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in the PCI-treated group (5.3% versus 
2.4%; P = 0.03). The event curves for stroke 
diverged 2–3 years after randomization. In 
patients with diabetes and advanced CAD, 
CABG surgery was s uperior to PCI in redu-
cing the rate of late myocardial infarction 
and death. CABG surgery was associated 
with a signifi cantly lower major adverse 
event rate, but a higher overall rate of stroke 
and other p erioperative morbidity, than PCI.

The FREEDOM trial3 has provided us 
with definitive data that CABG surgery is 
the best choice for revascularization therapy 
in patients with diabetes and three-vessel 
CAD in the current PCI era. This land-
mark study is the first trial to show directly 
that a protective effect could be conferred 
by bypassing the entire proximal segment 
of diseased coronary arteries, rather than 
selective treatment of the most-obstructed 
spots with drug-eluting stents. The diffuse 
characteristics of CAD in patients with dia-
betes, and the prothrombotic properties of 
blood cells and platelets in these patients, 
underscore the clinical importance of these 
findings. Further research is essential to 
characterize the effects of second (and sub-
sequent) generations of drug-eluting stents 
in the successful treatment of patients with 
diabetes. In addition, in the FREEDOM 
trial, successful treatment of coronary risk 
factors, including LDL cholesterol, HbA1c, 
and arterial blood pressure, was achieved in 
only few patients. Therefore, future research 
should also target successful risk-factor 
modification over a long time period.

Overall, these studies have provided great 
insight into the clinical practice of inter-
ventional cardiology. Further studies are 
required to optimize treatment strat egies 
for patients, with or without diabetes, who 
have cardiogenic shock, or CAD and are 
undergoing PCI.
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Key advances

 ■ In the IABP‑SHOCK II trial,1 intra‑aortic 
balloon pump (IABP) insertion after 
percutaneous coronary intervention  
(PCI) did not reduce 30‑day mortality,  
but whether IABP insertion before PCI  
is beneficial remains unknown

 ■ In the ARCTIC trial,2 monitoring of platelet 
reactivity during dual or triple antiplatelet 
therapy did not confer a marked 
improvement in outcomes compared  
with treatment without monitoring

 ■ In the FREEDOM trial,3 revascularization 
with CABG surgery was superior to PCI 
in patients with diabetes mellitus for all 
outcomes except stroke
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LIPIDS IN 2012

HDL cholesterol studies 
—more of the same?
Jean‑Pierre Després

Studies published in 2012 in the field of HDL research have provided 
further evidence suggesting that a low HDL‑cholesterol level, in the 
absence of related lipid or nonlipid risk factors, is not associated with 
increased risk of coronary heart disease.
Després, J.‑P. Nat. Rev. Cardiol. 10, 70–72 (2013); published online 15 January 2013;  
doi:10.1038/nrcardio.2012.182

Analyses of data from prospective obser-
vational cohorts published over the past 
30 years have shown that increased levels 
of circulating HDL cholesterol are associ-
ated with a reduced risk of coronary heart 
disease events.1 Furthermore, numer-
ous pre clinical studies have revealed that 
HDL particles have properties that could 
provide protection against the develop-
ment of athero sclerosis.2 On the basis of 
this evidence, raising the level of HDL 
cholesterol has generally been considered a 
legitimate strategy to reduce cardio vascular 
risk through reduced progression, or even 
regression, of atherosclerotic plaque. 
Considerable efforts have been devoted 
to the development of HDL-cholesterol 
raising therapies in the hope that they will 
add to the well-documented benefits of 
statin-mediated lowering of LDL choles-
terol. In this article, four important papers 

published in 2012 that have reinforced our 
understanding about the role of HDL par-
ticles and HDL cholesterol in cardiovascular 
risk will be highlighted.

One pharmacological approach that pro-
duces considerable increases in the circula-
ting level of HDL cholesterol is inhibi tion 
of cholesteryl ester transfer protein (CETP), 
an enzyme that promotes net mass transfer 
of cholesteryl esters from HDL parti cles to 
apolipo protein B-containing lipo proteins.2,3 
Despite promising pre clinical results, 
torcetra pib—the first CETP inhibitor 
tested in clinical trials—was not found to 
reduce the size of atherosclerotic plaques in 
imaging trials.4 Furthermore, tor cetrapib 
was reported to increase mortal ity and 
cardiovascular events in the large trial 
ILLUMINATE.5 This phenomenon could 
be related, among other factors, to an 
increase in blood pressure and aldosterone 
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levels. Nevertheless, post-hoc analyses of 
results from torcetrapib trials combined 
with preclinical data suggested that the off-
target effects of torcetrapib were probably 
unrelated to CETP inhibition.3 Therefore, 
the hypothesis that CETP inhibition could 
reduce, or even reverse, a therosclerotic 
v ascular disease remained to be tested.

Another CETP inhibitor, dalcetrapib, was 
assessed in the DAL-OUTCOME study and 
the results published in November 2012.6 
Importantly, this compound was found to 
have little effect on the level of LDL choles-
terol while increasing HDL-cholesterol 
concentration.3 These findings provided 
the appropriate experimental conditions to 
test the clinical benefit on cardiovascular 
outcomes of specifi cally raising the HDL-
cholesterol level with dalce trapib. In the 
DAL-OUTCOME study,6 15,871 patients 
who had experienced a recent (median 
61 days) acute coro nary syndrome were 
randomly assigned to receive dal cetrapib 
(600 mg per day) or placebo on top of 
the best evidence-based clinical manage-
ment. During the trial, HDL-cholesterol 
levels increased from baseline by 4–11% 
in the placebo group and by 31–40% in 
the dalcetrapib group. As expected, the 
CETP inhibitor had little effect on LDL-
cholesterol levels. At the interim analysis 
(median follow-up 31 months), the data 
and safety monitoring board recom-
mended termi nation of the trial for futility. 
The cumulative event rate was essentially 
the same in the placebo and dalcetra pib 
groups (8.0% vs 8.3%, respectively), and 
the drug had no effect on any component 
of the primary end point (a composite of 
major adverse cardio vascular events) or 
on mortal ity. Furthermore, modest but 
signifi cant (P <0.001) increases in systolic 
blood pressure (0.6 mmHg) and C-reactive 
protein level (0.2 mg/l) were noted with 
dalcetra pib when compared with placebo.6 
Thus, this new trial did not provide evi-
dence that selectively increasing HDL-
cholesterol levels (at least through CETP 
inhibition) reduces the risk of recurrent 
c ardiovascular events.

Another approach fuelling the HDL-
cholesterol  target  debate  rel ies  on 
Mendelian randomization analyses. If a 
direct relation ship between HDL cholesterol 
and cardiovascular outcomes exists, genetic 
variants associated with altered HDL-
cholesterol levels, but that have no influ-
ence on other lipid or nonlipid risk factors, 
should be related to cardio vascular disease. 
Voight et al. examined a single nucleotide 

poly morphism in the endothelial lipase 
gene (LIPG Asn396Ser) in 20 studies that 
included a total of 20,913 patients with myo-
cardial infarction (MI) and 95,407 healthy 
control individuals.7 Their findings were 
published in May 2012. Carriers of the LIPG 
396Ser allele (2.6% frequency) had higher 
HDL-cholesterol levels (+0.14 mmol/l) than 
noncarriers, but showed no difference in 
levels of other lipid or nonlipid risk factors 
for MI. This finding enabled the investi-
gators to test the hypo thesis that lifetime 
exposure to a high HDL-cholesterol level 
might be cardio protective. However, the 
increased HDL-cholesterol level linked  
with the 396Ser allele was not associated with  
a reduced risk of MI. This finding differed 
markedly from the 13% risk reduction 
(OR 0.87, 95% CI 0.84-0.91) that the investi-
gators predicted on the basis of observa-
tional epidemiology studies.7 In addition, 
Voight and colleagues calculated a genetic 
risk score, which included 14 single nucleo-
tide polymorphisms exclusively associ-
ated with increased HDL-cholesterol level 
and, again, found no relationship between 
these alleles and cardiovascular events.7 

These results indicate that genetic variation 
associated with lifetime increased HDL-
cholesterol level, but not with other cardio-
vascular risk factors, does not seem to be 
associated with a reduced risk of MI.

The results of this interesting analysis do 
not, however, provide the final answer as  

to whether or not HDL should be targeted to  
optimize protection against cardio vascular 
events. At this stage, one point can be made 
with certainty—not all approaches that 
increase the HDL-cholesterol level will 
translate into clinical benefits. For example, 
CETP inhibitors that do not also reduce 
LDL-cholesterol levels are probably useless. 
Whether more-potent CETP inhibitors, 
such as anace trapib and evacetrapib that 
markedly increase HDL-cholesterol levels 
and decrease levels of non-HDL cholesterol, 
reduce athero sclerosis and related cardio-
vascular events is currently being tested in 
large trials.

In this context, we need to keep in mind 
that HDL cholesterol is only one feature 
of HDL. These lipoprotein particles have 
numerous properties that contribute to slow 
the development of atherosclerosis, but are 
not captured by the measurement of HDL-
cholesterol concentration. HDL cholesterol 
only reflects the cholesterol content of the 
HDL fraction that is most often isolated 
by precipi tation techniques. Numerous 
techniques are now available to assess the 
various other properties of HDL, including 
composition, size, migration on 2D gels, 
metabolomics, and the capacity to promote 
cholesterol efflux and act as antioxidants 
(Figure 1a). Thus, an expanded panel of 
HDL ‘metrics’ should be studied to further 
our understanding of the features of HDL 
that could be t argeted for cardioprotection.
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Figure 1 | Mechanisms linking HDL to cardiovascular disease. Despite a | properties that are 
potentially protective against the development of atherosclerosis, b | a low HDL‑cholesterol level 
that is not accompanied by other lipid or nonlipid risk factors does not seems to be associated 
with an increased risk of coronary heart disease. Abbreviations: CHD, coronary heart disease; 
SSB, sugar‑sweetened beverages.
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Analyses of MESA8 and the MRC/
BHF Heart Protection Study,9 both pub-
lished in 2012, suggested that the associ-
ation between HDL-cholesterol level 
and cardio vascular outcomes was largely 
attenuated after control for other features 
of the lipoprotein profile. On the other 
hand, HDL particle number assessed by 
NMR was indepen dently associ ated with 
cardio vascular outcomes. These findings 
suggest that some properties of HDL might 
provide information beyond HDL choles-
terol itself, which seems to be largely a 
marker of other lipid and nonlipid risk 
factors. We have previ ously suggested 
that low HDL-cholesterol level is usually 
accompanied by abdominal obesity, lack 
of physical activity and sedentary lifestyle, 

insulin resistance, elevated triglyceride and 
apolipo protein B levels, and by a state of 
low chronic inflammation (Figure 1b), key 
correlates that are predictive of increased 
cardio vascular disease risk.10 Therefore, low 
HDL-cholesterol level in isolation is a rare 
disorder. Such key correlates of low HDL-
cholesterol level might explain why findings 
from observational epidemiology studies 
are discordant with results from clinical 
trials and Mendelian randomization studies. 
From population health and clinical stand 
points, although clearly associated with a 
low risk of coronary heart disease, a high 
HDL-cholesterol level is largely the con-
sequence of healthy lifestyle habits, a low 
level of visceral adipose tissue and ectopic 
fat, and high insulin sensitivity.

Although studies on HDL published in 
2012 have generated ‘more of the same’, such 
literature adds to the debate. Additional 
preclinical and clinical data will be required 
to answer the key question—is HDL choles-
terol only an HDL-related marker of cardio-
vascular risk, or could other features of 
HDL be targeted as well? Meanwhile, to 
generate high physiological levels of func-
tional HDL parti cles, we should watch our 
w aistlines and stay physically active.

Centre de recherche de l’Institut universitaire 
de cardiologie et de pneumologie de Québec, 
Pavilion Marguerite‑D’Youville, 4th Floor, 
2725 chemin Ste‑Foy, Québec, QC G1V 4G5, 
Canada. 
jean‑pierre.despres@criucpq.ulaval.ca

Key advances

 ■ Selectively increasing the HDL‑
cholesterol level with a cholesteryl ester 
transfer protein inhibitor (dalcetrapib) 
that did not decrease the LDL‑cholesterol 
level did not reduce the risk of recurrent 
cardiovascular events6

 ■ Genetic variants that are associated with 
altered HDL‑cholesterol levels, but that 
have no additional influence on other 
lipid or nonlipid risk factors, were found 
to be unrelated to cardiovascular events7

 ■ HDL particle number, assessed by NMR, 
was consistently found in two studies 
to be one feature of HDL that predicts 
cardiovascular events8,9
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