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Summary	 During the past two decades, the importance of the quality of low-density 
lipoprotein (LDL) particles – in addition to its quantity – has become of increasing interest. The 
risk of cardiovascular events was recognized to be closely linked to a predominance of small, 
dense LDL particles. In addition, in patients with Type 2 diabetes mellitus, the disease itself 
and its severity (in particular the degree of insulin resistance) is associated with this subclass 
of LDL particles. Lipid lowering as well as antihyperglycemic drugs have been evaluated in 
many studies concerning their effect on LDL particle size. It has increasingly been recognized 
that a reduction of LDL quantity is not necessarily associated with a beneficial effect on LDL 
quality. Advances in the understanding of alterations in LDL quality may therefore influence 
the choice of the therapeutic regimen in patients with diabetes in the future.
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�� The risk of cardiovascular events is closely linked to a small size and high density of low-density 
lipoprotein (LDL) particles.

�� Insulin resistance and Type 2 diabetes mellitus are associated with small and dense LDL particles.

�� LDL subfractions are influenced by diet and exercise.

�� Therapies that affect LDL quantity do not necessarily affect LDL quality (size and density).

�� Antidiabetic therapies may have effects on LDL quality in addition to their effects on blood glucose 
levels.

�� With further interventional studies existing in the future, it might become possible to individualize 
the treatment of dyslipidemia beyond the current recommendations that only aim at a quantitative 
reduction of LDL levels.
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Small dense low-density lipoprotein 
particles: priority as a treatment target in 
Type 2 diabetes?

Review

Philipp A Gerber*, Giatgen A Spinas & Kaspar Berneis

High serum low-density lipoprotein (LDL) 
cholesterol levels are considered one of the 
most important additional cardiovascular risk 
factor in both Type 1 and Type 2 diabetes mel-
litus and, from a quantitative point of view, 
therapies that lower LDL cholesterol levels have 
been shown in multiple studies to effectively 

reduce the incidence of cardiovascular events 
for both primary and secondary prevention in 
patients with diabetes [1–4]. This article aims 
at throwing a light at the qualitative aspects of 
LDL particles and their importance concerning 
cardiovascular risk in patients with diabetes 
mellitus.
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Lipoprotein subfractions
Previously, analysis of both LDLs and high-den-
sity lipoproteins (HDLs) resulted in the char-
acterization of subfractions of these particles. 
Initial efforts to separate lipoprotein subclasses 
were performed using analysis by ultracentrifu-
gation [5]. This method takes advantage of the 
different flotation rates of the lipoprotein par-
ticles, which in turn is dependent on their size, 
shape, density and physiochemical composition. 
Additional methods have been developed to sep-
arate particles, using nondenaturing gradient gel 
electrophoresis [6], nuclear resonance spectros-
copy [7] and ion mobility [8]. Based on the ultra-
centrifugation pattern of LDL particles, at least 
four major subspecies can be classified: large 
(LDL‑I), medium (LDL‑II), small (LDL‑III) 
and very small (LDL‑IV) particles [9].

Different pathways in the processing of parti-
cles with higher density (very LDL and interme-
diate-density lipoprotein) are thought to be the 
reason for the variations in the size and density 
distribution of LDL particles [10]. Triglyceride 
availability in turn seems to play an impor-
tant role in the determination of these path-
ways. In hypertriglyceridemia, the formation 
of small, dense LDL particles is favored when 
there is an increased exchange of triglycerides 
from triglyceride-rich lipoproteins to LDL and 
HDL particles in exchange of cholesteryl esters 
through the action of cholesteryl ester transfer 
protein (CETP) [11]. This process results in the 
generation of very LDL particles enriched in 
cholesteryl esters and smaller, triglyceride-rich 
LDL particles, which then are good substrate for 
the hepatic lipase, whereas levels of HDL cho-
lesterol decrease. A strong inverse correlation of 
CETP levels with HDL cholesterol in moder-
ately hypertriglyceridemic subjects is well known 
[12], CETP is therefore thought to play a major 
role in the generation of a more atherogenic lipo-
protein profile. Therefore, CETP inhibition has 
become a promising target in the treatment of 
dyslipidemia [13]. The binding affinity of this 
enzyme is higher for small lipoproteins, thereby 
regulating total plasma LDL concentrations as 
well as the production of small, dense LDL, from 
larger, more buoyant precursors (Figure 1) [14].

In accordance with the assumptions concern-
ing these pathways, many studies have shown a 
strong correlation of plasma triglycerides and the 
levels of very LDLs with an increase in density 
as well as a decrease in size of the predominant 
LDL subspecies [15–17].

Characterization of the LDL quality of indi-
vidual patients includes the relative size of the 
different subclasses LDL-I, -II, -III and -IV as 
well as the ‘peak size’ of particles, the size of 
the most abundant particles in this individual. 
Based on these measurements, it was recognized 
that individual lipid profiles normally cluster 
into two patterns of LDL size distribution: The 
majority of profiles demonstrates a predomi-
nance of large or medium sized LDL particles 
(LDL pattern A), whereas a substantial minor-
ity exhibits the LDL pattern B with a higher 
proportion of smaller LDL particles [18].

Small LDL particles & cardiovascular risk
Studies correlating LDL qualities with cardiovas-
cular risk most commonly use the distribution 
(absolute or relative) of LDL particle size and 
density, but also the peak LDL size. A pheno
type with predominance of small LDL particles 
is associated with an approximately threefold 
increased risk of coronary artery disease. This 
has already earlier been shown in different stud-
ies of myocardial infarction [19,20] as well as 
coronary disease without infarction [21].

One of the most important questions when 
considering the clinical value of LDL particle 
size measurements and the assessment of the 
risk that is associated with a specific LDL lipid 
profile is whether this information adds relevant 
information to that which is already provided 
by traditional lipid profiles. A systematic review 
published in 2009 concludes that previous stud-
ies have not “determined whether any measures 
of LDL subfractions add incremental benefit to 
traditional risk factor assessment” [22].

However, more recent studies have added 
relevant information on the predictive infor-
mation of LDL particle size, which extends its 
value beyond the information of traditional 
lipid profiles. We could show that an eleva-
tion of small LDL (as assessed by gradient gel 
electrophoresis) was associated with a signifi-
cant increase in the incidence of cardiovascu-
lar events during a 2‑year follow-up in patients 
with noncoronary atherosclerosis independent 
of standard lipid measurements and other risk 
factors [23]. Another group could show that the 
amount of small LDL particles in patients with 
acute ischemic stroke is associated with disease 
status, as well as total and in-hospital mortality, 
independently of other lipids and standard risk 
factors [24]. In addition, common carotid artery 
intima–media thickness (IMT) as a surrogate 
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end point for cerebrovascular disease was shown 
to be independently associated with small dense 
LDL [25]. Similarly, another study confirmed 
small dense lipoprotein particles to be the best 
marker of carotid atherosclerosis assessed by 
IMT compared with other lipid parameters [26]. 
Furthermore, in 172 patients with Type 2 dia-
betes mellitus, LDL particle size was independ-
ently associated with carotid IMT regardless of 
antidiabetic and lipid-lowering medications [27].

Different mechanisms are proposed to con-
tribute to the more atherogenic characteristics 
of small dense LDL particles. In addition to 
the higher susceptibility of these particles to 
oxidative modification [28,29], there is grow-
ing evidence that they are also more prone to 
glycation [30].

Small LDL particles & Type 2 diabetes 
mellitus
Patients with Type 2 diabetes mellitus deserve 
particular considerations concerning the LDL 
particle size and density since this disease is in 
many ways linked to the pathways that ulti-
mately direct the production of different LDL 
particles [31]. 

The correlation of a more atherogenic lipo-
protein profile with cardiovascular disease is well 
established in this population. We could show 
that small, dense LDLs are of predictive value 
concerning cardio- and cerebro-vascular events 
in subjects with the metabolic syndrome, and this 
predictive value was independent from other risk 
factors as low HDL cholesterol, elevated fasting 
glucose, elevated blood pressure or smoking [32]. 
Likewise, in patients with an established diagno-
sis of Type 2 diabetes mellitus, clinically appar-
ent and nonapparent atherosclerosis (coronary 
heart disease) was best predicted by LDL particle 
size compared with other lipid parameters (total 
cholesterol, LDL cholesterol, HDL cholesterol, 
triglycerides, apoB, apoA‑I, apoC‑III) [33].

Furthermore, not only cardiovascular events, 
but also the incidence of Type 2 diabetes itself 
has been shown to be associated with LDL par-
ticle size. When cohorts with either LDL size 
pattern A or pattern B are compared, those with 
pattern B exhibit significantly higher insulin 
resistance with higher glucose elevations and 
plasma insulin concentrations during a glucose 
tolerance test [34]. In a later study, an increase 
of 5 Å in LDL size was associated with a 16% 
decrease in the risk of developing Type 2 diabetes 
mellitus [35].

The inverse correlation – an increased LDL 
size in patients with Type 2 diabetes – has also 
been demonstrated by many studies. Early inves-
tigations reported more than a twofold higher 
prevalence of the type B lipid profile in patients 
with Type 2 diabetes mellitus (52% of patients 
vs 24% in the control group) [36]. This associa-
tion was also shown in women with gestational 
diabetes mellitus who presented with a decreased 
LDL particle size when compared with normo-
glycemic women [37], as well as in women with 
another state of increased insulin resistance, 
polycystic ovary syndrome [38,39]. Studies investi-
gating insulin resistance with the hyperinsuline-
mic clamp technique could show that progressive 
insulin resistance was associated with a decrease 
in LDL size as a result of a marked increase in 
small LDL particles. These correlations were also 
evident when only normoglycemic individuals 
were included in the analyses and persisted in 
multiple regression analyses adjusting for age, 
BMI, sex and race [40]. A more recent prospective 
study was performed in a very large cohort of 
26,836 initially healthy women who were fol-
lowed for 13 years. Women who developed dia-
betes during follow-up had a much larger propor-
tion of small LDL particles at baseline compared 
with those who stayed healthy [41].

Figure 1. Suggested pathways in the generation of the major low-density 
lipoprotein subclasses. 
CETP: Cholesterol ester transfer protein; HL: Hepatic lipase; 
IDL: Intermediate-density lipoprotein; LDL: low-density lipoprotein;  
LPL: Lipoprotein lipase; TG: Triglyceride; VLDL: Very low-density lipoprotein. 
Modified with permission from [10].
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Diabetes is associated with an impaired triglyc-
eride metabolism, and triglyceride levels in indi-
viduals with diabetes correlate directly with indices 
of glycemic control. The clearance of triglyceride-
rich lipoproteins is lower in Type 2 diabetes, and 
the production of triglyceride-rich lipoproteins 
is increased. Responsible for these alterations in 
triglyceride metabolism are a reduced activity of 
the insulin-dependent lipoprotein lipase [42] and 
an increased delivery of free fatty acids to the liver, 
respectively [43]. Triglyceride concentration is one 
of the most significant known determinants of 
LDL particle size, a fact that is mirrored by some 
studies that demonstrate that insulin resistance 
is a significant predictor of LDL size, but is no 
longer a predictor of LDL size when triglycerides 
are added to the statistical model [44].

Effects of diet & lifestyle on LDL 
particle size
Many recent studies have focused on the pos-
sibly negative influence of changes in lifestyle, 
especially in diet, on LDL particle size.

After ingestion of a meal, short-term modifi-
cations of LDL particle size are observed. After 
a standardized glucose tolerance test (75 g glu-
cose), a reduction of LDL size has been observed 
in individuals with LDL size pattern A, but not 
those with pattern B [45]. An oral fat load is con-
sistently associated with an increase in density 
and a decrease in size of LDL particles [46,47].

However, in interventional studies that com-
pared the effects of different diets on LDL 
particle size, low-fat (high-carbohydrate) diets 
were associated with a smaller LDL particle size 
as compared with high-fat (low-carbohydrate) 
diets. These results were observed during short-
term studies (3 days [48]), but also in studies 
of longer duration (4 weeks [49]). A long-term 
(9 months) study of overweight or obese mid-
dle-aged adults showed that an increase in LDL 
size is achieved during a low-carbohydrate diet, 
whereas no difference was observed during a 
low-fat diet. The change in bodyweight did not 
differ between these two groups [50].

There are also data on the impact of more 
subtle changes in diet habits on LDL particle 
size. When we compared the intake of glucose 
and fructose in recent studies, an observational 
study of overweight school children found that 
fructose intake was a predictor of a smaller LDL 
particle size. In an interventional study we com-
pared the influence of low-to-moderate sugar-
sweetened beverage consumption in healthy 

young men, where only fructose containing 
drinks (not those containing glucose), induced 
a reduction of LDL particle size and a more 
atherogenic LDL subclass distribution [51].

Extensive research has been performed on the 
possibly beneficial effect of exercise on the low-
density lipid profile. One study assessed the effect 
of an endurance training (three-times a week) dur-
ing an 8‑week trial in a study population consist-
ing of previously sedentary hypercholesterolemic 
adults. In the view of other studies that could 
show an improvement of cardiovascular risk fac-
tors by exercise, the result of this study – a decrease 
in LDL particle peak diameter accompanied by a 
decrease in the proportion of large LDL particles 
– was contrary to what would be predicted [52]. 
Similarly, another study performed by the same 
authors did not show an improvement of LDL 
peak size or LDL size distribution after a com-
bined low-fat diet/exercise regimen over 20 weeks 
in obese women [53]. The latest study of these 
authors, presenting a comparison of a 12‑week 
dietary restriction with 12‑week endurance train-
ing, concludes that dietary restriction increases 
LDL particle size, while endurance training aug-
ments HDL particle size, but none of these inter-
ventions concomitantly increased both LDL and 
HDL particle size [54]. Positive effects of exercise 
on HDL, but not LDL size were also shown in a 
randomized trial in 20 women with polycystic 
ovary syndrome [55]. These data of interventional 
trials are underlined by the observation that there 
is no significant difference in LDL peak particle 
diameter between exercisers and sedentary men 
aged 30–45 years [56].

Lipid-lowering agents targeting LDL 
particle distribution
Statins are among the most potent drugs con-
cerning the lowering of total LDL cholesterol 
levels as well as improvement of clinical end 
points (cardiovascular events and cardiovascu-
lar mortality) in patients with diabetes mellitus 
[2,57–59]. On the other hand, the effect on LDL 
particle size is often none or only moderate. 
However, in the light of accumulating data on 
the different compounds of this class and their 
different action in improving dyslipidemia, a dif-
ferentiated assessment concerning their effect on 
LDL particle qualities is necessary.

In a multicenter, double-blind, randomized 
study on fluvastatin (which has a comparably 
weak effect in reducing LDL cholesterol levels), 
performed in 89 patients with Type 2 diabetes 
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mellitus, all LDL subfractions were reduced, but 
reductions in small, dense LDL were the great-
est [60]. By contrast, two studies investigating the 
effects of pravastatin [61] and simvastatin [62] in 
small cohorts of patients with Type 2 diabetes 
mellitus could not demonstrate a difference in 
the reduction of large and small LDL particles. 
There are more data available on the effects of 
atorvastatin on LDL quality in patients with dia-
betes, however these are conflicting. An increase 
in LDL size was observed in monotherapy at dif-
ferent dosages, including high (80 mg/day for 
2 months) and low (10 mg/day for 3 months) 
dosages [63–66]. By contrast, there was a lack of 
efficiency of atorvastatin concerning LDL particle 
size in other studies, including recently published 
data [67–70]. Studies on the effects of rosuvastatin 
do not provide much data collected in patients 
with diabetes. However, existing data from other 
cohorts suggest that an improvement of LDL par-
ticle size is achieved with rosuvastatin in patients 
with high levels of triglycerides at baseline [71–74]. 
Only few data exists on the effects of pitavasta-
tin on LDL particle size, but these data suggest a 
benefit in patients with Type 2 diabetes [75]. 

Similarly to the statins, ezetimibe is able to 
lower total LDL cholesterol levels; by contrast 
to the HMG-CoA reductase inhibition by stat-
ins, ezetimibe works by an inhibition of the 
absorption of dietary and biliary cholesterol. 
Reductions of LDL cholesterol by 15–25% are 
achieved. However, it remains a controversial 
therapeutic agent due to the lack of clinical out-
come data. In a trial of carotid intima media 
thickness progression over 2 years in patients 
with familial hypercholesterinemia, it failed 
to show any benefit [76]. A possible reason for 
this finding is our data in healthy men, where 
a treatment with ezetimibe was associated with 
the development of a proatherogenic LDL sub-
fraction profile (increase in small, dense LDL 
cholesterol particles). Furthermore, when 
administered in combination with simvastatin, 
potentially atheroprotective effects of simva
statin (decrease in small, dense LDL cholesterol 
particles) are offset by ezetimibe [77]. However, 
data on the effects of ezetimibe on LDL parti-
cle size is still conflicting. Other authors report 
no effect of ezetimibe alone on LDL particle 
size in patients with primary hypercholesterol
emia or mixed dyslipidemia [78,79], while a 
recent study describes the same reduction in 
small dense LDL cholesterol particles during 
a 3 months treatment with the combination 

of simvastatin and ezetimibe compared with 
simvastatin alone. Unfortunately, this study 
did not include a group that was treated with 
ezetimibe alone [80].

Fibrates have a potent triglyceride-lowering 
effect. Due to the strong correlation of LDL 
size with plasma triglycerides, it can be rea-
soned that fibrates also affect LDL size. Indeed, 
in patients with Type 2 diabetes mellitus, the 
Diabetes Atherosclerosis Intervention Study 
(DAIS) showed that LDL size increased sig-
nificantly more in the fenofibrate group than in 
the placebo group [81]. Furthermore, in the same 
study, small LDL size added to the effect of LDL 
cholesterol and apoB on the progression of coro-
nary artery disease. Similarly, the Bezafibrate 
Coronary Atherosclerosis Intervention Trial 
(BECAIT) documented a shift in the LDL sub-
class distribution towards larger particle species 
[82] in the treatment group. Finally, when gem-
fibrozil was compared with atorvastatin, it was 
more effective in increasing LDL size compared 
with the statin group in patients with Type 2 
diabetes [66].

Only a few studies have investigated the effect 
of nicotinic acid on LDL size. A beneficial effect 
on LDL particle distribution in patients with 
Type 2 diabetes could be shown in two studies 
using final dosages of niacin of 1–4 g/day [83,84].

Fish oil is known to be effective in reducing 
plasma triglycerides by 25–34% [85]. However, a 
study in 42 patients with Type 2 diabetes rand-
omized to supplementation with 4 g/day of either 
fish oil or corn oil for 8 weeks could not find any 
significant effect of fish oil on the concentration 
of any LDL subclass, including small dense LDL 
particles [86]. By contrast, in the OPTILIP study, 
which compared diets with different n‑6:n‑3 
ratios of polyunsaturated fatty acids in a rad-
omized design in 258 patients, a lower n‑6:n‑3 
ratio was associated with lower levels of small, 
dense LDL particles [87].

There is also conflicting evidence about the 
use of phytosterols. A randomized, placebo-
controlled study in patients with the metabolic 
syndrome showed that a reduction of small, 
dense LDL particles can be achieved with the 
consumption of 4 g of phytosterols per day [88]. 
However, earlier studies could not find a ben-
eficial effect of plant sterols on LDL particle 
size [52,89,90] even though lowering of plasma 
total cholesterol and LDL cholesterol levels 
was found. However, these studies used lower 
amount of phytosterols (1.8–2.7 g). 
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Antihyperglycemic treatments with 
effects on LDL particle distribution
In patients suffering from Type 2 diabetes or 
prediabetes, the question arises as to whether 
glucose-lowering therapies are able to specifically 
target small dense lipoproteins since the genera-
tion of these particles is closely associated with 
insulin resistance and poor-glycemic control.

A study that evaluated the effect of insulin 
therapy on LDL particle distribution could show 
the same proportion of small dense LDL parti-
cles (non‑A phenotype) in patients with Type 1 
diabetes mellitus compared with matched con-
trols before and after optimization of glycemic 
control. By contrast, in patients with Type 2 
diabetes mellitus higher proportions of these 
particles were measured (as compared with the 
control group) at the start of the study, and a 
significant improvement of the lipid profile was 
found after the optimization of glycemic control 
with insulin therapy [91].

Whereas an earlier study was not able to show 
any benefit of metformin on LDL particle size in 
patients suffering from Type 2 diabetes (either 
as monotherapy or in addition to sulfonylurea) 
[92], recent data from a trial investigating met-
formin in addition to sulfonylurea suggests an 
increase in LDL particle size due to an increase 
in lipoprotein lipase production [93].

Effects of the thiazolidinediones on LDL par-
ticle quality have been assessed using rosiglita-
zone or pioglitazone. Rosiglitazone significantly 
increased LDL buoyancy as well as LDL particle 
size in 72 patients with Type 2 diabetes mellitus 
in a 12‑week, placebo-controlled study [94]. An 
open label study of the same duration, confirmed 
an increase in LDL size, with less small, dense 
LDL particles in 18 diabetic patients. However, 
these antiatherogenic changes concerning LDL 
size (in the fasting state) were accompanied by 
more proatherogenic changes in HDL subclasses 
postprandially [95]. Furthermore, a study inves-
tigating the effect of rosiglitazone in patients 
with Type 2 diabetes and HIV infection found 
an increase in small dense LDL particles during 
12 weeks of treatment with rosiglitazone [96]. 
Pioglitazone compared with placebo has been 
studied in 54 patients with Type 2 diabetes for 
16 weeks. An increase in LDL particle diam-
eter, together with a decrease of LDL density, 
was observed without any changes in the classic 
lipid parameters (triglycerides, total cholesterol, 
LDL and HDL cholesterol) [97]. This finding 
was confirmed in subsequent studies [98,99]. 

When the effects of pioglitazone on LDL size 
were compared with those induced by diet and 
exercise in a randomized study in 37 obese sub-
jects, they were reported to be comparable. Of 
interest, they did not correlate with a decrease 
of triglyceride levels in the pioglitazone group, 
which was the case in the diet/exercise group 
[100]. In light of these studies, a randomized 
double-blind trial of more than 700 patients 
with Type 2 diabetes which compares piogli-
tazone and rosiglitazone is of interest. During 
24  weeks of treatment, total LDL particle 
concentration was reduced in the pioglitazone 
group, but increased in the rosiglitazone group. 
Both treatments were able to increase LDL par-
ticle size, but pioglitazone has a greater effect 
[101]. We confirmed these findings in our own 
study [102].

An effect of GLP‑1 treatment on LDL par-
ticle size in addition to the effects of simulta-
neous insulin therapy was already observed in 
an early study that investigated GLP‑1 effects 
before GLP‑1 agonists and dipeptidylpeptidase 
IV (DPP‑IV) antagonists became clinically avail-
able [103]. However, further studies are required to 
confirm the effect of these new antihyperglycemic 
therapy options that are now available.

Conclusion
In summary, small dense LDL particles are an 
important parameter in the characterization of 
the cardiovascular risk in patients suffering from 
the metabolic syndrome or Type 2 diabetes mel-
litus. Furthermore, they are able to predict the 
incidence risk of diabetes itself in healthy indi-
viduals. Its predictive value concerning insulin 
resistance or incidence of cardiovascular events 
is often superior compared with other risk fac-
tors, underlining its important position in the 
altered lipoprotein metabolism in patients with 
Type 2 diabetes.

Lifestyle and pharmacological interventions 
targeting small, dense LDL particles have sub-
stantial effects on morbidity and mortality, and 
therapies that are able to reduce total LDL lev-
els without decreasing small dense LDL parti-
cles may not be as beneficial as those that also 
improve the quality of LDL particles, in particu-
lar in patients with Type 2 diabetes considering 
the higher prevalence of a pattern with more 
small, dense LDL particles in this population. 

As small, dense LDL particles are difficult 
to measured in nonspecialized laboratories, 
their use in daily clinical routine cannot be 
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recommended yet. However, many alternative 
approaches – as lipid indices used as surrogate 
markers for altered LDL particle quality – do 
not provide the same information as original 
measurements of LDL size and density.

Future perspective
Many aspects of the impact of LDL density and 
size are still not fully elucidated. The capabil-
ity of providing an accurate estimate of cardio
vascular risk has to be compared with other LDL 
particle characteristics in further studies. LDL 
particle number indirectly measured by apoB or 
directly by nuclear magnetic resonance spectro
scopy has emerged as an additional predictor 
of cardiovascular risk [104] providing informa-
tions that is not equivalent to the information 
provided by LDL size [105].

Furthermore, large clinical end point studies 
in patients with diabetes are necessary as a basis 
that allows the formulation of standard recom-
mendations concerning the therapy of altered 
LDL quality. Such studies should assess whether 
there are treatments that reduce the burden of 
cardiovascular disease risk specifically in groups 
of patients with a more unfavorable pattern of 
LDL particles. Furthermore, prospective stud-
ies comparing antidyslipidemic treatments with 

comparable effects on the conventional lipid 
parameters, but differentially affecting LDL 
size or number may help to dissect these specific 
effects on the modulation of cardiovascular risk. 
Finally, there is a specific need to evaluate new 
antihyperglycemic treatment options for patients 
with Type 2 diabetes mellitus concerning their 
effects on LDL quality, considering the fact that 
the shift to smaller, denser lipoprotein particles 
is a classic feature of Type 2 diabetes that may 
contribute to the risk profile associated with this 
disease.

With such studies existing, it might be possi-
ble in the future to individualize the treatment of 
dyslipidemia beyond the current recommenda-
tions that only aim at a quantitative reduction of 
lipid levels, particularly in patients with diabetes.
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