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 Background 

 The inverse relationship between plasma levels of 
high-density lipoprotein (HDL) and cardiovascular dis-
ease has been extensively described  [1, 2] . However, sev-
eral lines of evidence have indicated that HDL functional-
ity can be impaired under pathological conditions  [3, 4] , 
suggesting that the assessment of HDL function might be 
more relevant than that of HDL-cholesterol (HDL-C) 
plasma levels.

  HDLs are a class of structurally and functionally het-
erogeneous particles  [5] . In atherosclerosis-related dis-
eases, variations in HDL subfraction levels and functions 
are frequently observed, suggesting that large HDL par-
ticles are inversely associated while small HDL particles 
are positively associated with cardiovascular disease  [5] .

  These considerations, supported by several studies, in-
dicate that beside the measurement of standard lipids, in-
cluding HDL-C levels, the measurement of specific HDL 
subfractions might help to better evaluate the risk of car-
diovascular events.

  HDL Classification, Metabolism and Functions 

 HDLs are a class of heterogeneous lipoproteins  [5] ; 
their heterogeneity is attributable to a different content 
of apolipoproteins, lipids and enzymes and to the remod-
elling of HDL particles by lipolytic enzymes, lipid trans-
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 Abstract 

 Although the inverse relationship between plasma levels of 

high-density lipoprotein (HDL) and cardiovascular disease 

has been largely demonstrated, many observations have 

suggested that the assessment of HDL functionality might 

be more informative than a simple measurement of HDL-

cholesterol plasma levels. HDLs are a class of structurally and 

functionally heterogeneous particles; in atherosclerosis-re-

lated diseases, changes in HDL subfraction levels and func-

tions are frequently observed. Circulating levels of large HDL 

particles are decreased in dyslipidaemic conditions, while 

levels of small dense HDL particles are increased in patients 

with coronary heart disease. Furthermore, specific genetic 

defects in proteins involved in HDL metabolism significantly 

impact the distribution of HDL subpopulations. Finally, many 

drugs used for dyslipidaemia induce changes in HDL sub-

fractions strictly related to cardiovascular disease. Although 

several methods exist to evaluate HDL subclass levels, most 

of them are not easily applicable in clinical practice, due to 

the costs and high variability. However, the possibility to 

measure the levels of specific HDL subfractions in patients 

with atherosclerosis-related diseases might help to better 

define their cardiovascular risk. 
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porters and by lipid and apolipoprotein exchange with 
other circulating lipoproteins and tissues. Different HDL 
subpopulations carry distinct and specific proteins or 
lipids, suggesting distinct and characteristic functions 
 [5] .

  Several HDL subpopulations can be obtained using 
various separation techniques; the comparison between 
particles obtained with different procedures is not easy, 
as each subclass may contain particles with different char-
acteristics ( table 1 ).

  HDL can be classified on the basis of density, resulting 
in the large buoyant HDL2 and the small dense HDL3, 
which can be further subfractionated into 5 distinct sub-
populations (HDL2b, HDL2a, HDL3a, HDL3b and 
HDL3c;  table 1 )  [5] . Alternatively, HDLs can be separated 
on the basis of their electrophoretic mobility in pre-β-

particles, α-particles and pre-α-particles  [5] . HDLs can 
also be classified according to their main apolipoprotein 
content  [5]  into particles containing only apolipoprotein 
A-I (apoA-I, LpA-I) or both apoA-I and apoA-II (LpA-
I/A-II;  table 1 ).

  After synthesis in the liver and intestine, apoA-I is 
secreted and interacts with cells, acquiring phospholip-
ids (PL) and free cholesterol (FC), thus generating 
 discoidal pre-β-HDL ( fig. 1 ). These nascent particles in-
teract with peripheral tissues further acquiring FC, 
which is then esterified by lecithin-cholesterol acyl-
transferase (LCAT); the hydrophobic cholesteryl esters 
(CE) move into the centre of the particles, resulting in 
the conversion into spherical lipoproteins (α-HDL), the 
major type of circulating HDL. Small α-HDLs may fur-
ther enlarge by acquiring more FC from peripheral cells; 
LCAT-mediated esterification of FC generates large 
spherical HDL2 particles that contain a lipid core com-
posed of CE and triglyceride (TG). Phospholipid trans-
fer protein (PLTP) and cholesteryl ester transfer protein 
(CETP) contribute to the HDL remodelling. Spherical 
HDL can be remodelled by lipases resulting in the re-
duction in HDL size, the formation of lipid-poor HDL 
particles and the release of lipid-free apoA-I, which can 
restart the lipidation cycle.

  The heterogeneity of HDLs is also reflected in their 
functions, since different subpopulations play distinct 
roles. HDLs possess several anti-atherogenic functions .  
The best characterized activity of HDL is reverse cho-
lesterol transport, the process by which excess choles-
terol is transported from the peripheral tissues to the 
liver for excretion. Different HDL subpopulations inter-
act with different cellular receptors to remove excess 
cholesterol from cells  [5] . Besides, HDLs, and in par-
ticular small dense HDL3, exert anti-inflammatory and 
anti-oxidant activities  [5] . HDLs have a protective effect 
on vascular endothelium, are anti-thrombotic and anti-
infectious  [5]  and play a role in the modulation of im-
mune responses  [6]  and the control of glucose homeo-
stasis  [7] .

  HDL Subpopulation and Cardiovascular Disease 

 The relationship between circulating levels of HDL 
subpopulations and protection against cardiovascular 
disease is still unclear; nevertheless, it is widely estab-
lished that HDL metabolism and subfraction distribu-
tion are altered under dyslipidaemic conditions and, ex-
cept for slight differences, decrease in large HDL2 and 

Table 1.  HDL subclasses

Shape
Discoidal
Spherical

Density (ultracentrifugation)
HDL2
HDL3

Size (non-denaturing gel electrophoresis)
HDL2b
HDL2a
HDL3a
HDL3b
HDL3c

Charge (2-dimensional electrophoresis)
Pre-β-particles:

Pre-β1 (HDL3, LpA-I)
Pre-β2 (LpA-I)
Pre-β3 (LpA-I)
Pre-β4 (LpA-I)

-Particles:
Very small discoidal -4 (HDL3, LpA-I)
Small spherical 3 (HDL3, LpA-I:A-II)
Medium spherical 2 (HDL3, LpA-I:A-II)
Large spherical 1 (HDL2, LpA-I)

Pre- particles:
Pre-1 (LpA-I)
Pre-2 (LpA-I)
Pre-3 (LpA-I)
Pre-4 (LpA-I)

Composition (immunoaffinity)
LpA-I (prominent components of both HDL2 and HDL3)

Large LpA-I
Medium LpA-I
Small LpA-I

LpA-I
A-II (most found in HDL3)

http://dx.doi.org/10.1159%2F000346463


 Pirillo/Norata/Catapano Cardiology 2013;124:116–125
DOI: 10.1159/000346463

118

increase in small HDL3 and pre-β 1 -HDLs are commonly 
observed in dyslipidaemia  [8] . Several observations have 
suggested that HDL subpopulation levels are better pre-
dictors of coronary heart disease (CHD) than HDL-C 
levels.

  HDL2 and HDL3 
 Several studies have shown an inverse relationship be-

tween HDL-C levels and coronary artery disease (CAD) 
risk, but different HDL subfractions may exhibit distinct 
protective activities. In fact, HDL2 levels, in particular 
HDL2b subfraction, are lower in patients with CAD com-
pared to healthy subjects  [9]  and inversely related to both 
disease severity and progression of coronary lesions  [10] . 
Based on several observations, the HDL2-C level appears 
to be more predictive of CHD risk than HDL-C or HDL3-
C ( table 2 )  [9, 11] .

  In dyslipidaemic subjects, a significant reduction in 
large HDL2b and a rise in small pre-β 1 -HDLs have been 
observed, compared to subjects with desirable plasma lip-
id levels  [12] . Accordingly, average HDL particle size was 
reduced in women with CAD compared to healthy sub-
jects  [13] ; patients with acute ischemic stroke had signif-
icantly smaller HDL size, more HDL3 and less HDL2b 
particles  [14] , and in myocardial infarction survivors, 
HDL2b was significantly lower than in controls and in-
versely correlated with body mass index, smoking, TG 
and low-density lipoprotein-cholesterol (LDL-C) levels 

 [15] . A similar reduction in large HDL2 particles and an 
increase in small particles were also observed in non-
obese type 2 diabetics  [16] , in overweight and obese sub-
jects  [17–19] , in subjects with metabolic syndrome  [20]  
and in CHD subjects with diabetes when compared to 
CHD subjects without diabetes  [21] .

  Pre-β-Particles 
 Pre-β-particles, which represent only a small portion 

of HDL, play a key role in the reverse cholesterol trans-
port process; however, CHD patients show higher levels 
of pre-β-particles compared to healthy subjects  [22–24] , 
due to defective activity of enzymes involved in the HDL 
maturation cycle or to enhanced enzymatic remodelling 
of α-HDL induced by high plasma TG levels ( table 2 )  [17, 
25, 26] .

  Pre-β-HDL levels are increased in patients with CAD 
or ischemic heart disease even when excluding dyslipi-
daemic conditions  [23, 27] ; furthermore, the mean pre-
β-HDL level is significantly higher in subjects with un-
stable angina pectoris than in patients with stable CAD 
 [27] . A similar direct association of pre-β-HDL with 
CHD and myocardial infarction was found even after ad-
justment for established risk factors  [22] . In diabetics, the 
pre-β-HDL concentration was higher compared to non-
diabetic subjects and positively correlated with carotid 
intima media thickness  [28] . Also, postmenopausal 
women with established CAD had higher levels of pre-β-

ApoA-I

Liver
intestine

PL, FC PL, FC FC
Pre-β1

ApoB-containing
lipoproteins

HDL2bHDL2aHDL3

Peripheral
cells

ABCG1/4

LCAT CETP

CETP; HL; PLTP

TGCE
ABCA1

   Fig. 1.  HDL metabolism. ApoA-I secreted by the liver and intestine 
associates with PL and FC to form discoidal nascent pre-β-HDLs, 
which acquire further PL and FC from peripheral tissues. LCAT 
esterifies FC into cholesteryl ester (CE), which moves into the core 
of the particle converting discoidal to spherical HDL particles. 
CETP mediates the exchange of HDL cholesteryl ester onto apoB-
containing lipoproteins in exchange for TG. HDL is also digested 

by hepatic lipase (HL), which hydrolyzes HDL PL and TG, releas-
ing smaller HDL and lipid-poor apoA-I that can restart the cycle. 
CETP and phospholipid transfer protein contribute to the genera-
tion of small pre-β 1 -particles from large α-particles. ABCA1 = 
ATP-binding cassette transporter A1; ABCG1/4 = ATP-binding 
cassette transporter G1/4.  
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HDL and lower levels of large α-particles than control 
women, confirming that the profile distribution of HDL 
subpopulations could be more informative than HDL-C 
concentrations in the assessment of cardiovascular risk 
 [29] .

  α-Particles 
 Large α-particles are inversely associated with cardio-

vascular disease  [30–32] ; in fact, CHD patients have sig-
nificantly lower concentrations of large α 1 - and pre-α-
particles compared to control subjects, while small 
pre-β1 and α 3 -subfractions are considerably higher ( ta-
ble 2 )  [31, 33] . Similarly, a significant negative correla-
tion between changes in α 1 -HDL particle concentration 
and coronary stenosis has been reported  [30] . In CHD 
 patients with low HDL-C and normal LDL-C levels, a 
low α 1 -particle level was the most significant parameter 
able to predict recurrence of cardiovascular events 

 [32] .  Accordingly, the Framingham Offspring Study 
 revealed that 1 mg/dl increase in the α 1 -particle level re-
duced odds of CHD by 26%, while 1 mg/dl increase in 
HDL-C only reduced odds of CHD by 2%  [31] .

  LpA-I and LpA-I:A-II 
 Both LpA-I and LpA-I:A-II levels were reduced in sub-

jects with angiographically established CAD compared to 
control subjects  [34]  and in patients with incident CHD 
compared to subjects free of CHD ( table 2 )  [35] . In men 
with symptomatic CAD, the proportion of large LpA-I, 
the most effective in promoting cholesterol efflux, was 
lower compared to subjects with no symptoms of CAD 
 [36] . LpA-I is considered anti-atherogenic, due to its 
greater ability to promote cholesterol efflux, and an in-
crease in LpA-I/LpA-I:A-II ratio seems to have a protec-
tive role. However, other studies did not support this hy-
pothesis  [37] , a discrepancy that may be once more re-

Table 2.  HDL subpopulations in cardiovascular disease

HDL subclasses Reference

HDL2, HDL3
↓HDL2 in CAD patients [9]
HDL2 negatively correlate with disease severity and lesion progression [10]
Small HDL particles associate with adverse cardiometabolic risk profile [77]
↓HDL2 in dyslipidemic subjects [12]
Women with CAD: ↓average HDL particle size [13]
↑HDL3 and ↓HDL2b levels in subjects with acute ischemic stroke [14]
HDL2b: myocardial infarction survivors < controls [15]
↓HDL2b levels in non-obese type 2 patients [16]
↓HDL2 and ↑HDL3 in overweight and obese patients [17–19]
↑HDL3 and ↓HDL2 in subjects with metabolic syndrome [20]
↑HDL3 and ↓HDL2 in CHD subjects with diabetes compared to CHD subjects without diabetes [21]

Pre-β-HDL
CAD patients > controls
Unstable angina pectoris > stable CAD

[27]

Ischemic heart disease patients > no ischemic heart disease [23]
Positive association with CHD and myocardial infarction [22]
Positive correlation with intima media thickness in type 2 diabetic patients [28]
Postmenopausal CAD women > postmenopausal women without CAD [29]
Positive correlation with total cholesterol levels [78]
Higher levels in overweight and obese patients [19]

-HDL
↓1 and pre- and ↑3 particles in CHD patients [31, 33]
Negative correlation between 1 levels and coronary stenosis [30]
Low 1-particles predict recurrence of cardiovascular events [32]
↑1 mg/dl 1-particle reduced odds of CHD by 26%
↑1 mg/dl HDL-C reduced odds of CHD by 2% 

[31]

LpA-I, LpA-I:A-II
↓LpA-I and LpA-I:A-II in patients with established CAD [34]
↓LpA-I and LpA-I:A-II in patients with incident CHD [35]
↓Large LpA-I in subjects with symptomatic CAD [36]
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lated to the heterogeneity of LpA-I and LpA-I:A-II 
subpopulations ( table  1 ). The inverse correlations be-
tween large and small particles suggest that when one par-
ticle level increases the other decreases within the same 
LpA-I or LpA-I:A-II subclasses, resulting in unchanged 
LpA-I or LpA-I:A-II levels but in structurally and physi-
ologically different HDL particles.

  Effects of Genetics on HDL Subpopulations 

 A large number of proteins, enzymes and receptors are 
involved in the metabolism of HDL; mutations in the 
genes encoding for these proteins have been associated 
not only with changes in HDL-C levels but also with al-
terations in HDL structure, as is the case for CETP and 
LCAT.

  Hyperalphalipoproteinaemia caused by CETP defi-
ciency has been associated with striking changes in lipo-
protein profile and composition  [38] . HDL particles from 
subjects with complete CETP deficiency have an abnor-
mal size and exhibit relevant changes in the apoprotein 
content  [38] , and their functionality is a matter of debate. 
HDL2 from subjects with CETP mutations more effi-
ciently promoted cholesterol efflux compared to control 
HDL2  [39–41] . A case of complete CETP deficiency re-
sulted in extremely elevated HDL-C and apoA-I levels, 
with a significant increase in both LpA-I and LpA-I:A-II 
levels, a high pre-β-particle content and HDL2 larger 
than normal  [42] . The subject had no atherosclerotic 
plaques in carotid and femoral arteries; however, it is dif-
ficult to relate this finding with the HDL phenotype de-
termined by CETP deficiency. Overall, CETP deficiency 
was associated with altered composition. Whether the 
same occurs with pharmacological CETP inhibitors is 
still under investigation.

  LCAT mutations are associated with multiple altera-
tions in HDL structure and particle distribution, with a 
selective depletion of large α-particles and a predomi-
nance of small pre-β-HDLs  [43] , due to their inability to 
mature into spherical HDLs caused by LCAT deficiency. 
Alterations in HDL particle distribution, and particularly 
the very high content of pre-β-HDL, resulted in an in-
creased capacity of LCAT-deficient serum to promote 
cholesterol efflux  [43] . This might explain why, despite 
reduced HDL-C levels, LCAT deficiency does not re-
markably increase preclinical atherosclerosis and could 
even be protective for human arteries  [43] .

  Other mutations are associated with altered HDL sub-
population profile (decrease in large α-particles or preva-

lence of small particles), as well as with altered antioxi-
dant/anti-inflammatory properties  [44] .

  Although mutations in genes predisposing to low 
HDL levels result in altered HDL subfraction composi-
tion, the connection between these alterations and in-
creased cardiovascular damage is still elusive and de-
serves further investigation.

  Dysfunctional HDL under Pathologic Conditions 

 In addition to changes in the levels of the different sub-
classes, alterations in the structure and, as a consequence, 
in the functions of HDL subpopulations can be observed. 
In fact, under pathological conditions, including chronic 
inflammation, oxidative stress, dyslipidaemia, diabetes 
and atherosclerosis, HDL particles can undergo signifi-
cant composition and structure modifications thus re-
sulting in ‘dysfunctional HDL’, which not only exhibit 
reduced anti-atherogenic properties, but can also acquire 
pro-atherogenic characteristics  [45] . Subjects with meta-
bolic syndrome show altered anti-atherogenic properties 
of HDL, due to changes in the activity of HDL-associated 
enzymes  [20] ; HDL3 from type 2 diabetics display a sig-
nificantly reduced anti-oxidant activity, due to altered 
composition of this subfraction linked to oxidative stress, 
glycaemia and hypertrygliceridemia  [46] . Both HDL2 
and HDL3 from familial hypercholesterolemic (FH) sub-
jects display a reduced ability to mediate cholesterol ef-
flux compared to lipoproteins from normolipidemic sub-
jects  [47] . Furthermore, TG-rich HDL3 from FH patients 
have reduced the anti-inflammatory activity and capacity 
to promote reverse cholesterol transport compared with 
HDL3 derived from FH patients with low serum TG lev-
els, confirming that TG enrichment of HDL particles 
confers pro-atherogenic characteristics  [48] .

  In addition, several enzymatic and non-enzymatic 
modifications of HDL have been described that can in-
duce structural and functional changes in lipids and apo-
proteins of HDL, thus impairing its atheroprotective role 
 [49–52] . Dysfunctional HDL can be either the result of a 
disease or the cause of the disorder.

  HDL as a Therapeutic Target: Effect on HDL 

Subpopulations 

 The enzymes involved in HDL metabolism respond to 
changes in the metabolic status and are modulated not 
only following alterations in HDL levels but also respond 
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to changes in TG-rich lipoproteins and their lipid com-
position. As a consequence, drugs modulating fatty acids 
and cholesterol availability impact both HDL metabolism 
and subclass composition.

  CETP is a key enzyme involved in HDL maturation, 
and its inhibition was associated with the enhancement 
of HDL capacity to promote FC efflux and to mediate the 
selective hepatic uptake of cholesteryl esters, due to the 
increase in large HDL2  [53–55] . Despite CETP inhibi-
tors representing the most potent class of molecules to 
increase HDL-C levels, the possibility that in the long 
term the increase in large HDL2, but not in small HDL3, 
could limit the beneficial impact of these drugs is debat-
ed. Of note, out of four CETP inhibitors in clinical de-
velopment, torcetrapib was stopped because it was asso-
ciated with an increased risk of death from any cause and 
a higher major cardiovascular event rate, probably for an 
off-target effect on blood pressure and aldosterone levels 
 [56] . Trial with dalcetrapib, that increased HDL-C levels 
(by increasing both HDL2 and HDL3 subfractions) 
without affecting LDL-C and TG levels  [57] , despite its 
safety, was suspended for futility (http://www.roche.
com/media/media_releases/med-cor-2012-05-07.htm) 
due to lack of efficacy on clinical endpoints, as no effects 
on endothelial function, atherosclerosis progression or 
arterial wall inflammation were observed  [56] . Data on 
the effects of the two CETP inhibitors still in develop-
ment, anacetrapib and evacetrapib (which, beside HDL-
C increase, also induce a decrease in LDL-C), which did 
not show negative effects on blood pressure or aldoste-
rone levels  [56] , on HDL subclass composition and how 
this might translate into beneficial effects on CAD are 
awaited, representing the last chance for CETP inhibi-
tion to be considered as a useful strategy for CVD risk 
reduction.

  Niacin is the most effective HDL-C-increasing drug 
available in clinical practice which also acts by lowering 
other plasma lipids, including TG and LDL-C. Some 
studies have shown therapeutic efficacy of niacin in re-
ducing cardiovascular risk or in stabilizing or regressing 
atherosclerosis  [58] . Niacin, in combination with lovas-
tatin, was more effective in increasing the proportion of 
the cardioprotective HDL2b subclass, compared with 
statin monotherapies  [59] , and also in selectively in-
creasing LpA-I particle concentration in subjects with 
low HDL-C  [60] . In a small group of diabetics with low 
pre-β-HDL, niacin treatment was associated with a fur-
ther reduction in pre-β-HDL, as the drug promoted pre-
β-particle maturation and improved reverse cholesterol 
transport in diabetes  [61] . A similar effect was reported 

with atorvastatin which was shown to reduce plasma 
pre-β-particle formation in a patient with type 2 diabe-
tes  [62] . It is conceivable that, as increased pre-β-HDL 
levels could be a marker of impaired HDL maturation, 
a reduction in pre-β-HDL by niacin or statins reflects a 
beneficial cardiovascular effect associated with a more 
rapid metabolism of such particles into mature α-HDL, 
contributing to an efficient reverse cholesterol transport 
pathway. Simvastatin-niacin therapy significantly in-
creased the large α 1 -HDL particles  [30] ; this increase 
was significantly associated with less progression of cor-
onary stenosis even after adjusting for traditional risk 
factors.

  Despite these cardiovascular benefits, the AIM-HIGH 
trial, which compared the combination niacin/simvas-
tatin with simvastatin alone, was stopped for lack of effi-
cacy (http://www.nih.gov/news/health/may2011/nhlbi- 
26.htm), as niacin, despite an increase in HDL-C levels, 
failed to determine an incremental clinical benefit in 
CVD patients with LDL-C values at target  [58] . In addi-
tion, during the follow-up period, a small and unex-
plained approximately 2-fold increase in ischemic stroke 
rate was observed in subjects treated with the high dose 
of niacin. However, this trial had many limitations which, 
together with the early study termination, reduce its pos-
sible interpretation  [63] . The much larger HPS2-THRIVE 
trial (http://clinicaltrials.gov/ct2/show/NCT00461630), 
designed to assess the effect of adding niacin to a statin 
therapy, will probably give a definitive conclusion on nia-
cin add-on therapy, which AIM-HIGH was not designed 
to be.

  Treatment with fibrates, including fenofibrate and 
bezafibrate, was associated with increased pre-β 1 -HDL 
levels  [64, 65] , as these drugs promote the conversion of 
large HDL2 into pre-β 1 -HDL by increasing hepatic li-
pase activity, increase very-low-density lipoprotein ca-
tabolism and induce hepatic apoA-I production. Fibrates 
were ineffective in reducing the vascular event risk, with 
the exception of subgroups of patients with atherogenic 
dyslipidaemia, characterized by high TG and low HDL-
C  [66] , suggesting that these drugs should be recom-
mended only for specific subgroups of dyslipidaemic pa-
tients.

  Several studies have reported a significant association 
between omega-3 polyunsaturated fatty acid (PUFA) in-
take and reduction in cardiovascular risk  [67] . Omega-3 
PUFA supplementation was associated with an im-
proved anti-atherogenic profile of HDL  [68] , character-
ized by an increase in large HDL2 and a decrease in small 
HDL3. Of note, such beneficial HDL subclass changes 
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were observed even with the small dose of omega-3 
PUFA provided by daily consumption of fatty fish or be-
low the average dose of purified PUFA preparations 
 [68] . Despite these positive effects on the HDL subpopu-
lation profile, a recent study in patients at high cardio-
vascular risk showed that daily supplementation of ome-
ga-3 PUFA did not reduce the rate of cardiovascular 
events  [69] , a finding confirmed by two meta-analyses 
 [70, 71] , suggesting that there is no evidence to support 
the use of omega-3 supplementation in secondary pre-
vention.

  Overall, available data on the effects of lipid-related 
drugs on HDL subclasses indicate that an increase in 
mature large HDL reflects the beneficial effects of these 
compounds on HDL maturation and activity. The 
 exception is represented by fibrates which, due to their 
peculiar mechanism of action, work at different levels in 
the life cycle of HDL, promoting both maturation and 
activity but also the late stage associated with catabolism, 
thus resulting in an increase in pre-β 1 -HDL, probably 
as a consequence of improved hepatic catabolic activity.

  Conclusions 

 Although several studies have clearly shown an in-
verse correlation between plasma HDL-C levels and car-
diovascular risk, emerging evidence suggests that the an-
ti-atherogenic role of HDL is not simply defined by the 
plasma HDL-C level but rather by the function of HDL 
subspecies. For this reason, besides the measurement of 
HDL-C levels, the assessment of the HDL subpopulation 
distribution profile and functionality might represent 
the best approach to investigate the relationship between 
HDL and CHD and to improve CV risk prediction. 
However, although several methods exist to separate 
HDL subfractions  [72, 73] , most of them are not useful 
in clinical practice, as they are expensive, lengthy and 
results are often ambiguous. In addition, the National 
Lipid Association Biomarkers Expert Panel could not 
find evidence to support HDL subfraction measurement 
for initial clinical assessment or on-treatment manage-
ment decisions in patients with low or intermediate risk, 
nor in patients at high risk or with established CHD who 
experience recurrent events despite appropriate therapy 
 [74] ; similarly, no special patient subgroups were identi-
fied in which HDL sub-fractionation should be recom-
mended.

  However, the study of HDL subclass distribution in 
subjects with cardiovascular disease significantly enrich-

es the comprehension of the complex relationship be-
tween HDL and CAD. It also suggests that HDL-C mea-
surement could not be sufficient to evaluate the impact of 
this lipoprotein class on cardiovascular risk, as demon-
strated by the use of CETP inhibitors or by the lack of 
increase in carotid intima media thickness in carriers of 
apoA-I mutation, despite very low levels of HDL-C  [75] , 
suggesting that HDL quality, i.e. subclass distribution 
and/or subclass functionality, could be more informative 
than HDL-C levels.

  Raising HDL-C is considered one of the targets to re-
duce the residual cardiovascular risk  [76] . However, de-
spite the demonstrations that low HDL-C levels are asso-
ciated with major cardiovascular events in CHD patients, 
even when at target with LDL-C levels, there are no dem-
onstrations that low HDL-C causes cardiovascular events; 
the failure of trials investigating the role of HDL-raising 
therapies (http://www.roche.com/media/media_releas-
es/med-cor-2012-05-07.htm; http://www.nih.gov/news/
health/may2011/nhlbi-26.htm) further challenged the 
concept that raising HDL-C levels will always translate 
into risk reduction. Furthermore, as pharmacological in-
terventions able to change the HDL subpopulation pro-
file can also induce changes in HDL-C levels, HDL par-
ticle number and/or other lipid parameters such as TG or 
LDL-C, it is difficult to distinguish the effects related to 
changes in HDL-C and/or specific subfractions from the 
effects related to a general improvement in the lipid pro-
file. Finally, there are no prospective studies demonstrat-
ing that a pharmacological intervention aimed at shifting 
the HDL profile to a more favourable condition is supe-
rior to traditional lipid-lowering therapies in reducing 
cardiovascular risk. Until reliable results from clinical tri-
als will be available, we should withhold the final word on 
the usefulness of HDL subfraction determination in clin-
ical practice.
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