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What do ATP III guidelines say in regards to HDL specifically? 

True or False?  All statins minimally elevate HDL to the same degree? 

What are PRIMARY causes of low HDL?...What are SECONDARY causes of low HDL? 

True or False?  Flushing from niacin CAN be prevented, but NOT acutely relieved? 

True or False?  Tolerance to flushing from niacin develops over time? 

True or False?  Niacin should NOT be used in diabetics due to plasma glucose increases? 

At what dose is Niaspan® ER most effective?  Any significant benefit in dosing beyond 500 mg/day? 

What are some cost-effectiveness considerations in regards to HDL elevation? 

How significant is the benefit of exercise in regards to HDL elevation? 

True or False?  The goal HDL for both men and women is >40 mg/dL? 

²Ƙŀǘ ƛǎ ƳŜŀƴǘ ōȅ ΨŦǳƴŎǘƛƻƴŀƭ I5[ΩΚ...What about Pro-Inflammatory HDL? 

What are the proposed benefits (direct or indirect) of HDL? 

What is the current status of the CETP inhibitors drug class? (i.e.,Torcetrapib from Pfizer) 

Do HDL and C-Reactive Protein (CRP) have any significant relationship? 

Does residual cardiovascular risk exist if HDL is not at goal even if LDL-C is below 70 mg/dL? 
 
 

Highlights: The Quick Read Information 
 

 Statins have variable and limited efficacy in elevating HDL, ranging from increases of 2 ς 16% 
o The most effective HDL elevating statins appear to be Crestor® (rosuvastatin) and Zocor (simvastatin) 

 The most potent HDL elevating monotherapy is niacin (Niaspan® ER), 2000mg providing up to 35% HDL increase in naïve patients. 
o Dose should be titrated as 500 mg/day only provides an expected increase of about 9 ς 15% 
o In addition, it make take 12 ς 18 months before maximal lipid benefit from niacin is observed 

 The least potent HDL elevating monotherapy (among typical cholesterol medications) are Bile Acid Resins and Zetia® (ezetimibe). 

 Per ATP III, high HDL (>60 mg/dL) removes 1 risk factor, it does NOT offset high LDL. 

 ATP III does NOT account for differences in HDL levels between men and women 

 Framingham and other studies suggest that for every decrease of 1 mg/dL in HDL; increase of 2 ς 3% in risk of CHD 

 Reduced level of HDL (<40 mg/dL in men, <50 mg/dL in women) found to be an independent predictive risk factor for CAD, even in 
statin-treated patients, irrespective of their LDL-C levels. 

 In the Coronary Drug Project, a significant (p=0.0012) 11% reduction in total mortality in patients treated with nicotinic acid 
compared with placebo.  This present after 15 years of follow-up (only first 6 years were active follow up) all BEFORE statins 
available (1966 ς 1975). 

 Extensive data from clinical trials and post-marketing safety surveillance indicated a very low incidence (<1%) of elevated LFTs 
with prolonged release niacin (Niaspan®ER), when given either alone or in combination with statins and NO increase in incidence 
of myopathy (when used in combination w/statin) compared with statin alone. 

 Tolerance to flushing due to niacin DOES develop over time.  In addition it CAN be acutely relieved with analgesic doses of NSAIDs. 

 5ƻ bh¢ ǳǘƛƭƛȊŜ ǇǊƻŘǳŎǘ ŎŀƭƭŜŘ ΨŦƭǳǎƘƭŜǎǎΩ ƴƛŀŎƛƴ όƛƴƻǎƛǘƻƭ ƘŜȄŀƴƛŎƻǘƛƴŀǘŜύΣ ŀǎ ƛǘ ŘƻŜǎ bh¢ Ŏƻƴǘŀƛƴ ŀƴȅ ŦǊŜŜ ƴƛŀŎƛƴ  

 In the STRRIDE trial, HDL increased 4 mg/dL w/intense AND frequent exercise vs. +0.7 mg/dL in low intensity AND low frequency  

 Per AACE, άniacin therapy is safe and effective in this patient population [diabetes mellitus]έ. 

 Beta-blockers have been shown to significantly decrease HDL levels by about 4 ς 5 mg/dL. 

Including Niacin And Other Drugs With A Significant Impact on HDL  

Statin Review Part II ï HDL Focus  



Mechanism of Action:  Statins inhibit endogenous cholesterol synthesis through selective, competitive inhibition of HMG-
CoAReductase, the enzyme responsible for the conversion of HMG-CoA to mevalonate, a precursor of cholesterol.  
Statins also lead to an up-regulation of LDL receptors on hepatic cells, which causes increased hepatic uptake of 
cholesterol from the circulation, ultimately reducing levels of circulating cholesterol. 

       

Generic  

Name 

Generic 

Available? 

Brand 

Name® 

Available 

Strengths (mg) 

Half ï Life 

(hrs) 

IHA Tier  Tablet  

Splitting? 

atorvastatin N Lipitor® 10, 20, 40, 80 14 2nd Yes 

fluvastatin N Lescol® 20, 40 < 3  3rd N 

fluvastatin XL N Lescol XL® 80 ~ 9 3rd N (canôt) 

lovastatin Yes Mevacor® 10, 20, 40 0.5 ï 2.3 Generic-1st  Yes 

lovastatin ER N Altoprev® 20, 40, 60 4.7 3rd N (canôt) 

Pitavastatin NDA submit  1, 2, 4 11   

pravastatin Yes Pravachol® 10, 20, 40, 80 2.6 ï 3.2, 
metab ~ 77 

Generic-1st Yes 

rosuvastatin N Crestor® 5, 10, 20, 40 19 ï 20.8 2nd (Jan ô09) N 

simvastatin Yes Zocor® 5, 10, 20, 40, 80 4.2 ï 4.9 Generic-1st Yes  
 

Combination Products 

amlodipine/atorvastatin N Caduet® Numerous 30-50 / 14 3rd N 

niacin ER/lovastatin N Advicor® 500/20, 750/20, 1000/20, 
1000/40 

4.5 ï 2.3 3rd N (canôt) 

niacin ER/simvastatin N Simcor® 500/20, 750/20, 1000/20 4.2 ï 4.9  2nd N (canôt) 

ezetimibe/simvastatin N Vytorin® 10/10, 10/20, 10/40, 10/80 22 / 4.2 ï 4.9 2nd N 

Tablet Splitting Program :[Details on copay and qty/day supply to write rx for]  
IHA  ï 1 copay for a 2 month supply, Rx written as #30 for a 60 day supply  

 

óStatinô Equipotent Dosing 
LDL 
Reduction 

Lovastatin 
(Mevacor® ) 

LovastatinER 
(Altoprev® ) 

Pravastatin 
(Pravachol® ) 

Fluvastatin 
(Lescol,LescolXL®) 

Simvastatin 
(Zocor® ) 

Atorvastatin 
(Lipitor® ) 

Rosuvastatin 
(Crestor® ) 

Pitavastatin 

25 ï 30% 
20mg 

 
20mg 20mg 40mg 10mg   

 

30 ï 40% 

40-80mg 
Advicor 

1000/20mg-
1500/40mg 

40mg 40 ï 80mg 80mg XL 20mg 10mg  

1mg 

40 ï 45% 
Advicor 

2000/40mg 
60mg   

40mg or 
Vytorin 10/10mg 

20mg 5mg 
2mg 

45 ï 50% 
Note:  

Adding Zetia to any statin generally  
decreases LDLup to an additional15% 

 

Adding Niacin to any statin WILL provide variable 
additional LDL lowering, most of benefit from  

elevating HDL and decreasing TGs 

80mg or 
Vytorin 10/20mg 

40mg 10mg 
4mg 

50 ï 55% 
 

Vytorin 10/40mg 80mg 20mg 
 

>55% 
 

Vytorin 10/80mg  40mg 
 

Dose Adjustments with Renal Dysfunction ; Adjust for Reduced GFR (mL/min/1.73m2) 
 60-90 15-59 <15 

Atorvastatin (Lipitor) No adjustment No adjustment No adjustment 
Pravastatin (Pravachol) No adjustment No adjustment No adjustment 
Simvastatin (Zocor) No adjustment Per product package insert; start at 5mg and monitor, NKF = unknown 

Lovastatin (Mevacor) No adjustment Reduce dose by 50% in patients with GFR < mL/min/1.73m2 

Fluvastatin (Lescol) No adjustment Per product package insert; Not tested in doses >40mg/day in severe renal impairment, 
NKF = unknown 

Rosuvastatin (Crestor) No adjustment Per package insert; starting dose 5mg/d and NOT to exceed 10mg/d in patients with 
CrCl<30 mL/min/1.73m2 

Pitavastatin   
NKF Guidelines: http://www.kidney.org/professionals/kdoqi/guidelines_lipids/iii.htm#guide4 

http://www.kidney.org/professionals/kdoqi/guidelines_lipids/iii.htm#guide4


Typical Cholesterol Medications (RX only) 

Drug Class 

 

Drug Name IHA Tier 

Info 

% HDL  

Increase 

Notes 

Nicotinic 

Acid 

 

Niaspan® ER  500mg (tab) qhs 
1000mg (tab) qhs 
1500mg (dose) qhs 
2000mg (dose) qhs 

2 + 10% 
+ 15% 
+ 22 to 26% 
+ 30 to 35% 

Most effective agent to increase HDL-C, not only 
ŷ HDL but preferentially ŷlarger more buoyant 

HDL w/ ApoAI. Also, when added to statin, 
favorably alters LDL particle distribution. 

Combo Niacin ER /Lovastatin (Advicor®) 
 
Niacin ER/Simvastatin (Simcor®) 

3 
 

2 

+20 to 33% up to 
41% (after 52 wks) 
+ 41% 

Combines powerful LDL lowering and most 
effective HDL raiser. 

Fibrates 

*Gemfibrozil 600mg bid 
 
*Fenofibrate ï 48 to 200mg qd 

Generic-1st 
 
Generic-1st 

+ 6 to 20% 
 
+2 to 19% 

FIELD study showed only 2% ŷ in HDL 

fenofibrate monotherapy. ACCORD trial - 
statin/fibrate combo any better than either alone 

Statins 

 

 

 

 

 

Rosuvastatin (Crestor®) qd 
 

*Simvastatin (Zocor®) qhs 
 

*Pravastatin (Pravachol®) qd 
 

*Lovastatin (Mevacor®) qhs 
 

Atorvastatin (Lipitor®) qd 
 

Fluvastatin (Lescol XL®) qhs 

2 (Jan õ09) 
 

Generic-1st  

 

Generic-1st  

 

Generic-1st  
 

2 
 

3  

+ 8 to 10% 
 

+ 5 to 10% 
 

+ 3 to 10% 
 

+ 5 to 8% 
 

+ 2 to 6% 
 

+ 3 to 6% 

Major mechanism is LDL lowering, making it 
difficult for trials to tease out benefit due to any 
HDL increase. Rosuvastatin and Simvastatin 
generally considered most effective at raising 
HDL 

Bile Acid 

Resins 

 

*Cholestyramine (Questran®) 
 
Colestipol (Colestid®) 
 
Colesevelam (Welchol®) 

Generic-1st  

 
Generic-1st  

 
2 

+ 3 to 5% 
 
+ 3 to 5% 
 
+ 3 to 5% 

Increase intestinal production of ApoAI but effect 
on HDL negligible compared to effects on LDL.  
many GI effects, frequent dosing, drug 
interactions 

Ezetimibe 

 

Ezetimibe (Zetia®) 10mg qd 2 + 1 to 5% Effect on HDL negligible compared to LDL, few 
side effects, few drug interactions 

Omega-3ôs 

(Rx only) 

 

Lovaza® 1 gram two bid 2  + 9.1% Primarily for TG lowering, modest HDL increase 
in combo w/statin (minimal LDL increase) 

Other Drugs That Increase HDL (not indicated for cholesterol therapy) 

TZDs Pioglitazone (Actos®) qd 
 

Rosiglitazone (Avandia®) qd 

2  + 5  to 13% 
 

No trials showing impact on hard endpoints such 
as mortality. Rosiglitazone can raise LDL! 
Pioglitazonealso lowers TGs as well. 

SERMs Raloxifene (Evista®) qd 2 - 2% to +14% RUTH trial evaluating 10,101 post-menopausal 
women at high CHD risk for cardioprotection 
(w/raloxifene) 

HRT  

(estrogen 

only) 

*Estradiol and various estrogens Generic-1st  
 

+ 7 to 13% Raises HDL and lowers LDL, However, WHI 
showed increased cardiovascular complications 

Phenytoin *Phenytoin (Dilantin®) Generic-1st  
 

+ 10 to 13% Anticonvulsant, drug interactions, many serious 
adverse effects. Interesting to note that in a 
onestudy it reduced aortic atherosclerosis 

OTC Products and NON-RX Methods to Increase HDL 

Omega-3ôs 

(OTC) 
Various products with varying 
Amounts of EPA and DHA  

Not covered 
OTC 

Variable increase Canôt be certain of EPA and DHA content, 
Lovaza much more potent and FDA approved 

EtOH Moderate amount, especially 
Red wine 

N/A + 7 to 12% Not a routine recommendation. Increases 
availability of ApoA-I, stimulates cellular 
cholesterol efflux.  AHA does not recommend 
EtOH for cardiovascular reasons. 

Exercise VERY intense ï 90kg subject  
jogging for 20miles/wk at 65 to 
80% of peak O2 consumption 

FREE !!! + 4 mg/dL  
 about 10% 

Only limited benefit from VERY intense, VERY 
frequent exercise 



Points of Interest 
HDL Terminology Updates 

ApoA1 - Apolipoprotein A-I, the main protein in HDL that accounts for about 70% of the total HDL protein. 
Atheroprotective lipoprotein; important function in promoting the efflux of cholesterol from cells, and has anti-oxidant 
and anti-inflammatory properties. 

ApoA1 milano - A variant of apoA-I with potent cholesterol efflux capacity. 

ApoB - Apolipoprotein B-100, major lipoprotein of LDL, IDL and VLDL (all atherogenic cholesterol) 

Lipoprotein (a) - A genetic variant of low-density lipoprotein. An increased level is associated with increased risk of heart 
disease. 

CETP - Cholesterol ester transfer protein, facilitates net transfer of cholesterol esters from HDL to TGRLPs and reciprocal 
transfer of TGs from VLDL to LDL and HDL 

SR-B1 - Scavenger receptor B1, an HDL receptor present mainly in the liver (as well as extraheptic tissue), that promotes 
selective uptake of HDL cholesterol. 

ABCA1 - ATP-binding cassette A1 transporter. It is a cell membrane transporter that exports cholesterol and phospholipids 
from cells onto lipid poor apolipoproteins that are the precursors for HDL particles.  It is important to note that ABCA1 
requires poorly lipidatedapolipoproteins to promote cholesterol efflux, and that processes favoring the incorporation of 
lipid-free apolipoproteins into HDL or other lipoproteins will inhibit cholesterol efflux by this pathway. 

 Mutations in ABCA1 cause severe HDL deficiency characterized by deposition of cholesterol in tissue 
macrophages and prevalent CVD. 

LCAT - Lecithin:cholesterolacyltransferase; an enzyme that catalyses the esterification of cholesterol in HDL, and accounts 
for most of the cholesteryl esters that circulate in the plasma. Plays a major role in the metabolism & remodeling of HDL. 

LXR ς Liver X receptors.  LXR alpha and LXR beta are master regulators of whole-body cholesterol homeostasis, 
intermediary metabolism and energy balance, and the integration of metabolic and inflammatory signaling.  Each are 
equally effective in promoting reverse cholesterol transport from macrophages; they activate members of the ABC 
superfamily of membrane transporters (i.e., ABCA1, ABCG1), which transfer cholesterol to HDL particles. 

Beta-glucans- These compounds are a form of a dietetic hydrosoluble fiber.  They are polysaccharides that are found in 
yeast, oat and barley as well as in some medicinal mushrooms.  They have demonstrated a significant 30% increase in HDL 
with addition of beta-glucans to the diet2.  The effects on HDL are dose-dependent and evidence in very early stages. 

What do ATP III guidelines say in regards to HDL specifically? [Link]      Back to Top 

 High HDL (>60 mg/dL) removes 1 risk factor, however, it does NOT offset high LDL 

 It treats men the same as women (though do mention possible difference) 

 ά{ǳƎƎŜǎǘƛǾŜ ŜǾƛŘŜƴŎŜέ ǘƘŀǘ ŜƭŜǾŀǘƛƴƎ I5[ ŘŜŎǊŜŀǎŜǎ CHD risk 

 ά¦ƴŎŜǊǘŀƛƴ ǿƘŜǘƘŜǊ increased HDL, independent of other changes in lipid and/or nonlipid risk factors will decrease 
/I5 Ǌƛǎƪέ 

 However, nondrug and drug therapies that raise HDL-cholesterol levels and are part of management of other lipid 
and non-lipid risk factors should be encouraged. 

2004 ATP III Update [Link] 

 άAlthough the potential benefit of HDL-raising therapy has evoked considerable interest, current documentation 
of risk reduction through controlled clinical trials is not sufficient to warrant setting a specific goal value for raising 
HDL-C. Recent lipid-lowering drug trials provide no new evidence in this regard.έ 

 άPost-hoc analysis of several clinical trials with fibrates indicates that they reduce risk forCHD events in patients 
with high triglycerides and lowHDL-C, especially when the patients have diabetes or characteristics of the 
metabolic syndrome.έ 

 άSeveral clinical trials support the efficacy of nicotinic acid for reduction of CHD risk, both when used alone and in 
combination with statins.έ 

 ά!ƴȅ ǇŜǊson at high risk or moderately high risk who has lifestyle-related risk factors (eg, obesity, physical 
inactivity, elevated triglyceride, low HDL-C, or metabolic syndrome) is a candidate for TLC to modify these risk 
factors regardless of LDL-C levelΦέ 

http://www.nhlbi.nih.gov/guidelines/cholesterol/atp3full.pdf
http://www.nhlbi.nih.gov/guidelines/cholesterol/atp3upd04.pdf


 
True or False?  All statins minimally elevate HDL to the same degree?     Back to Top 

False.  Statins, as a class, are limited in their ability to elevate HDL.  Prospective statin comparison studies such as STELLAR 
and CURVES indicate that rosuvastatin and simvastatin are generally the most potent in regards to HDL elevation 
compared with other statins.   

 See comparative chart above [Link] 

Note:  A recent meta-analysis published in Lancet from the Cholesterol Treatment Trialists (CTT) Collaborators found that 
diabetes patients (18,686 in 14 randomized controlled trials) with a low level of HDL cholesterol remain at increased 
cardiovascular risk, despite statin therapy7.  Vascular event rates were 50% higher in statin patients with low HDL.

What are PRIMARYcauses of low HDL?      Back to Top 

 ApoA1:  
o Complete deficiency 
o ApoA1-mutations (ie.milano)  

 LCAT:  
o Complete deficiency 
o Partial LCAT deficiency (fish-eye disease)  

 ABC1:  
o Tangier disease (homo/heterozygous) 
o Familial hypoalphalipoproteinemia 

 Unknown generic etiology:  
o Metabolic syndrome 
o Combined hyperlipidemia w/ low HDL  

What are SECONDARYcauses of low HDL?Back to Top 

 Elevated serum TGs  

 Overweight and obesity (visceral fat)  

 Physical inactivity 

 Cigarette smoking  

 Very-low-fat diet, very-high-carbohydrate 
intakes (>60% of total energy intake) 

o i.e., among vegetarians 

 Type II DM  

 Beta-blockers (much of data from atenolol)  

 Androgenic steroids, Androgenic progestins 

Pharm.D. Interpretation: 
!¢t LLL ǿŀǎ ƭŀǎǘ ǳǇŘŀǘŜŘ ƛƴ нллпΦ  !ǘ ǘƘŀǘ ǘƛƳŜ ǘƘŜ ŀǳǘƘƻǊǎ Řƻ ŀŎƪƴƻǿƭŜŘƎŜ ǘƘŀǘ άǎǳƎƎŜǎǘƛǾŜ ŜǾƛŘŜƴŎŜέ ǘƘŀǘ ŜƭŜǾŀǘƛƴƎ I5[ 
decreases CHD risk and that potential benefit of HDL-raising therapy evoked considerable interest.  In addition, the authors 
seem to feel the difference in regards to sufficient HDL levels between men and women is fairly insignificant.  Furthermore, 
in apparent disagreement (or via incomplete analysis?), ATP III indicates that high HDL (>60 mg/dL, with no designation 
ōŜǘǿŜŜƴ ƳŜƴ ŀƴŘ ǿƻƳŜƴύ ƛǎ ōŜƴŜŦƛŎƛŀƭ ŀƴŘ ƛƴŘƛŎŀǘŜǎ ǘƘŀǘ ƛǘǎ ǇǊŜǎŜƴŎŜ ǊŜƳƻǾŜǎ ƻƴŜ Ǌƛǎƪ ŦŀŎǘƻǊΦ  ²ƘŀǘΩǎ ƳƻǊŜΣ !¢t LLL ǎǘŀǘŜǎ 
that TLC to modify low HDL (among other factors) should be utilized to modify this risk factor regardless of LDL level.  Yet, 
ATP III falls completely short of providing even remotely as strong a recommendation to treat patients with pharmacologic 
measures proven to significantly modify low HDL (among other factors).   

 The last 4 words of this 2004 update statement όάǊŜƳƻǾŜǎ ƻƴŜ Ǌƛǎƪ ŦŀŎǘƻǊέύ ŀǊŜ ƛƴ ŎƻƳǇƭŜǘŜ ŎƻƴǘǊŀŘƛŎǘƛƻƴ ǘƻ !¢t LLLΩǎ 
ǎǘŀǘŜƳŜƴǘ ǘƘŀǘ ƛǘΩǎ ǳƴŎŜǊǘŀƛƴ ǿƘŜǘƘŜǊ ƛƴŎǊŜŀǎŜŘ I5[Σ ƛƴŘŜǇŜƴŘŜƴǘ ƻŦ ƻǘƘŜǊ ŎƘŀƴƎŜǎ ƛƴ ƭƛǇƛŘ ŀƴŘκƻǊ ƴƻƴ ƭƛǇƛŘ Ǌƛǎƪ 
factors will decrease CHD risk.   

 e.g., I would argue that ATP III is inconsistent in its recommendations regarding HDL, as far as acceptable levels as 
well as therapy targeting HDL. 

Numerous clinical trials and analyses of varying design and size have supported that the benefits from HDL are indeed 
independent from the benefits of lower LDL and in fact, are additive.  In addition, data indicating clear differences between 
acceptable HDL levels in men versus women have been present since before ATP III 2004 update and continue to emerge.   

 The very notion that a difference in acceptable HDL levels between men and women presents a limitation, or need 
to re-assess, numerous studies evaluating benefit of HDL targeting therapies.  General expert consensus indicates 
that acceptable HDL-C levels are >40 -45 mg/dL in men and >50 ς 55 mg/dL in women.   

 This means that a 10 point (~20-25%) difference exists between men and women.  Thus, studies setting an arbitrary 
HDL target of >40 mg/dL to assess benefit likely greatly underestimates benefit for women and possibly for men (if 
more accurate number turns out to be >45 mg/dL).   

 Further complicating matters, in many early HDL targeting studiesHDL-C goal was much lower, typically 35 mg/dL. 

 What does appear certain is that low HDL carries significant risk, regardless of LDL-C level and vice versa. 

Clarification of HDL, as well as LDL, targets will likely become clearer via further study of the particles themselves.  Both HDL 
and LDL each come in a spectrum of sizes and contain numerous products that can either increase or decrease their benefit 
or risk.  They are more like vehicles (dumptrucks), than simple particles.  Thus, it may not be LDL-C or HDL-C that we measure 
and target, but rather more specific HDL or LDL particles and/or vehicle contents (its cargo). Or we use HDL simply as a 
vehicle, to deliver anti-inflammatory, anti-oxidant compounds directly to the tissue? 



True or False?  Flushing from niacin CAN be prevented, but NOT acutely relieved?   Back to Top 

False.  Flushing due to niacin CAN be prevented, AND treated acutely. 

Flushing has NOT appeared to represent a serious health risk of any kind.  It is viewed as an annoyance or nuisance rather 
than a health risk.   Given that significant health benefits have been demonstrated; communicating to and educating 
patients regarding flushing due to niacin, methods of its prevention, methods of acute relief, ǘƘŀǘ ƛǘΩǎ short-lived, AND that 
tolerance develops are of the utmost importance.  

 The graph to the right is from a small but randomized study (n=22) 
shows the reduction of flushing (on a visual analog scale), AND that 
sufficient doses (i.e., ASA 325 mg) were required to demonstrate 
statistically significant reduction3. 

 Flushing is caused primarily by a prostaglandin, PGD2, which acts 
through the DP1 pathway to cause vasodilation in the skin and 
flushing symptoms. 

 A DP1 inhibitor has been developed and numerous trials 
demonstrating efficacy in flushing reduction have been conducted 
and a large prospective outcomes trial for niacin ER/laropiprant, 
termed the HPS-2 THRIVE, is currently underway. 

 
More on Niacin Metabolism and ADRs: 
Niacin undergoes saturable first pass metabolism via 2 pathways. The flushing pathway appears to be a low affinity, high 
capacity conjugative pathway.   

 This means that immediate release niacin formulations will quickly saturate the non-conjugative metabolic pathway, 
forcing a large fraction of niacin to be metabolized by the conjugative system, resulting in flushing.   

 Very slowly absorbed long-acting formulations will be preferentially absorbed down the non-conjugative pathway 
potentially resulting in hepatotoxicity. 

 

Strategies for  improving adherence  

and managing flushing with niacin  

 Long-term adherence with niacin is dependent on patient awareness and education 
o i.e., flushing harmless, short-lived, preventable, ǘǊŜŀǘŀōƭŜΣ ŘŜǎŎǊƛōŜ ƛǘ ŀǎ ΨǇǊƛŎƪƭȅ ƘŜŀǘΩ ǘȅǇƛŎŀlly occurring on face & 

upper body  

 Patients should be instructed to avoid interrupting niacin therapy whenever possible 

 Initiate therapy using small doses, taken with meals (or snack ς NOT hot, spicy or fatty), and then slowly titrate upward 
over several weeks to achieve treatment goals  

o Note: It may take 12 ς 18 months for maximum lipid benefit to be apparent with niacin therapy 

 Advise patients to take an adult (325mg) aspirin (or any NSAID) 30 minutes before niacin dose (if not contraindicated) 
o Note: Enteric coating will delay absorption/benefit from aspirin, thus advisable to take earlier 

 Recommend that patients avoid spicy/fatty  foods and/or hot (including coffee) or alcoholic beverages near niacin dose 

 Use intermediate release (Niaspan®ER) rather than immediate release formulation to minimize flushing and maximize 
adherence 

o Note: Extended release formulations WILL minimize flushing, however, WILL also increase risk associated with liver 
toxicity. 

 Analgesic doses of NSAIDs (aspirin 650mg, ibuprofen 400mg, etc) can be utilized for acute treatment if flushing does 
occur and is intolerable (if not contraindicated) 

 Do NOT utilize product called ΨŦƭǳǎƘƭŜǎǎΩ ƴƛŀŎƛƴ όƛƴƻǎƛǘƻƭ hexanicotinate), as it does NOT contain any free niacin and 
does NOT have evidence of significant benefit 

Adapted from Davidson M. Niacin Use and Cutaneous Flushing: Mechanisms and Strategies for Prevention. Am J Cardiol. 2008;101(suppl):14B-19B. 



 

True or False?  Tolerance to flushing from niacin develops over time?      Back to Top 

In the Open-label evaluation of the safety and efficacy of a Combination of Niacin ER and SimvAstatin in patieNts 
with dySlipidemia (OCEANS) study demonstrated reduction in flushing over time (max of 12 weeks follow up)1.  

Treatment with Niacin ER/simvastatin (NER/S) was well tolerated:  

 71% of patients experienced flushing and 92% of flushing episodes were mild or moderate in intensity.  

 Overall, 61% of patients experienced flushing episodes that were rated as mild or moderate in intensity.  

 Flushing decreased over time:<40% of those who had flushing during titration experienced flushing during the 
final 12 weeks.  

 A total of 20% of patients discontinued treatment because of a treatment-related adverse event 
o Note: only 7% of these discontinued because of flushing. 

An early study (1998), evaluated the long term efficacy 
and safety of Niaspan® (niacin ER) and demonstrated not 
only that flushing was common, but that tolerance to 
flushing developed over time and that after 4 weeks of 
therapy patients had about 3.3 flushes/month and by 48 
weeks <1 flush/month4.   

ü In this study, only 6% discontinued therapy 
due to flushing 

Additional studies of niacin or niacin ER, alone and in 
combination with statins or other lipid modifying drugs 
have generally provided similar results as the 
aforementioned studies.  

 

 

 

True or False?  Niacin should NOT be used in diabetics due to plasma glucose increases?   Back to Top 

False.  Multiple lines of evidence and expert consensus are below.  As an aside, at least one study has indicated that higher 
HDL has been associated with reductions in albuminuria in patients with long standing type 1 diabetes (though not 
necessarily from niacin therapy).6 

From ATP III: 

 άbƛŎƻǘƛƴƛŎ ŀŎƛŘ ǊŜŘǳŎŜǎ ƛƴǎǳlin sensitivity, and higher doses (>3 g/day) often worsen hyperglycemia in persons with 

ǘȅǇŜ н ŘƛŀōŜǘŜǎΦ  wŜŎŜƴǘ ǎǘǳŘƛŜǎ ǎǳƎƎŜǎǘ ǘƘŀǘ ƭƻǿŜǊ ŘƻǎŜǎ Řƻ bh¢ ǳƴŘǳƭȅ ǿƻǊǎŜƴ ƘȅǇŜǊƎƭȅŎŜƳƛŀΦέ 

 άbƛŎƻǘƛƴƛŎ ŀŎƛŘ ŀƭǎƻ Ƙŀǎ ŀ favorable effect on diabetic dyslipidemia.  Recent clinical trials in persons with diabetes 

indicated that low doses (<3 grams/day) of nicotinic acid are accompanied by only modest deterioration in glucose 

ŎƻƴǘǊƻƭ ǿƛǘƘ ƴƻ ŎƘŀƴƎŜǎ ƛƴ Iō!м/ ƭŜǾŜƭǎΦέ 

Per Goldberg et al review in Mayo Clinic Proceedings (2008)5: 

 άwŜǘǊƻǎǇŜŎǘƛǾŜ ŀƴŘ ƻōǎŜǊǾŀǘƛƻƴŀƭ ǎǘǳŘƛŜǎΣ ŎŀǎŜ ǊŜǇƻǊǘǎΣ ŀƴŘ ŎŀǎŜ ǎǘǳŘƛŜǎ ǿŜǊŜ ŜȄŎƭǳŘŜŘΦ hƴ ǘƘŜ ōŀǎƛǎ ƻŦ ƻǳǊ ŀƴŀƭȅǎƛǎΣ 

the effects of niacin (<=2.5 g/d), alone or in combination with statins, on fasting glucose (an increase of 4%-5%) and 

hemoglobin A1C levels (an increase of <=0.3%) are modest, transient or reversible, and typically amenable to 

ŀŘƧǳǎǘƳŜƴǘǎ ƛƴ ƻǊŀƭ ƘȅǇƻƎƭȅŎŜƳƛŎ ǊŜƎƛƳŜƴǎ ǿƛǘƘƻǳǘ ŘƛǎŎƻƴǘƛƴǳƛƴƎ ƴƛŀŎƛƴΦέ  

 άbƛŀŎƛƴ ǘƘŜǊŀǇȅ ǿŀǎ ƛƴŦǊŜǉǳŜƴǘƭȅ ŀǎǎƻŎƛŀǘŜŘ ǿƛǘƘ ƛƴŎƛŘŜƴǘ ŘƛŀōŜǘŜǎ ƻǊ ǘƘŜ ƴŜŜŘ ŦƻǊ ƴŜǿ ƛƴǎǳƭƛƴ ǇǊŜǎŎǊƛǇǘƛƻƴǎΦ ά 

 ά{ǘǳŘƛŜǎ ǎƘƻǿŜŘ ƛƳǇƻǊǘŀƴǘ ŎƭƛƴƛŎŀƭ ōŜƴŜŦƛǘǎ ƻŦ ƴƛŀŎƛƴ ƻǊ ƴƛŀŎƛƴ-statin regimens despite modest effects on glucose 

ŎƻƴǘǊƻƭΦ ά 

 άhƴ ŀ ǇƻǇǳƭŀǘƛƻƴ ōŀǎƛǎΣ ǎƛƎƴƛŦƛŎŀƴǘ ǊŜŘǳŎǘƛƻƴǎ ƛƴ ƛƴŎƛŘŜƴŎŜǎ ƻŦ ŎŀǊŘƛƻǾŀǎŎǳƭŀǊ ŜǾŜƴǘǎ ŀƴŘ ǘƘŜ ŘŜƎǊŜŜ ƻŦ 

atherosclerotic progression associated with long-term niacin (or niacin-statin) therapy in patients with diabetic 

ŘȅǎƭƛǇƛŘŜƳƛŀ ƻǳǘǿŜƛƎƘ ǘƘŜ ǘȅǇƛŎŀƭƭȅ ƳƛƭŘ ŜŦŦŜŎǘǎ ƻŦ ǘƘƛǎ ǘƘŜǊŀǇȅ ƻƴ ƎƭȅŎŜƳƛŎ ǊŜƎǳƭŀǘƛƻƴΦέ 



Per Bays H. (2005): 
From the standpointof CAD outcomes, analyses have suggested that the greatest benefits of niacin may be in patients with 
ƎƭǳŎƻǎŜ ƭŜǾŜƭǎ җсΦффпнс ƳƳƻƭκ[ όмнс ƳƎκŘ[ύΣ ŎƻƳǇŀǊŜŘ ǿƛǘƘ ǇŀǘƛŜƴǘǎ with lower glucose levels. 
 

Figure to the left: 
 
The Coronary Drug Project (CDP) at 6 years: myocardial infarction by 
baseline fasting plasma glucose level (1 mg/dL=0.05551 mmol/L). The z 
value for interaction was 0.44 (p =0.66), indicating homogeneity of 
treatment effects across all levels of fasting plasma glucose. The greatest 
degree of percentage benefit of niacin in reducing atherosclerotic coronary 
artery disease events (over that of placebo) occurred at glucose levels 
җ6.99426 mmol/L (126 mg/dL). 

 
 

Per National Lipid Association (2007): 
Minor (4 -5%) increases in glucose [on fasting glucose] result from niacin-induced insulin resistance, but these increases are 
often clinically insignificant or readily treated.  

Per AHA/ADA (2007):  Not entirely accurate; as studies have included diabetic patients and subgroup-analyses have been 
published (i.e., NAUTILUS, Department of Veterans Affairs Study, etc.) 

Both recognize niacin as the most effective available drug for raising HDL-C and state that clinical trials suggest CV risk 
reduction with niacin, although no trials of niacin in patients with DM have been performed.  At higher doses, niacin can 
worsen hyperglycemia. 

Per AHA (2007): 
Niacin can significantly elevate blood glucose at high doses. However, at modest doses (750mg to 2grams/day), significant 
lipid/lipoprotein benefits are accompanied by only modest alterations in glucose that are typically amenable to adjustment 
of anti-diabetes regimens. 

Per AACE (2007):  
ά!ƭǘƘƻǳƎƘ ǳse of niacin in patients with diabetes mellitus has been limited because of associated increased hyperglycemia, 
niacin therapy is safe and effective in this patient populationΦέ 

Per European Consensus Panel (2005): 
Niacin at clinically recommendŜŘ ŘƻǎŜǎ όҖнƎǊŀƳǎκŘŀȅύ ƛǎ ŀƴ ŀŎŎŜǇǘŀōƭŜ ǘƘŜǊŀǇŜǳǘƛŎ ŀƭǘŜǊƴŀǘƛǾŜ ŦƻǊ ǇŀǘƛŜƴǘǎ ǿƛǘƘ ǘȅǇŜ н 5aΣ 
as well as people with the metabolic syndrome, at elevated risk of CAD. 

At what dose is Niaspan® ER most effective?  Any significant benefit in dosing beyond 500 mg/day? Back to Top 

In the figure to the right, using niacin study data from Mckenney et 
al10, and Goldberg et al11, we can see that a 500 mg/day of 
immediate release (IR) niacin and extended release (ER) niacin 
provides a range of 7 ς 10% HDL increase and that maximum 
benefit likely occurs somewhere around 2000 mg /day at a range 
of 30 ς 40% HDL increase. 

In addition, the HDL-C raising effect associated with niacin has a 
creep effect, ie, HDL-C levels continue to climb for months after 
initiation of niacin therapy, even if daily doses remain the same.  

 The elevation in HDL-C associated w/ 1000 mg daily of ER 
niacin in the ARBITER 2 trail was 10% after 3 months of 
therapy, 13% after 6 months, and 21% after 12 months. 
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Pharm.D. Interpretation: 
DƛǾŜƴ ǘƘŀǘ ȅƻǳΩǊŜ ǳƴƭƛƪŜƭȅ ǘƻ ƘŀǾŜ ǎǘŀǊǘŜŘ bƛŀŎƛƴ ƛƴ ŀ ǇŀǘƛŜƴǘ ƻƴƭȅ ƴŜŜŘƛƴƎ ŀ мл҈ ƛƴŎǊŜŀǎŜ ƛƴ I5[ ƛƴ ƻǊŘŜǊ ǘƻ ŀŎƘƛŜǾŜ Ǝƻŀƭǎ 
(given that most statins would provide about this much), it would be very unlikely that stopping the dose titration at 
500mg would be enough to get your patient to HDL-C goal. 



What are some cost-effectiveness considerations in regards to HDL elevation?    Back to Top 

The chart below presents a unique perspective on drug costs.  When Piepho R. did his original analysis for publication in 
2000 it was clear that Niacin ER was the least costly per 1% rise in HDL-C.  My own updated cost analysis shows that 
fenofibrate is least costly Rx, and in general the more potent the HDL increase, the least costly per 1% HDL rise. 

Clearly there are other factors in cost/outcome (compliance, maximum allowable costs with generics, copays, multi-variate 
outcomes, etc).  Further pharmaco-economic analyses are needed.  Combination of niacin ER plus a statin appears to be low 
end in cost/hdl rise in addition to much greater likelihood to reach not only HDL goals, but TG and LDL goals as well.   

This topic will be discussed further in ǘƘŜ ƴŜȄǘ ǊŜǾƛŜǿΣ ΨStatins Part III ς CƻƳǇǊŜƘŜƴǎƛǾŜ [ƛǇƛŘ aŀƴŀƎŜƳŜƴǘΩΦ  

Drug Daily Dose 
(mg) 

Max HDL  
Increase (%) 

AWP/day  
(as of 12/2008) 

Cost/1% HDL rise 

Niacin IR 
Fenofibrate 
Gemfibrozil 
Simcor® 
(simvastatin/niacin ER) 
Crestor® (rosuvastatin) 
Advicor® 
(lovastatin/niacin ER)  
Niacin ER  
Lipitor® (atorvastatin) 
Pravastatin 
Simvastatin  
Lovastatin 

2000 
160 
1200 
2000/40 
 
40 
1000/40 
 
2000 
40 
80 
80 
80 

24.4 
20.0 
13.3 
41.0 ς possibly 
greater with time  
16.0 
33.0 ς 41.0 (after 52 
wks) 
29.5 
13.8 
12.0 
12.0 
9.5 

$ 0.14 
$ 2.38 
$ 2.50 
$ 8.40 
 
$ 3.97 
$ 8.54 
 
$ 8.40 
$ 4.50 
$ 4.79 
$ 4.90 
$ 8.54 

$ 0.006                 LOW 
$ 0.12 
$ 0.19                       |  
$ 0.20                       |  
 
$ 0.25                       |  
$ 0.26                       |  
 
$ 0.28                        
$ 0.33                       |  
$ 0.40                       |  
$ 0.41                       V 
$ 0.90                   HIGH 

Utilizing AWP prices as of 12/2008 and based upon analysis of Piepho, R. [The Pharmacokinetics and Pharmacodynamics of Agents Proven to Raise High-density 
Lipoprotein Cholesterol. Am J Card:2000;86(suppl):35L-40L] 

 

How significant is the benefit of exercise in regards to HDL elevation?     Back to Top 

See the chart above for the effect of various non-pharmacologic methods to increase HDL. [Link] 

While exercise is very important as a general cardiovascular risk intervention, it has only limited efficacy in increasing HDL-C 
levels, being modestly effective only in the setting of elevated triglycerides and in response to frequent and intense exercise 
as evidenced by the HERITAGE trial8.   

The Studies of Targeted Risk Reduction Interventions through Defined Exercise (STRRIDE) trial was a randomized, controlled 
clinical study, found that beneficial effects of exercise on the lipid parameters were related more to the frequency of 
exercise than the intensity of exercise9.  It is important to note that the group with the greatest benefit in this trial was the 
high frequency, high intensity exercise group (jogging 20 miles/week at 65 ς 80 percent of peak oxygen consumption). 

Figure to the right from STRRIDE trial: 

 + 4 mg/dL in high frequency, high intensity group 

  - 0.6 mg/dL in sedentary control group, (p=0.015) 

Note:  The max benefit seen here was 4 mg/dL increase, 
which was about a 10% increase. 

In addition, the average baseline HDL-/Ωǎ ƛƴ ŜŀŎƘ ƎǊƻǳǇ 
were all above 40 mg/dL, i.e., NOT considered low HDL 
for men or women. 

Can your high risk patients with cardiovascular disease 
maintain moderate to intense exercise for extended 
periods of time?  Is 10% increase in HDL enough to get them above 40 or 50 mg/dL? Exercise is clearly beneficial; however, it 
is likely that most patients with low HDL should be encouraged to exercise IN ADDITION to a pharmacologic measure to 
maintain optimal HDL lipid parameters. 



True or False?  The goal HDL for both men and women is >40 mg/dL?     Back to Top 

False.  There is a distinct difference between men and women for acceptable levels of HDL-C supported by a number of 
studies and expert consensus.   In addition, physiologically, estrogens do positively affect HDL-C levels; whereas, androgens 
negatively affect HDL-C levels.  

 Recently, the worldwide consensus on Metabolic Syndrome by the International Diabetes Federation suggests a 
different threshold value:  40 mg/dL for men and 50 mg/dL for women2.   

 Prior to this consensus, the International Task Force for Prevention of Coronary Heart Disease and NCEP ATP2 
utilized 35 mg/dL for men and 45 mg/dL for women as cutoffs for low HDL-C.    

 In addition, the Pan-European Survey utilized HDL cut-offs of 40 mg/dL for men and 50 mg/dL for women to 
establish the prevalence of low HDL among the European population2.   

In regards to age AND gender differences and HDL-C levels: 

Landi F, et al. recently analyzed data from the Aging and Longevity Study in the Sirente geographic area (ilSIRENTE Study), 
consisting of a cohort of 359 persons aged 80 years or older for 2 years of follow-up.   

ü Men 
o Mean HDL 36.7 mg/dL among those that died 
o Mean HDL 43.4 mg/dL among survivors 

ü Women 
o Mean HDL 42.2 mg/dL among those that died 
o Mean HDL 49.3 mg/dL among survivors 

General information regarding acceptable HDL-C levels: 

 AFCAPS/TexCAPS provided evidence supporting that the definition of low HDL used by ATP 2 be increased.  In this study, 
there was a marked difference between patients with lower levels of HDL from 34 to 39 mg/dL and patients with levels 
higher than 40mg/dL, because the first group derived greater benefit from lovastatin treatment than the second group. 

o ƛΦŜΦΣ ŀ ΨƘƛŘŘŜƴΩ ŘŜƳƻƴǎǘǊŀǘƛƻƴ ƻŦ ōŜƴŜŦƛǘ ǘƻ ŜƭŜǾŀǘƛƴƎ I5[ ŜǾŜƴ ǿƘƛƭŜ ƭƻǿŜǊƛƴƎ [5[Κ 

What is meaƴǘ ōȅ ΨŦǳƴŎǘƛƻƴŀƭ I5[ΩΚ...What about Pro-Inflammatory HDL?    Back to Top 

As mentioned above lipoproteins (HDL and the like) are like transport vessels with varying functions, that are largely 
dependent upon their protein content, their shape and their size.  As such, it has become apparent that alterations in size 
and/or content of lipoproteins can alter their functions.   

 Alterations can happen in multiple directions, i.e., functional may become pro-inflammatory and pro-inflammatory 
may revert back to functional.  This has been observed with respect to HDL. 

 For example, during inflammation HDL can acquire proteins that may have both beneficial and harmful effects on 
the artery wall. 

o i.e., HDL becomes enriched in amyloid A from the liver during inflammation, which can promote trapping of 
HDL particles in the artery wall and their conversion to atherogenic lipoproteins. 

Functional HDL ς basically, ŎŀǊǊƛŜǎ ΨƎƻƻŘΩ ŎŀǊƎƻΣ ŀƴŘ/or is of optimal size and shape to interact with receptors and enzymes 
promoting anti-atherogenic pathways. 

Pro-Inflammatory HDL ς basically, ŎŀǊǊƛŜǎ ΨōŀŘΩ ŎŀǊƎƻ ŀƴŘ/or is of a size and shape making it less able to interact with anti-
atherogenic pathways and possibly enhance its interaction with atherogenic pathways. 

 All of the factors pushing HDL one way or the other are NOT completely understood at this point.  In addition, all of 
the effects of various pharmacologic agents on HDLΣ ŜǾŜƴ ƻŦ ǘƘƻǎŜ ŎǳǊǊŜƴǘƭȅ ŀǾŀƛƭŀōƭŜΣ ŀǊŜƴΩǘ ŜƴǘƛǊŜƭȅ ǳƴŘŜǊǎǘƻƻŘΦ  
LDL is not devoid oŦ ǇŀǊǘƛŎƭŜ ǎƛȊŜ ŀƴŘ ŎŀǊƎƻ ŘƛŦŦŜǊŜƴŎŜǎ ŜƛǘƘŜǊΦ  ²ŜΩǾŜ ŀǇǇŀǊŜƴǘƭȅ ƛŘŜƴǘƛŦƛŜŘ ŀ ƎǊŜŀǘ ƛƴǘŜǊǾŜƴǘƛƻƴΣ ƛƴ 
statins, that has good overall effects on various LDL particles.  It is interesting to note that there are differences 
amongst statins in effects on resulting LDL particle distributions, meaning of which is still uncertain.   

 It did take about 20 years of basic science and clinical studies to demonstrate that lowering LDL cholesterol had 
beneficial effects on atherosclerotic vascular disease in humans and that it as the discovery of the LDL receptor and 
statin family of drugs that was critical to the success of this approach.   

 LǘΩǎ ƘŀǊŘ ǘƻ ǎŀȅ ŜȄŀŎǘƭȅ ǿƘŜǊŜ ǿŜ ŀǊŜ ƛƴ ǘƘƛǎ ǇǊƻŎŜǎǎ ǿƛǘƘ ǘƘŜ I5[ ŀǇǇǊƻŀŎƘΤ ƘƻǿŜǾŜǊΣ ǿŜ Řƻ ƘŀǾŜ ŀ ŦŜǿ ŘǊǳƎǎ ǘƘŀǘ 
we know significantly increase HDL and have been shown to decrease CV risk beyond that expected with statin only 
and LDL benefit alone (i.e., statins and fibrates, possibly omega-3s).     



At the present, the anti-ƛƴŦƭŀƳƳŀǘƻǊȅ όΨŦǳƴŎǘƛƻƴŀƭΩύ ŀƴŘ ǇǊƻ-ƛƴŦƭŀƳƳŀǘƻǊȅ όΨŘȅǎŦǳƴŎǘƛƻƴŀƭΩύ ǇǊƻǇŜǊǘƛŜǎ ƻŦ I5[ Ŏŀƴ ōŜ 
characterized using various in-vitro assays that measure the impact of HDL on various steps in vascular inflammation.  

o MCA (monocyte chemotaxis assay) ς quantifies LDL-induced incorporation of monocytes within a co-culture 
of eƴŘƻǘƘŜƭƛŀƭ ŀƴŘ ǎƳƻƻǘƘ ƳǳǎŎƭŜ ŎŜƭƭǎΦ  !ƭƭƻǿǎ ŀ ŎŀƭŎǳƭŀǘƛƻƴ ƻŦ ŀƴ ΨƛƴŦƭŀƳƳŀǘƻǊȅ ƛƴŘŜȄΩΦ 

o CFA (cell-free assay) ς model of LDL oxidation that evaluates the effect of HDL on phospholipid oxidation in 
the presence of a potent oxidant using a fluorescent signal.  

o Another assay evaluates the impact of HDL on expression of particular adhesion molecules. 

 

The 2 figures below illustrate functional and dysfunctional HDL and various effects from the research of Ansell B et al14.  

 

 

 

The point here is that we are quickly moving toward better understanding of the functionality of HDL (and other particle), 
which should in turn lead toward better therapies for CV risk reduction in short time. 



HDL and Reverse Cholesterol Transport (RCT) 

HDL is believed to protect against atherosclerosis at least in part through the process of reverse cholesterol transport, 
whereby excess free cholesterol (FC) is removed from cells in peripheral tissues, such as macrophages within the arterial 
wall, and returned to the liver for excretion in the bile.  FC is generated in part by the hydrolysis of intracellular cholesteryl 
ester (CE) stores. Promotion of this pathway could in theory help reduce atherosclerosis. 

Several key molecules play roles in reverse cholesterol transport, including:  

 ATP-binding cassette protein A1 (ABCA1) ς deals more with ApoA1 and immature HDL 

 ATP-binging cassette protein G1 (ABCG1) ς deals more with mature alpha HDL 

 lecithin:cholesterolacyltransferase (LCAT) 

 scavenger receptor class-B, type I (SR-BI) 

 
 
 



What are the proposed benefits (direct or indirect) of HDL?      Back to Top 

 

¢ƘŜǎŜ ōŜƴŜŦƛǘǎ ŀǊŜ ŦǊƻƳ I5[ ŀǎǎǳƳŜŘ ǘƻ ōŜ ΨŦǳƴŎǘƛƻƴŀƭ I5[ΩΦ 

1) Reverse Cholesterol Transport (RCT) 
a. Described in text and figure above in great detail. 

2) Antioxidant 
a. Inhibits oxidation of LDL (oxidized LDL attracts monocytes leading to foam cell formation)  
b. This effect may be either direct or due to high content of antioxidants.  Among other antioxidants, HDL 

carries paraoxonase (PON) which hastens degradation of oxidized LDL.   
c. thb ŀƴŘ ƻǘƘŜǊ ŀƴǘƛƻȄƛŘŀƴǘǎ ŎŀǊǊƛŜŘ ōȅ I5[ ŀƭǎƻ ƭƛƳƛǘ ǘƘŜ ƭŜǾŜƭ ƻŦ ΨǎŜŜŘƛƴƎ ƳƻƭŜŎǳƭŜǎΩ ǿƘƛŎƘ ŀǊŜ ǊŜǉǳƛǊŜŘ 

for oxidation of lipid species. 
3) Anti-inflammatory 

a. Experimental evidence suggests that HDL may be directly anti-inflammatory, shown to reduce certain 
anti -inflammatory markers  

4) Anti-apoptotic 
a. May help maintain population of endothelial cells by preventing their cell death by preventing their 

death by oxidized LDL and other activators of apoptosis 
b. Limits cell damage and necrosis resulting from the complement system 

5) Anti-thrombotic 
a. Inhibits interaction of monocytes with endothelial and smooth muscle cells 
b. In a study of hypercholesterolemic men, serum HDL was shown to be a significant independent 

predictor of platelet thrombus formation 
c. In vitro, HDL has been shown to enhance inactivation of coagulation factor Va 
d. ApoA1 and A2 have been shown to activate fibrinolysis 

6) Anti-infectious 
7) Endothelial function enhancement 

a. Promotes eNOS activation and NO release, with resulting vasorelaxation    
 

What is the current status of the CETP inhibitors drug class? (i.e.,Torcetrapib from Pfizer)  Back to Top 

How CETP (cholesteryl ester transfer protein) inhibition as a target to reduce CV risk came about: 

 It was shown over 15 years ago that Japanese subjects with loss-of-function mutations in CETP had elevated levels of 
both HDL cholesterol and ApoA1 in association with longevity and decreased incidence of CVD. 

 It was then observed that lab animals that lacked CETP, such as mice, had much higher HDL levels and are more 
resistant to diet-induced atherosclerosis than those that express CETP, such as hamsters or rabbits. 

 These and other observations and studies supported suppressing CETP activity to reduce CV risk, however, as 
studies accumulated it became apparent that CETP activity in relation to CV risk was more complicated than 
originally thought.  

 Consequently, compounds were identified that are potent CETP inhibitors and investigations ensued. 
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