be evident for two
years. Exercise may increase HDL cholesterol levels by stimulating the production of pre-beta
HDL-C and reverse cholesterol transport.

Regular exercise yields greater increases in HDL-C in men with low HDL cholesterol levels,
elevated triglyceride levels, and abdominal obesity than in those with isolated low HDL-C levels.
Weight loss may be crucial for an increase in HDL-C to occur. In one randomized, controlled
trial, persons who walked or jogged 10 miles per week but did not lose weight, did not have
different HDL-C levels from those of controls. Nevertheless, it is reasonable to recommend a program
of reqular, brisk aerobic exercise for 30 minutes on most days of the week.

Smoking Cessation

Cigarette smoking is associated with reduced HDL cholesterol, lecithin-cholesterol acyltrans-
ferase (LCAT) activity, and cholestery-ester-transfer protein (CETP activity). After smoking
cessation, HDL-C increases (by a mean of 4 mg/dl, more so in women than in men and in
persons with elevated baseline HDL cholesterol levels ( > 47 mg/dl). A comprehensive approach to
smoking cessation (involving pharmacotherapy, nicotine replacement, and counseling) should be
recommended.

Weight Control

Obesity is associated with reduced HDL-C levels and elevated serum Triglyceride levels. A
negative correlation exists between HDL-C and body-mass index. A meta-analysis examining the
effect of weight loss on HDL-C levels demonstrated that the levels increased by 0.35 mg/dl per
kg of weight reduction in subjects who achieved a stabilized reduced weight (P < 0.01) but
decreased by 0.27 mg/dl in subjects during active weight loss (P < 0.05). In subjects who
maintained a stable weight for six weeks after weight loss, HDL-C levels, lipoprotein lipase
levels, and LCAT activity increased; these increases may contribute to enhanced cholesterol
esterification and reverse cholesterol transport. A reasonable weight-loss goal for overweight or obese
patients is 1 pound (0.45 kg) per week, with a target body-mass index of less than 25.

Alcohol Intake

Moderate alcohol consumption raises HDL cholesterol levels. A meta-analysis indicated that the
consumption of 30 gm (1 fluid oz) of alcohol per day increases HDL cholesterol levels by a mean
of 4 mg/dl, irrespective of the kind of alcohol consumed. The potential risks associated with alcohol
intake outweigh the benefits in persons with hepatic dysfunction or the potential for addiction. Also the



controversy exists to the fact that what alcohol raises is primarily subclass HDL3 which does not
help much in reverse cholesterol transport mechanism (NEJM 1984,310-805). Alcohol consump-
tion may elevate HDL levels by increasing cellular cholesterol efflux and plasma cholesterol
esterification

Dietary Modification

A number of dietary items have been claimed to increase HDL, like orange juice, beans, oat bran,
onions, soya products, soluble fibers like in grapes, apples and citrus fruits. Low fat diets have
been recommended as the foundation for treating lipid disorders that involve elevation in LDL.
However when diets are reduced in fat content, replaced calories are often derived from simple
carbohydrates which actually reduce HDL levels. The lowered levels of HDL may increase again
with sustained weight loss as insulin resistance becomes progressively better. The concominant
decrease in LDL cholesterol that occurs with a diet low in saturated fat may override the effects
associated with the decline in HDL cholesterol. Native Alaskan populations that eat a diet rich in
n-3 polyunsaturated fatty acids have high HDL-C levels. Although a diet high in
monounsaturated fats does not elicit a significant change in HDL levels, the dietary glycemic load
(which represents the equivalent elevating effect on blood-glucose levels of 1 g of pure glucose or
white bread) is negatively correlated with HDL levels. Thus, a diet rich in n-3 polyunsaturated fatty
acids — sources include oils (olive, canola, soya, flaxseed), nuts (almonds, peanuts, walnuts, pecans), cold-
water fish (salmon, mackerel), and shellfish — with limited carbohydrates that contribute a high glycemic
load (such as those found in ready-to-eat cereals, potatoes, white bread, and snack foods) can be
recommended to increase serum HDL-C values.***

Herbal and Natural Supplements

Various products which have been found to raise HDL-C in clinical trials are Guggul (the gum
resin from mukul myrrh tree), policosanol, inositol hexanicotinate or no flush niacin, curcumin,
chromium, calcium citrate, etc.

Lifestyle and Modifying Factors

Improvement in HDL cholesterol levels associated with exercise, alcohol consumption, and
weight loss is greatest in persons with the highest baseline HDL-C levels (> 60 mg/dl); those with
low baseline levels have less improvement. Interactions between genes and the environment may
influence the magnitude of improvement in HDL-C levels associated with lifestyle modifications.
Specifically, improvement with exercise may depend on individual CETP and endothelial lipase
genotypes. However, genetic tests for these factors are not currently used in routine practice, and
lifestyle changes as described above should be recommended routinely, both to raise HDL-C
levels and to lower LDL-C levels and improve other cardiovascular risk factors.

Drug Therapy

Pharmacological therapy should be instituted when lifestyle changes are not adequate to achieve
HDL cholesterol goals. The currently available drugs include statins, fibrates and niacin alone or
in combinations. Number of newer agents are being developed to raise HDL which are at
advanced stage of research.

Statins

Statins are preferred first line therapy for patients with dyslipidemia with elevated LDL.

Statins also reduce CAD riskand checks atheromatous progression to a greater extent in patients
with high LDL and Low HDL than those with high LDL and normal HDL possibly as a result of
their pleiotropic effects and capacity to increase HDL modestly (3-10%).*> Mechanism of increase
in HDL by Statins may be an indirect effect of lowering triglycerides. Reducing the number of TG



rich (Apo B containing) acceptor particles results in decreased CETP mediated transfer of
cholesterol out of HDL, thereby increasing plasma HDL-C. Various statins did not differ much in
this regard, however, simvastatin 40 mg produced greater elevation in HDL cholesterol than
atorvatatin 40mg (9.6% vs 4.8% P< 0.05). In a similar study*® rosuvastatin produced slightly more
increase in HDL as compared to other statins.

Patients with hypertriglyceridemia can experience elevations in HDL of upto 18% and 22% by
taking simvastatin®’ and rosuvastatin®® respectively. Statins are extremely safe drugs. Incidence
of significant myopathy is less than 0.1% and is more common in older patients, frail patients,
small frame patients, patients with multisystem disease or in perioperative period, patients on
multiple medications including those on cytochrome P-450 inhibitors, cyclosporines, macrolide
antibiotics and azole antifungals.!4%

Statins are also occasionally associated with slight elevations in liver enzymes, with increase
>3 times the upper limit of normal occurring in 0.5-2% of treated patients.”® More serious
hepatotoxicity is very rare. Active and chronic liver disease is a contraindication to statin

therapy.!!

Niacin

Niacin (nicotinic acid vitamin Bj) is the most effective agent currently available for increasing
HDL cholesterol causing increase of 20-35% and is recommended for the treatment of isolated
low HDL cholesterol. Coronary drugs project demonstrated a significant reduction in the
incidence of death and myocardial infarction after 5 years of niacin treatment among men with a
history MI.

Niacin blocks a hepatic receptor that mediates the holoparticle uptake and catabolism of HDL.
It preferentially increases HDL2 and LPA-1 particles.>" It inhibits lipolysis in adipose tissues and
decreases TG by 20-50%, increases LDL particle size and produces more modest reductions in
LDL (by 5-25%). Niacin therapy is associated with improved endothelial function and no
synthase activity.

Niacin is available in 3 formulations, immediate release, sustained release and extended
release. Out of these, only immediate release and extended release formulations are approved for
treatment of dyslipidemia. In a 1 year study, extended release niacin /lovastatin 2000 mg/40 mg
per day increased HDL-C by 41%, reduced LDL by 45% and reduced TG by 42%.>

Adverse effects with niacin includes flushing, gastrointestinal distress, hyperglycemia,
hyperuricemia and hepatotoxicity. Contraindications include chronic liver disease, gout (niacin
can increase serum uric acid levels by stimulating proximal tubular reuptake), and the peptic
ulcer. Although niacin has been considered relatively contraindicated in diabetics, recent
studies®™>* show that it can be given safely to most patients with appropriate monitoring of
diabetic status. Flushing which is largely mediated by prostaglandins, may be minimized with
the use of an extended release formulation of niacin (not the same as sustained release niacin),
with the concurrent consumption of a low fat snack at bed time, 30 minutes after ingestion of an
aspirin and with a regimen that begins with a low dose (e.g. 500 mg each night) and increases
gradually. Unlike fibrates, statin-niacin combinations do not appear to produce any significant
drug - drug interaction.

Fibrates

Fibrates such as gemfibrozil and fenofibrate raise HDL-C by 10-15% and are best known for their
TG lowering effects. They are recommended for patients whose primary abnormality is elevated
triglycerides and low HDL cholesterol. Fibrates belong to class of PPAR (peroxisome proliferator-
activated receptor) agonists*®>® which are a family of nuclear hormone receptors that are
widespread throughout the body. Fibrates stimulate PPAR alpha in the liver, leading to
expression of multiple genes involved in lipoprotein metabolism resulting in stimulation of



lipoprotien lipase activity. They stimulate Apo A-I and A-II synthesis, decrease synthesis of TG,
and enhance catabolism of TG rich particles.

In two large trials of fibrate therapy, gemfibrozil (1200 mg/day) increased HDL cholesterol by
6%32 whereas bezafibrate (400 mg/day) produced a 14% increase compared with placebo.3*

In patients with combined dyslipidemia, Fibrate-Statin combination therapy can be very
effective to decrease LDL and TG and simultaneous increase in HDL-C.”

Atorvastatin (20 mg/day) and micronized fenofibrate (200 mg /day) administered for
6 months in Type-2 Diabetic population increased HDL cholesterol by 22%, decreased LDL by
46% and decreased TG levels by 50%.%®

No clinical event data are currently available for therapies using statin-fibrate combinations.
ACCORD trial (Action to Control Cardiovascular Risk in Diabetes) is evaluating the effects of
intensive glycemic control, intensive BP control and intensive lipid management with simvastatin
+ fenofibrate on CV risk in adults with type-2 DM.”

Fibrates are contraindicated in severe renal or hepatic disease. The risk of side effects of
combination therapy although marginally higher than that of individual drugs, actually depends
on which fibrate has been used with statin. Gemfibrozil can block the glucuronidation and
elimination of statin, leading to increased serum concentration of statin and increased risk for
toxicit. Fenofibrate does not appear to block the glucuronidation of statins. For this reason,
fenofibrate may be the fibrate of choice when considering combination therapy with statins.®’

Drugs of the Future

Two different approaches are currently under development for raising HDL-C.

The first approach is the development of HDL mimetics. In a direct test of the athero-
protective effects of HDL, patients with established cardiovascular disease were given five
weekly infusions of a complex consisting of Apo Al milano and phospholipids and were
compared with controls by means of intravascular ultrasound to quantitate coronary atheroma.
The total volume of atheroma decreased by 4.2% within 6 weeks.®! Additional approaches to
short term HDL therapy include the infusion of synthetic peptides based on the amphipathic
structure of Apo Al and the reinfusion of autologous delipidated HDL. Detailed data from
clinical trials will now be required in order to establish whether short term therapy consisting of
HDL infusions will provide protection against cardiovascular events.

A second approach to HDL therapy is the development of agents that would increase the
HDL-C levels effectively for a long or indefinite period. The most advanced clinically tested such
agents are CETP inhibitors. CETP mediates the exchange of cholesteryl ester for triglycerides
between HDL and VLDL-LDL and may be proatherogenic if the CETP mediated VLDL-LDL
cholesteryl ester is taken up by arterial macrophages, or may be antiatherogenic if this cholesteryl
ester is returned to the liver through the LDL receptor by means of the pathway of reverse
cholesterol transport that is initiated by HDL.®? The administration of a chemical CETP inhibitor,
JTT 705 to cholesterol fed rabbits resulted in a doubling of the HDL-C levels, a 50% decrease in
the levels of non-HDL cholesterol, and a 70% decrease in atherosclerosis. In contrast, patients in
whom CETP activity is completely absent have large cholesterol enriched, dysfunctional HDL
particles with decreased capacity to remove cellular cholesterol and have been reported to be at
risk for cardiovascular disease. These findings indicate that partial inhibition of CETP may be
atheroprotective but the complete absence of CETP activity can create a proatherogenic lipid
profile.

Brousseau, et al reported in 2004% a single blind study of torcetrapib, a CETP inhibitor, used
alone or in combination with 20 mg of Atorvastatin, on the lipoprotein phenotype in 19 patients
with a low HDL levels. Subjects received torcetrapib for 4 weeks at a dose of 120 mg, either alone
or in combination with atorvastatin, and a subgroup of subjects in the torcetrapib alone group
then received 120 mg of torcetrapib twice daily for an additional 4 weeks. The HDL-C levels
increased by 46% in the group that received torcetrapib alone for 4 weeks, by 61% in the group



that received torcetrapib plus atorvastatin for 4 weeks, and by 106% in the subgroup that
received the additional 4 weeks of torcetrapib treatment, the LDL decreased by 17%, 8% and 17%
in the three group respectively. Torcetrapib therapy was well tolerated, and there was no major
adverse events. Despite the small number of patients, the results suggest that torcetrapib can
effectively increase the HDL-C levels in subjects with low levels; moreover, the addition of statin
to torcetrapib therapy is associated with a further reduction in the LDL-C levels. Future trials on
these drugs will decide the optimum doses and will look for data to prove CV protection.

Other modalities being explored to improve HDL-C are Inhibitors of acyl coenzyme A
cholesterol acyl transferase (ACAT), vaccines against CETP antigens A/8S), drugs that inhibit
HDL-ApoAlI catabolism or the remodeling of HDL particles (e.g., endothelial lipase inhibitors)
A/2, type 1 endocannabinoid receptor antagonists ( Rimonabant), dual PPAR alpha and gamma
agonists and nuclear receptos (e.g., liver X receptor alpha) agonists.”*!°

SUMMARY AND CONCLUSION

Results of statin trials over last two decades have provided irrefutable evidence that lowering
LDL-C levels reduces CV risk by 20-30%. Nevertheless, the residual risk even for those at LDL-C
targets, remains unacceptably high, hence the focus on lipid therapy currently includes managing
other lipid abnormalities.

Low level of HDL-C is an important and independent risk factor for future cardiovascular
events. A comprehensive approach to achieve optimal HDL-C levels (40 mg/dl or more in males
and 50 mg/dl or more in females) should include lifestyle changes, followed by drug therapy in
high risk patients. Of the several drugs available to increase HDL-C, niacin and fibrates have the
greatest effects. Although data are currently lacking to prove that elevating HDL-C with drugs
reduces the incidence of CV events, medication to raise the levels should be considered, once the
target LDL-C has been achieved, in persons who have established atherosclerotic disease or have
major risk factors such as diabetes and in whom HDL-C levels remain low despite lifestyle
modifications. Drugs of the future will take advantage of evolving knowledge about HDL
metabolism and may have a role in the short term management of acute coronary syndromes in
addition to long term preventive effect on CHD.

REFERENCES

1. Maron DJ. The epidemiology of HDL-C in patients with and without CAD. Am ] Cardiol 2000; 86 (12A);11-4L.

2. Morgan], Carey C, Lincoff A, et al. HDL subfractions and risk of CAD. Curr Atheroscler Rep 2004;6(5):359-65.

3. Castelli WP, et al. Incidence of coronary heart disease and lipoprotein cholesterol levels;the Framingham study.
JAMA1986;256:2835-8.

4. Castelli WP. Cholesterol and lipids in the risk of Coronary artery disease-the Framingham Heart Study. Can ]
Cardiol 1988; 4(suppl A) 5A-10A.

5. Toth PP. Reverse cholesterol transport: High-density lipoprotein’s magnificent mile. Curr Atheroscler Rep
2003;5:386-93.

6. Toth PP, Davidson MH. Therapeutic interventions targeted at the augmentation of reverse cholesterol transport.
Curr Opin Cardiol 2004;19:374-9.

7. de Grooth GJ, Kuivenhoven JA, Stalenhoef AFH, de Graaf J. Zwin-derman AH, Posma JL, Van Tol A, Kastelein ]JJ.
Efficacy and safety of a novel cholesteryl ester transfer protein inhibitor. JTT-705, in humans: A randomized phase II
dose-response study. Circulation 2002;105:2159-65.

8. Bays H, Stein EA. Pharmacotherapy for dyslipidemia—Current therapies and future agents. Expert opin
pharmacother 2003;4(11):1901-38.

9. Skrumsager BK, Nielsen KK, Muller M, Pabst G, Drake PG, Edsberg B. Ragaglitazar: The pharmacokinetics,
pharmacodynamics, tolerability of a novel dual PAPR a and y agonist subjects and patients with type 2 diabetes. ]
Clin Pharmacol 2003;43:1244-56.

10. Sparrow CP, Baffic ], Lam M-H, Lund EG, Adams AD, Fu X, Hayes N, Jones AB, Macnaul KL, Ondeyka J, et al. A
potent synthetic LXR agonist is more effective than cholesterol loading at inducing ABCA-mRNA and stimulating
cholesterol efflux. ] Biol Chem 2002;277:10021-27.

11. Expert panel on detection, evaluation, and treatment of high blood cholesterol in adults (Adult Treatment Panel III).
Third report of the National Cholesterol Education Program (NCEP) Expert panel on detection, evaluation, and
treatment of high blood cholesterol in adults (Adult Treatment Panel III) final. Circulation 2002;106:3143-3421.



12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.
36.

37.

Goldbourt U, Yaari JS, Madalie JH. Isolated low HDL cholesterol as a risk factor for coronary artery disease
mortality: A 21-years follow-up of 8,000 men. Arterioscle Thromb Vasc Biol 1997;17: 107-113.

Stampfer MJ, Sacks FM, Salvin S, Willett WC, Hennekens CH. A Prospective study of cholesterol, apolipoproteins,
and the risk of myocardial infarction. N Engl ] Med 1991,325:373-81.

Shai I, Rimm EB, Hankison SE, Curhan G, Manson JE, Rifai N, Stampfer MJ, Ma ]. Multivariate assessment of lipid
parameters as predictors of coronary heart disease among postmenopausal women: Potential implications for
clinical guidelines. Circulation 2004;110:2824-30.

Weverling-Rijnsburger AWE, Jonkers IJA, van Exel E, Gusseklao ], Westendorp RG. High-density vs low-density
lipoprotein cholesterol as the risk factors for coronary artery disease and stroke in old age. Arch Intern Med
2003;136:1544-49.

Shah P. Amin J. Low high-density lipoprotein level is associated with increased restenosis rate after coronary
angioplasty. Circulation 1992;85:1279-85.

Burke AP, Farb A, Malcom GT, Liang Y, Smialek JE, Virmani R. Plaque rupture and sudden death related to
exertion in men with coronary artery disease. JAMA 1999;281:921-6.

Genest ] Jr, McNamara JR, Ordovas JM, Jenner JL, Silberman SR, Anderson KM, Wilson PW, Salem DN, Schaefer E]J.
Lipoprotein cholesterol, apolipoprotein A-1 and B and lipoprotein (a) abnormalities in men with premature
coronary artery disease. ] Am Coll Cardiol 1992;19:792-802.

Robins HB, Robin SJ, Collins D, Iranmanesh A, Wilt T], Mann D, Mayo-Smith M, Faas FH, Elam MB, Rutan GH, et
al. Distribution of lipids in 8,500 men with coronary artery disease. Am ] Cardiol 1995;75:1196-1201.

American Heart Association, American Stroke Association. Heart Disease and Stroke Statistics-2004 Update.
Available at: http:/ /www.americanheart.org/downloadable/heart/1072969766940HSStats2004

Davidson MH, Toth PP. Comparative effects of lipid-lowering therapies. Prog Cardiovasc Dis 2004;47:73-104.
Turner RC, Millns H, Neil HAW, Stratton IM, Manley SE, Matthews DR, Holman RR. Risk factors for coronary
artery disease in non-insulin dependent diabetes mellitus: United Kingdom Prospective Diabetes study (UKPDS:
23). BJM 1998;316:823-828.

Aviram M, Hardak E, Vaya ], Mahmood S, Milo S, Hoffman A, Billicke S, Draganov D, Rosenblatt M. Human serum
paraoxonases (PONI) Q and R selectively decrease lipid peroxides in human coronary and carotid atherosclerotic
lesions. Circulation 2001;2510-7.

Nofer JR, Walter M. Kehrel B, Wierwille S, Tepel M, Seedort U, Assmann G. HDL3-mediated inhibition of
thrombin-induced platelet aggregation and fibrinogen binding occurs via decreased production of
phosphoinositide-derived second messengers 1.2-diacylglycerol and inositol 1.45-tris-phophate. Arterioscle Thromb
Vasc Biol 1998; 18:861-9.

Barter PJ. Inhibition of endothelial cell adhesion molecule expression by high density lipoproteins. Clin Exp
Pharmacol Physiol 1997,24:286-7.

Li X-P, Zhao S-P, Zhang XY, Liu L, Gao M, Zhou Q-C. Protective effect of high density lipoprotein on endothelium-
dependent vasodilatation. Int J] Cardiol 2002;73:231-6.

Lekvau B, Hermann S, Theilmeier G, van der Giet N, Chun ], Schober O, Schafers M. High-density lipoprotein
stimulates myocardial perfusion in vivo. Circulation 2004;110:3355-9.

Vinals M. Martinez-Gonzalez ], Badimon L. Regulatory effects of HDL on smooth muscle cell prostacyclin release.
Arterioscler Thromb Vasc Biol 1999;19:2405-11.

Nofer JR, Levkau B, Wolinska I, Junker R, Fobker M, von Eckardstein A, Seedorf V, Assmann G. Suppression of
endothelial cell apoptosis by high density lipoproteins (HDL) and HDL-associated lysosphingo-lipids. J Biol Chem
2001;276:34480-5.

Gordon DJ, Probstfied JL, Garrison R], Neaton JD, Castelli WP, Knoke JD, Jacobs DR Jr, Bangdiwala S, Tyroler HA.
High-density lipoprotein cholesterol and cardiovascular disease: Four prospective American studies. Circulation
1989;79:8-15.

Frick MH, Elo O, Haapa K, Heinonen OP, Heisalmi P, Helo P, Huttunen JK, Kaitaniemi P, Koskinen P, Manninen V,
et al. Helsinki Heart study: Primary-prevention trial with gemfibrozil in middle-aged men with dyslipidemia.
Safety of treatment, changes in risk factors and incidence of coronary heart disease. N Engl ] Med 1987,317: 1237-45.
Rubins HB, Robins SJ, Collins D, Fye CL, Anderson JW, Elam MB, Faas FH, Linares E, Schaefer E]J, Schectman G,
Wilt TJ, Wittes J. Gemfibrozil for the secondary prevention of coronary heart disease in men with low levels of high-
density lipoprotein cholesterol. N Engl ] Med 1999;341:410-18.

Robins SJ, Collins D, Wittes JT, Papademetriou V, Deedwania PC, Schaefer EJ, McNamara JR, Kashyap ML,
Hershman JM, Wexler LF, Rubins HB. VA-HIT Study Group. Vetarans Affairs High-Density Lipoprotein
Intervention Trial. Relation of gemfibrozil treatment and lipid levels with major coronary events. VA-HIT: A
randomized controlled trial. JAMA 2001,285:1585-91.

BIP Study Group. Secondary prevention by raising HDL cholesterol and reducing triglycerides in patients with
coronary artery disease: The Bezafibrate Infarction Prevention (BIP) study. Circulation 2000;102:21-27.

The Coronary Drug Project Research Group. Clofibrate and niacin in coronary heart disease. JAMA 1975;231:360-81.
Canner PL, Berge KG, Wenger NK, Stamler ], Friedman L,. Prineas R], Friedewald W. Fifteen year mortality in
Coronary Drug Project patients: Long-term benefit with niacin. ] Am Coll Cardiol 1986,8:1245-55.

Brown BG, Zhao XQ, Chait A, Fisher LD, Cheung MC, Morse JS, Dowdy AA, Marino EK, Balson EL, Alaupovic P,
Frohlich ], Albers JJ. Simvastatin and niacin, antioxidant vitamins, or the combonation for the prevention of
coronary disease. N Engl ] Med 2000,345:1583-92.




38.

39.

40.

41.

42.

43.
44.

45.

46.

47.
48.

49.
50.

51.

52.

53.

54.

55.

56.

57.

58.

59.
60.

61.

62.

63.

Taylor AJ, Sullenberger LE, Lee HJ, Lee JK. Arterial Biology for the Investigation of the Treatment of the Effects of
Reducing Cholesterol (ARBITER) 2: A double-blind. Placebo-controlled study of extended-release niacin on
atheroclerosis progression in secondary prevention patients treated with statins [erratum in: Circulation 2004; 110:
3615]. Circulation 2004;110:3512-7.

Nissen SE, Tsunoda T, Tuzcu EM, Echoenhagen P, Cooper CJ, Yasin M, Eaton GM, Nauer MA, Sheldon WS, Grines
CL, et al. Effect of recombinant AproA-I Milono on Coronary atherosclerosis in patients with acute coronary
syndrome: A randomized controlled trial. JAMA 2003,290: 2292-2300.

Sacks FM. The role of high-density lipoprotein (HDL) cholesterol in recommendations. Am ] Cardiol 2002;90:139-43.
Mosca L, Appel L], Benjamin EJ, Berra K. Chandea-Strobos N. Fabunmi RP, Grady D. Haan CK, Hayes SN. Judelson
DR. et al. Evidence-based guidelines for cardiovascular disease prevention in women. Circulation 2004;109:672-93.
American Diabetes Association. Dyslipidemia management in adults with diabetes. Diabetes care 2004;27(Suppl I
):S68-S71.

Ginsberg HN. Nonpharmacological management of low levels of HDL-C. Am ] Cardiol 2000;86: 41L-45L.

Dewalilly E, Blanchet C, Gingras S, Lemieux S, Holub B]J. Fish consumption and blood lipids in three ethnic groups
of Quebec (Canada). Lipids 2003,38:356-65.

Jones P, Kafonec S, Laurora I, Hunninghake D, for the CURVES investigators. Comparative dose efficacy study of
atorvastatin vs simvastatin, pravastatin, lovastatin, and fluvastatin in patients with hypercholesterolemia (the
CURVES study). Am J Cardiol 1998;81:582-7.

Jones PH et al STELLAR Study group.Comparison of the efficacy and safety of rosuvastatin vs atorvastatin,
simvastatin, and pravastatin across doses (STELLAR trial). Am ] Cardiol 2003;92: 152-60.

Crouse JR, et al, Effects of high doses of simvastatin and atorvastatin on HDL-C and Apo Al JACC 1999;83:1476-7.
Hunninghaake DB, et al. Rosuvastatin improves the atherogenic and atheroprotective lipid profiles of in patients
with hypertriglyceridemia. Corn Artery Dis 2004;15:115-23.

Pasternak, et al. ACC/AHA/NHLBI clinical advisory on the use and safety of statins. JACC 2002;40:567-72.
Davidson MH, Toth PP. Comparative effects of lipid lowering therapies. Progress in Cardiovascular Disease
2004;47:73-104.

Kashyap ML, Tavintharan S, Kamanna VS. Optimal therapy of low levels of high density piloprotein-cholesterol.
Am | Cardiovasc Drugs 2003;3(1):53-65.

Advicor (niacin extended-release and lovastatin tablets) [prescribing information]. Physicians” Desk Reference (58th
edn). Nash SD, Montvale, NJ: Thomson PDR, 2004: 1792-1797.

Elam MB, et al. Effect of niacin on lipid and lipoprotein levels and glycemic control in patients with diabetes and
peripheral arterial disease. The ADMIT study, a randomized trial. JAMA 2000; 284:1263-1270.

Grundy SM, et al. Efficacy safety and tolerability of once daily niacin for the treatment of dyslipidemia associated
with type 2 diabetes mellitus. Arch Intern Med 2002;162:1568-76.

Sacks FM; Expert Group on HDL cholesterol. The role of high-density lipoprotein (HDL) cholesterol in the
prevention and treatment of Coronary heart disease: expent group recommendations. Am J Cardiol 2002;90(2):139-
43.

Kashyap ML, Tavintharan S, Kamanna VS. Optimal therapy of low levels of high density piloprotein-cholesterol.
Am ] Cardiovasc Drugs 2003;3(1):53-65.

Athyros VG, et al. Atorvastatin vs four statin fibrate combination in patients with familial combined
hyperlipidemia. ] Cardiovascular Risk 2002;9:33-39.

Athyros VG, et al. Atorvastatin and micronized Fenofibrate alone and in combination in type-2 diabetes with
combined hyperlipidemia. Diabetes Care 2002;25:1198-1202.

ACCORD trial. Protocol abstract November 14, 2002, Available at www.accordtrial.org/public/frames.cfm
Prueksaritanont T, et al. Mechanistic studies on metabolic interactions between gemfibrozil and statins. ] Phamacol
Exp Ther 2002;301:1042-51.

Nissen SE, et al. Effect of recombinant ApoAl Milano on coronary atherosclerosis in patients with acute coronary
syndromes: A randomized controlled trial. JAMA 2003;290:2292-2300.

Barter PJ, et al. CETP, A novel target for raising HDL and inhibiting atherosclerosis. Arterioscler Thromb Vasc Biol
2003;23:160-7.

Brousseau ME, et al. Effects of an inhibitor of CETP on HDL cholesterol. NEJM 2004; 350: 1505-1515.




