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Case 1

A 61-year-old healthy man presents for a routine outpatient clinic visit. He was diagnosed 

with hypertension 6 years ago with blood pressure well controlled on amlodipine 5 mg daily. 

He is a lifelong nonsmoker and has no family history of premature coronary disease. He is 

employed as a business executive. Exercise is limited to 15 minutes of walking daily in 

transit to work. Diet includes frequent dining out with clients and occasional moderate 

alcohol consumption. Examination is notable for a blood pressure of 125/70 mm Hg and a 

body mass index of 32 kg/m2. A fasting lipid panel is notable for total cholesterol of 188 

mg/dL, high-density lipoprotein-cholesterol (HDL-C) of 31 mg/dL, calculated low-density 

lipoprotein-cholesterol (LDL-C) of 125 mg/dL, and triglycerides of 160 mg/dL.

Case 2

A 58-year-old man with coronary artery disease presents for follow-up. When he was 50 

years of age, chest discomfort led to diagnosis of a non–ST-segment elevation myocardial 

infarction. Cardiac catheterization revealed a 90% left anterior descending lesion, which was 

stented, and 40% left circumflex artery stenosis. A lipid profile was returned with total 

cholesterol of 180 mg/dL, LDL-C of 130 mg/dL, HDL-C of 28 mg/dL, and triglycerides of 

150 mg/dL. In addition to other cardiovascular medications, the patient was treated with 

atorvastatin 80 mg. The follow-up LDL-C was 72 mg/dL, and HDL-C was 26 mg/dL; vital 

signs were well controlled. Four years ago, at 54 years of age, he re-presented with 

exertional chest discomfort. Stress testing led to repeat catheterization and stenting of a 90% 

left circumflex lesion and a 90% left anterior descending lesion distal to the previous 

intervention. Lipoprotein(a), checked because of a family history of premature coronary 

artery disease, was 110 mg/dL (upper limit of normal, 40 mg/dL). A trial of niacin was 

started, and titrated, which the patient tolerated. On 2 g of niacin and atorvastatin 80 mg 

daily, his most recent lipid profile was returned with a total cholesterol of 132 mg/dL, HDL-

C of 44 mg/dL, LDL-C of 64 mg/dL, triglycerides of 120 mg/dL, and lipoprotein(a) of 44 

mg/dL.
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The Clinical Problem

A low level of circulating HDL-C represents a problem that is both common and clinically 

challenging, with a difficult-to-reconcile current database. National Cholesterol Treatment 

Panel guidelines suggest that a HDL-C level of <40 mg/dL be considered low.1 National 

Health and Nutrition Examination Survey data indicate that 31% of men and 12% of women 

in the community currently meet this criterion.2 The National Cholesterol Treatment Panel, 

in their more detailed text regarding metabolic syndrome, recognize sex-specific cutoffs of 

HDL-C <40 mg/dL for men and <50 mg/dL for women as undesirable. Low HDL, linked to 

premature coronary artery disease, is being identified with increasing frequency as lipid 

screening recommendations are increased.

The inverse association between plasma HDL-C and cardiovascular disease remains one of 

the most robust epidemiological observations ever made (Figure 1A). First described in 

1977 in Framingham Heart Study data, the relationship has been replicated in multiple 

cohorts.3 Epidemiological data link a 1 mg/dL increase in HDL to a 2% to 3% reduction in 

cardiovascular events, an impact greater than that noted for LDL-C. However, 

pharmacological interventions that raise HDL-C have not been clearly shown to reduce 

adverse cardiovascular outcomes. This conundrum has forced clinicians to reconsider 

existing and emerging data on HDL biology and therapeutic strategies to optimize clinical 

outcomes in the statin era.

The Biology

The epidemiological association between HDL-C and cardiovascular disease has stimulated 

research to clarify its mechanistic underpinnings and provide biological plausibility for 

causation. Numerous models have been proposed, based mainly on animal or in vitro 

models. HDL-C promotes reverse cholesterol transport, which facilitates cholesterol 

transport from peripheral lipid-laden macrophages to the liver for biliary excretion. In this 

construct, HDL is atheroprotective by removing cholesterol from pathological sites, like the 

vasculature, and depositing it in the liver and gastrointestinal tract. Considerable preclinical 

research also suggests other HDL properties that might decrease atherosclerotic 

complications, including anti-inflammatory effects, decreased low-density lipoprotein 

(LDL) oxidation, increased nitric oxide production, decreased endothelial adhesion molecule 

expression, decreased thrombogenicity, and decreased inflammatory-induced apoptosis 

(Figure 2).

The Controversy

Recently, the HDL hypothesis—the notion that HDL-mediated atheroprotection can be 

modulated for therapeutic benefit—has faced multiple challenges (Figure 1). Analyses 

seeking to isolate the impact of HDL-C via observational epidemiology are limited by 

extensive confounding; multiple cardiovascular risk factors, including male sex, smoking, 

visceral adiposity, insulin resistance, and systemic inflammation alter HDL-C levels. 

Furthermore, intensive statin therapy may attenuate responses that might have otherwise 

been significant; null associations between on-treatment HDL-C and cardiovascular 
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outcomes were noted in several recent clinical trials, although a risk relationship with HDL-

C despite statin therapy persisted in other studies.

Although human genetics analyses have further solidified the causal relationship between 

LDL-C and atherosclerosis, analogous studies of patients with genetic mutations that alter 

HDL-C levels have yielded inconsistent results. Markedly decreased HDL concentrations in 

patients with monogenic disorders involving apolipoprotein A-I (ie, apolipoprotein A-

IMilano), ABCA1 (Tangier disease), and LCAT (familial lecithin cholesterol acyltransferase 

deficiency) have not been clearly associated with increased or premature cardiovascular 

disease. Mendelian randomization analyses use high-throughput genotyping to try to 

overcome confounding in assessing causality. For example, if HDL-C is directly 

atheroprotective, inherited variations in HDL-C levels should change cardiovascular risk by 

a magnitude predicted by known epidemiology. In 1 recent analysis, a genetic score that 

combined 14 common polymorphisms that influence HDL-C levels had no association with 

cardiovascular events. However, some specific polymorphisms did correlate with reduced 

risk.4 This study suggests that HDL-C levels as a predictor of cardiovascular benefit may 

depend on how a given intervention alters HDL function (Figure 2).

With regard to therapeutics, evidence that pharmacological agents that increase HDL-C 

improve cardiovascular outcomes has been limited. Despite early smaller clinical trials and 

long-term follow-up studies of HDL-C interventions suggesting significant cardiovascular 

benefit, 4 recent high-profile clinical trials of HDL-raising therapies have argued otherwise: 

Atherothrombosis Intervention in Metabolic Syndrome with Low HDL/High Triglycerides: 

Impact on Global Health Outcomes (AIM-HIGH; secondary prevention trial adding niacin 

to LDL-lowering therapy)5; Heart Protection Study 2: Treatment of HDL to Reduce the 

Incidence of Vascular Events (HPS-2 THRIVE; secondary prevention of adding niacin/

laropiprant to statin therapy)6; a Study Examining Torcetrapib/Atorvastatin And 

Atorvastatin Effects on Clinical CV Events in Patients With Heart Disease (ILLUMINATE, 

primary prevention trial in high-risk patients adding the cholesteryl ester transfer protein 

[CETP] inhibitor torcetrapib to atorvastatin)7; and Dalcetrapib Outcomes Study (Dal-

OUTCOMES, secondary prevention trial in acute coronary syndrome patients adding the 

CETP inhibitor dalcetrapib to optimal therapy; Figure 1D).8 Each of these studies has 

complicating features that preclude definitive conclusions about the impact of the HDL 

changes seen. However, these negative results reinforce the need for caution and 

reexamination of HDL-centric therapies.

Nonpharmacological Interventions

Aerobic Exercise

A high level of exercise was previously thought necessary in order to increase HDL-C 

levels. However, sustained and regular moderate-intensity activity can increase HDL-C 

levels by 5% to 10%. Individuals with low HDL-C and elevated triglycerides and abdominal 

obesity, as in case 1 above, may have particularly robust HDL-C responses to exercise, 

potentially mediated through increased insulin sensitivity independent of diet. Observational 

data and randomized trials with surrogate cardiovascular end points support the potential for 

cardiovascular risk reduction with exercise. Therefore, adherence to current American Heart 
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Association guidelines for physical activity in adults (at least 30 minutes most days of the 

week and at least 60 minutes for weight loss) remains advisable.8a

Weight Loss

Overweight and obesity are strongly associated with both low HDL-C and elevated 

circulating triglycerides. Acute changes in weight loss may modestly decrease HDL-C 

levels, likely via decreased lipoprotein lipase activity. However, on weight stabilization, 

HDL-C levels generally increase by 0.35 mg/dL per kilogram.9 This increase in HDL-C 

occurs regardless of weight loss strategy: diet, physical activity, pharmacological therapies, 

or surgical approaches.

Nutrition

Patients who consume very low fat diets often have lower HDL-C levels, although LDL-C is 

also reduced, confounding the assignment of potential risk reduction. Meanwhile, diets high 

in saturated or trans fats tend to increase HDL-C levels at the possible expense of impaired 

HDL functionality and increased LDL-C. Processed carbohydrates that rapidly increase 

glucose levels (ie, high glycemic index) may lower HDL-C levels, increase inflammation, 

and increase cardiovascular risk. An emphasis on modest portion sizes and a diet high in 

fresh fruits and vegetables, low in processed carbohydrates and meats, and high in 

polyunsaturated fatty acids remains advisable.

Smoking Cessation

The oxidant stress and inflammation induced by cigarette smoking have been linked to both 

decreased HDL levels and function. Smokers tend to have an HDL-C level that is 5% to 

10% lower than matched controls. Importantly, smoking cessation leads to an increase in 

HDL-C of ≈4 mg/dL with minimal impact on other lipid parameters.10

Alcohol Intake

Alcohol consumption can increase HDL-C ≈2 mg/dL per daily alcoholic beverage.11 

Moderate alcohol intake (1–2 drinks/d in men, 1 drink/d in women) has been associated with 

improved cardiovascular outcomes in observational studies, although via unclear 

mechanisms. Recommending that nondrinkers with low HDL-C initiate moderate alcohol 

consumption for cardiovascular risk reduction remains speculative and difficult to endorse 

given the adverse outcomes associated with alcohol intake. In select patients at low risk for 

alcohol-related problems, providing the relevant information regarding modest, responsible 

alcohol intake and cardiovascular risk might be considered.

Pharmacological Interventions

Niacin

Niacin, otherwise known as nicotinic acid or vitamin B3, when prescribed at a dose of 1 to 2 

g per day, can increase HDL-C levels 15% to 30%, the most potent effect among currently 

available medications. Niacin also favorably alters LDL-C, triglyceride, and in some cases, 

lipoprotein (a) levels. In the Coronary Drug Project, a secondary prevention trial in men 
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performed in the 1960s, niacin reduced myocardial infarctions by 26%12; on long-term 

follow-up, mortality was also significantly decreased (Figure 1B).

However, data from recent clinical outcome trials that included concomitant statin therapy 

have failed to show benefit with niacin. The AIM-HIGH trial, a secondary prevention trial in 

patients with low HDL-C and elevated triglycerides that added extended-release niacin to 

simvastatin (and ezetimibe as needed to achieve LDL-C goals), was stopped owing to the 

clinical futility for demonstrating event reduction, despite significant HDL-C increases and a 

significant event rate (Figure 1C).5 Potential limitations include the baseline LDL-C levels 

of 70 mg/dL for all subjects, the low absolute difference in on-treatment HDL-C between 

placebo and niacin groups (38 versus 42 mg/dL), ezetimibe use as a confounding variable, 

low-dose niacin use in the control group to avoid symptomatic reactions resulting in 

functional unblinding, and relatively short follow-up (mean, 3 years). The significantly 

larger HPS-2 THRIVE trial studied extended-release niacin and laropiprant (a flushing 

inhibitor) versus placebo added to LDL-lowering therapy in >25 000 patients with 

cardiovascular disease. The study sponsor recently announced a failure to achieve any 

reduction in the primary composite cardiovascular end point.6 Adverse events were also 

increased in the active treatment group with details pending peer-reviewed publication of the 

clinical trial results.

Tolerability also limits niacin use. Flushing is an issue, which can be attenuated with 

extended-release niacin formulations, taking aspirin 30 minutes before niacin, gradual dose 

titration, avoiding missed niacin doses, and limiting concomitant intake of drinks that 

promote flushing, eg, alcohol, hot liquids. Over the counter no-flush preparations may be 

less effective in HDL raising. Although niacin is generally regarded as safe, it can increase 

uric acid levels, precipitating gout, and worsen insulin sensitivity.

Niacin use will likely decrease in the future, particularly if purported adverse events in 

HPS-2 THRIVE are substantial. Whether there is a role for niacin therapy in certain patient 

subgroups, like statin intolerance, like statin intolerance, isolated low HDL-C, or elevated 

lipoprotein (a), as in case 2, remains unresolved.

Fibrates

Fibrate therapy lowers triglycerides while raising HDL-C ≈10% to 20%, effects thought to 

occur via peroxisome proliferator-activated receptor alpha (PPARα) activation. The 

Helsinki Heart Study (HHS, enrollment 1981–1982) and the Veterans Affairs High-Density 

Lipoprotein Cholesterol Intervention Trial (VA-HIT, enrollment 1991–1995) demonstrated 

that gemfibrozil significantly reduced coronary risk (34% and 22%, respectively), although 

in the absence of statin use.13,14 The incremental benefit of combining fibrates with statin 

therapy remains unproven. In the Action to Control Cardiovascular Risk in Diabetes – Lipid 

arm (ACCORD-Lipid, enrollment 2001–2005), adding fenofibrate to simvastatin did not 

improve the primary cardiovascular end point.15 Fibrate benefits, especially in the statin era, 

may be restricted to patients with significantly low HDL-C and elevated triglycerides, a 

concept supported by post hoc subgroup analyses.16 Regarding safety, fibrates may rarely 

increase myopathy and rhabdomyolysis in combination with a statin (seen more often with 

gemfibrozil than ferofibrate) and must be used with caution in chronic kidney disease.
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Statins

Statin therapy has proven risk reduction in both primary and secondary prevention of 

cardiovascular disease. Statins modestly increase HDL-C by 5% to 10%, with some 

variability among class members, especially at higher doses; rosuvastatin may have greater 

HDL-raising effects than other statins at their maximal doses. Statin therapy may also 

favorably modify the HDL proteome, limit inflammation, and offset the risk of low HDL-C 

levels.

Oral Antidiabetic Agents

Type 2 diabetes mellitus and insulin resistance are commonly associated with atherogenic 

dyslipidemia, a triad consisting of low HDL-C levels, elevated triglycerides, and small, 

dense LDL particles. Medications that improve glycemic control may improve low HDL-C 

levels either directly or indirectly, for example, by lowering triglycerides. The insulin 

sensitizer pioglitazone, which activates PPARγ, and may have some PPARα activity, can 

increase HDL-C modestly, an effect implicated in pioglitazone’s anti-atherosclerotic 

effects.17 Pioglitazone’s untoward effects may offset these potential benefits. Whether 

newer antidiabetic agents like glucagon-like peptide 1 agonists and dipeptidyl peptidase IV 

inhibitors improve cardiovascular outcomes through lipid changes remains to be determined.

The HDL-Directed Therapeutic Pipeline

Despite recent setbacks, multiple HDL-directed therapeutic agents remain in clinical 

development (Table). Pharmacological CETP inhibition, a potent mechanism for increasing 

HDL levels, has been under intense study. The CETP inhibitor torcetrapib significantly 

raised HDL in phase III studies but increased cardiovascular events, perhaps because of off-

target blood pressure effects. In the Dal-OUTCOMES trial, dalcetrapib had no impact on 

cardiovascular events, perhaps owing to less CETP inhibition and more modest lipid 

effects.8 Evacetrapib increases HDL-C levels by up to 132% while reducing LDL-C by 

40%; anacetrapib similarly increases HDL-C by 138% and decreases LDL-C by 40%. These 

more potent CETP inhibitors, appear safe in phase II trials; phase III secondary prevention 

trial data are eagerly awaited, eg, the anacetrapib REVEAL trial (clinicaltrials.gov identifier: 

NCT00658515).

Beyond CETP inhibition, direct infusion of reconstituted nascent HDL or recombinant 

apolipoprotein A-IMilano reportedly decreases atheroma in small human proof-of-concept 

studies (Table). Oral therapies that increase apolipoprotein A-I production or serve as 

mimetic peptides improve HDL-function ex vivo. Liver X receptor agonists promote 

cholesterol efflux and augment intestinal HDL generation. Clinical development of liver X 

receptor modulators has been limited by various side effects, including 

hypertriglyceridemia. microRNA miR-33 inhibition may enhance expression of genes 

involved in cholesterol efflux, although this remains untested in humans. Aleglitazar, a dual 

PPARα/PPARγ agonist that combines HDL raising/triglyceride lowering with insulin 

sensitization/glucose lowering is under study in acute coronary syndrome patients with 

diabetes mellitus (clinicaltrials.gov identifier: NCT01715818).
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Novel Conceptual Approaches

The complexities of HDL metabolism remain a highly active area of research. Substantial 

heterogeneity exists in the biological and chemical properties among circulating HDL 

particles and their different subtypes (Figure 2). Proteomics studies have revealed numerous 

distinct proteins associated with HDL, including several involved in complement regulation 

and the acute phase response. Intriguingly, the HDL proteome may differ between 

individuals with and without coronary disease. Advanced HDL phenotyping may identify 

better predictors of cardiovascular disease, for example, HDL particle number as assessed 

by nuclear magnetic resonance spectroscopy may be a better predictor of atherosclerosis 

than HDL-C levels in observational studies. Whether routine clinical use of advanced 

lipoprotein characterization improves clinical outcomes remains unclear. The notion that 

functional HDL properties may vary among individuals has existed for some time; ex vivo 

assays that quantify HDL function are in development.18 One recent study demonstrated that 

cholesterol efflux capacity, as measured by HDL-mediated efflux of cholesterol from 

macrophages, strongly correlated with atherosclerotic burden, even after adjusting for HDL-

C levels.19

Management Strategy

Low HDL levels should prompt testing for secondary causes, some of which are reversible 

or artifactual. For example, circulating paraproteins, as seen in hematologic malignancies 

like multiple myeloma, can rarely interfere with HDL-C quantification. Multiple genetic 

abnormalities are associated with very low HDL-C levels (<10 mg/dL). Various drugs may 

decrease HDL-C, including anabolic steroids, atypical antipsychotics, highly active 

antiretroviral therapy for HIV/AIDS, β-blockers, and immunosuppressive agents. Liver 

disease, including cirrhosis, can decrease all cholesterol subfractions by impairing 

apolipoprotein production. Last, low HDL-C levels are frequently noted in acute 

inflammatory states.

For now, statins remain the first-line therapy among individuals with low HDL-C levels and 

significant cardiovascular risk who warrant intervention, as defined by validated risk 

algorithms.20 Therapeutic lifestyle changes offer general health benefits, including the 

possibility of improved HDL-C levels and function. In terms of specific HDL-C–targeting 

therapies, fibrates may be reasonable to use in patients with significant cardiovascular risk, 

along with statins, if triglycerides are significantly elevated, eg, >200 mg/dL, and HDL-C is 

low. Niacin, if tolerated, remains another theoretical option in patients with substantially 

elevated lipoprotein(a), statin intolerance, or, in addition to statin therapy, in patients with 

isolated low HDL-C and progressive cardiovascular events.

The issues and experience around HDL as a risk predictor and a target for therapy are 

highlighted in the 2 cases initially presented. In case 1, although the low HDL-C may help 

identify the patient at increased cardiovascular risk, there is no strong clinical trial evidence 

to argue for niacin as first-line therapy for this patient. After discussion with the patient, a 

statin was initiated and well-tolerated. Lifestyle interventions were also implemented. In 

case 2, the patient had early-onset atherosclerotic complications and evidence for 
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progression despite therapy. Moreover, he tolerated niacin, experienced a significant HDL-C 

increase, and notable lipoprotein (a) lowering. Although the impact of these changes on 

cardiovascular outcomes remains unproven, after discussion of the data, the patient opted to 

continue niacin/statin combination therapy and not forego the potential benefit of these 

changes.
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Figure 1. 
The HDL conundrum in 4 representative datasets. A, A strong epidemiological risk 

association. Total HDL-C levels exhibit a wellvalidated, robust inverse relationship with 

cardiovascular risk, even among patients with the same (including lower) LDL levels, as 

seen in the Framingham Heart Study. B, Encouraging prospects for cardiovascular benefit. 

In the Coronary Drug Project, niacin significantly decreased mortality at long-term (16-year) 

follow-up. C, Missing prospective event reduction? In AIM-HIGH, adding niacin to statin-

treated cardiovascular disease patients with well-controlled baseline LDL levels had no 

impact on cardiovascular events despite significant HDL increases. D, Novel strategies, 

more disappointment? CETP inhibitors, like dalcetrapib, can significantly increase HDL 

levels, but have yet to show clinical benefit, as seen in Dalcetrapib Outcomes Study (dal-

OUTCOMES) (post–acute coronary syndrome trial). AIM-HIGH indicates 

Atherothrombosis Intervention in Metabolic Syndrome with Low HDL/High Triglycerides: 

Impact on Global Health Outcomes; CAD, coronary artery disease; CETP, cholesteryl ester 

transfer protein; dal-OUTCOMES, Dalcetrapib Outcomes Study; HDL, high-density 

lipoprotein; HDL-C, high-density lipoprotein-cholesterol; LDL, low-density lipoprotein; and 

LDL-C, low-density lipoprotein-cholesterol.
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Figure 2. 
HDL-cholesterol: levels vs function? HDL, like other lipoproteins, includes a range of 

complex macromolecules with diverse functional effects and distinct characteristics. HDL, 

in part, through its major apolipoprotein, apolipoprotein A-I, promotes cholesterol efflux 

and may also decrease vascular inflammation, increase nitric oxide levels (NO), and 

decrease thrombosis. These and other pleiotropic effects may relate to variable HDL 

characteristics involving particles (number, size, subtypes), the proteins present, relative 

apolipoprotein levels, and the specific lipid content. How these properties relate to total 

HDL-C levels, or respond to different HDL-raising therapies, remains unknown but offers 

other ways to consider HDL. Apo indicates apolipoprotein; CHO, cholesterol; HDL, high-

density lipoprotein; and HDL-C, high-density lipoprotein-cholesterol.
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Table
Emerging Therapeutic Approaches for Treating Low HDL-C

Therapeutic Strategy Rationale

CETP inhibition Increase HDL-C by inhibiting transfer of cholesteryl esters from HDL-C to Apo-
B–containing particles.

Apo A-I/reconstituted HDL infusion Promote reverse cholesterol transport and stabilize atherosclerotic plaque

Apo A-I mimetic peptides/ upregulators of Apo A-I 
production

Seek to mimic pleiotropic beneficial effects of Apo A-I

LXR agonism/ inhibition of microRNA MiR-33 Upregulate transporters involved in efflux of cholesterol from macrophages, 
promoting reverse cholesterol transport

Dual PPARα/PPARγ agonism Combines PPARα effect of fibrates on lipid metabolism with PPARγ effect on 
improved insulin resistance

Examples of strategies for increasing levels of HDL or its components, and the rationale for these approaches are provided.

Apo indicates apolipoprotein; CETP, cholesteryl ester transfer protein; HDL, highdensity lipoprotein; HDL-C, high-density lipoprotein cholesterol; 
LXR, liver X receptor; PPARα, peroxisome proliferator-activated receptor alpha; and PPARγ, peroxisome proliferator-activated receptor gamma.
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