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Abstract
Objective: To study the height LDLsd levels and coronary disease relation.
Methods: Experimental transversal and retrospective study of sample not probabilistic random. 62 individuals
were studied of both sex who did attended a consultation specialized in cardiology at the University Queen Fabiola
Clinic of Cordoba city Argentina. The LDLsd are separated using vertical polyacrylamide gradient gel electrophoresis
to 3% in non-reducing conditions. The presence of LDLsd was established when identified in the serum LDLsd
abnormal band with Rf>0.36.
Results: 26 patients have LDLsd elevated and 36 patients with normal LDLsd Rf<0.36). In 36 (58%) patients with
normal LDLsd, 27 (75%) of them have not coronary disease and diabetes. A correlation study between factors of
risk and coronary disease with a 95% of statically significance resulted that 16 patients with coronary disease had
height LDLsd (Rf>0.36) and 7 patients without disease (p<0.001).
Conclusion: The research revealed high levels of LDLsd in subjects assessed, by association with coronary
disease increased significantly. Patients with normal TGR who had elevated levels of LDLsd had developed
coronary artery disease; it confirms to LDLsd as independent of coronary disease risk factor.

Keywords: LDLsd; Coronary disease; Triglycerides; Hypertension;
Diabetics

Introduction
Cardiovascular disease as atherosclerosis result, continue being the
first cause of death in develop countries and growing in the others
culture. In the last years important advances have been made in the
knowledge of the pathogenesis, course and treatment of this disease. It
has been established at molecular and cellular levels the transcendental
role of lipid metabolism disorders in the development of
atherosclerotic pathology. This knowledge has led if the
dyslipoproteinemia treatment will could make reduced to
cardiovascular diseases in the future [1].
During the early stage in the development of atherosclerosis, low
density lipoproteins (LDL) which have the function of cholesterol
transport in blood, are mainly involved in that process. On the arterial
surface these particles of LDL are hydrolyzed and as part of that
biochemical modification, some may penetrate through the intimal,
where by oxidative processes of the lipoprotein lipids, are modified so
that they are incorporated by macrophages and as result in foam cells
formation [2,3].
Not always increases in apo B have to be accompanied by elevation
of cholesterol since this can be normal. Alternatively there may be a
hiperapobetalipoproteinemia which is characterized by formation of
LDL more small and dense with greater power atherogenic. It is
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known that there are pathologies such as insulin resistance where can
be associated with the increase of the LDLsd and an increase of
triglyceride in blood [4,5]. The LDLsd contains less cholesterol but
higher of apo B levels, making them much more for oxidation and
therefore more atherogenic with respect to other subclasses of LDL
particles [6]. Another important fact is that the LDLsd increased in
insulin resistance disease is often associated with the women
menopausal [7,8].
It is known that the cholesterol have not only the ability to pass
through the vascular endothelium into the intimate. The metabolism
provides lipoproteins for its transport and the LDLsd due to their size
and density can through it below vascular sub endothelium. There is a
relationship between the size of lipoprotein and endothelial damage
while small is the LDLsd bigger is the atherogenic effect. The decrease
in the size and density of the LDL does have up to 40% more than odds
infiltrate to the intimate and increase its atherogenic effect [9-12].
Relating the atherogenic damage with coronary disease process,
many studies made it possible to demonstrate that the size and density
of the LDLsd could have a predictor factor of the disease. These factors
are due to phenotypic determinant of LDL and therefore it is very
important for the pharmacological treatment the pathology, modifying
the susceptibility to oxidation of the particle as well as his movement
into the intimate [13].
A variation of 30% to 60% in the size of LDL particles is explained
by genetic factors Genetic factors with information including the Apo
E, hepatic lipase, cholesterol (CETP) ester transfer protein, lipoprotein
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lipase (LPL) and the cluster of ApoA1/C3/A4/A5. But we must
consider to habits such as food, sedentary lifestyle, diseases as obesity,
insulin resistance, diabetes, etc. also has an effect on the size of the
LDL lipoproteins [14].

Methods
Experimental transversal and prospective study of sample not
probabilistic and random 62 individuals were studied of both sexes
who did attend a consultation specialized in cardiology at the
University Queen Fabiola Clinic of Cordoba city Argentina. The study
was carried out from July 2010 to July 2012, which met the following
inclusion criteria: age ≥ 18 years with personal medical history of
cardiovascular disease (acute infarction myocardium, ischemic heart
disease, heart failure, stroke, peripheral arterial disease and deep
venous thrombosis), renal disease, diabetes mellitus or other
endocrine pathology, liver disease and cancer. The patients were not
treated with statins or drugs that will be modified the lipids or
lipoproteins levels.
Pregnant women were excluded. All the agreements of the
Declaration of Helsinki, obtaining signed informed consent of
individuals studied were approved. By clinical history were obtained
personal data and demographic, personal and family history in the
first degree of consanguinity of arterial hypertension (AHT), ischemic
heart disease (ECI), stroke (stroke), diabetes mellitus (DM) and other
personal medical history, smoking, consumption of alcohol and drug
treatment.

diabetics and 3 (5.2%) have coronary disease and diabetes (Figure 2A).
5 patients (8%) with normal triglycerides, 2 (40%) have not coronary
disease and diabetes, 2 (40%) have coronary disease and 1 (20%) have
coronary disease and diabetes. There are not patients with diabetes in
this group (Figure 2B). When study 9 (14.5%) patients with
hypertension (> 90/150 mmHg), 2 (22.2%) have not coronary disease
and diabetes, 4 (44.4%) have coronary disease, 1 (11.1%) are diabetics,
and 2 (22.2%) have coronary disease and diabetes (Figure 3A). 53
patients (85.4%) with hypertension, 33 (62.2%) have not coronary
disease and diabetes, 12 (23.6%) have coronary disease, 2 (3.7%) are
diabetics and 6 (11.3%) have coronary disease and are diabetics
(Figure 3B). A correlation study between factors of risk and coronary
disease with a 95% of statically significance resulted that 16 patients
with coronary disease had height LDLsd (Rf>0.36) and 7 patients
without disease (p<0.001) (Table 1).

coronary disease

No coronary disease

p

LDLsd elevated

16 (61.5%)

7 (26.9%)

<0.002

TGR elevados

14 (24.5%)

33 (57.8%)

<0.5

Hypertensos

4 (44.4%)

2 (22.2%)

<0.18

Table 1: Table showing the statist significance with different risk
factors

For the study of the LDLsd, 10 mL of blood was extracted by venous
puncture in the crease of the elbow, prior fasting for 12-14 hours. After
centrifugation, the extracted serum was distributed in three aliquots,
using the first for the determination of indicators of lipid profile; the
remaining stored in tubes eppendorf at - 20°C until the moment in
which analyses were carried out. The day of the test sample was
determined in serum levels of small, dense LDL. The LDLsd are
separated using vertical polyacrylamide gradient 3% gel
electrophoresis in non-reducing conditions. 50 ul of total serum is
mixed with 50 ul of sudan black at 0.1% and planted in the gel, 110 V
for 35 minutes in Tris buffer (pH 8.3) glycine at 4°C.
Characterization of the LDLsd bands was carried out based on Rf
(relative mobility). Each LDLsd band Rf is calculated follows: the
presence of LDLsd was established when identified in the serum
LDLsd abnormal band with Rf>0.36.
The statistical analysis was conducted with the SPAD (V.5.6)
software. The value of p less than 0.05 was considered significant. The
data obtained were analyzed by multivariate analysis.

Results
After analysis of 62 patients there are 26 patients with LDLsd
elevated (Rf >0.36) and 36 patients with normal LDLsd Rf<0.36).
According to the analysis in 36 (58%) patients with normal LDLsd, 27
(75%) of them have not coronary disease and diabetes, 5 (13.8%) have
coronary disease, 2 (5.5%) are diabetics and 2 (5.5%) have coronary
disease and diabetes (Figure 1A). In 26 (42%) patients with elevated
LDLsd, 7 (26.9%) have not coronary disease and diabetes, 13 (50%)
have coronary disease 3 (11.5%) are diabetics and 3 (11.5%) have both
pathologies (Figure 1B). Respect to 57 (91.9%) patients with
triglycerides elevated (> 170 mg%), 33 (5.8%) have not coronary
disease and diabetes, 14 (24,6%) have coronary disease, 7 (12.2%) are
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Figure 1A: LDLsd normal in coronary disease and diabetes, Figure
1B: LDLsd elevated in coronary disease and diabetes
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Discussion
Historically has been considered the increase of the concentration
of LDL in blood as a cardiovascular risk factor, the size and density of
the LDL emerges as a new and important risk factor for these diseases.
Although the mechanism has not been well elucidated, there is
evidence that LDLsd is more susceptible to oxidation and increase the
risk of cardiovascular disease. The oxidized LDL itself then becomes
more reactive with the surrounding tissues, which can produce tissue
damage [15]. The present study allowed us to observe that many
patients with normal LDL in blood, their LDLsd is increased. Regards
to cardiovascular risk, the characteristics of size and density of the
LDL are as important as its concentration in blood.
In 26 patients (41.9%) of the sample was detected LDLsd increased,
a higher percentage than expected, because literature has pointed out
that the prevalence of this type of LDL particle is 30-35%. It has been
suggested that LDL size is inversely proportional to dietary intake of
carbohydrates as the prevalence of apo B (apoprotein B) from LDL
phenotype, increasing directly with pathologies such as diabetes [16].
The results show it is possible that the high prevalence of LDLsd in the
sample studied is related with this disease, because 10% of all diabetic
patients have elevated the LDLsd.

Figure 2A: Triglycerides elevated in coronary disease and diabetes,
Figure 2B: Triglycerides normal in coronary disease and diabetes

Although the complexity of the method for determining the levels
of LDLsd could be a limitation, it is important to do because it regards
this lipoprotein as cardiovascular risk factors such concentration of
triglycerides, cholesterol high-density (HDL-C) lipoprotein and
apolipoprotein B. As noted, the highest proportion of LDLsd is
observed when we have high triglyceride concentration > 134 mg/dl
and low (<40) HDL cholesterol concentration, which allows estimating
the presence of LDLsd by the TG/HDL-C ratio, with a cutoff point of
1.35. Contrary to this in our study, we detected that 25 patients with
high LDLsd, 22% of them have normal triglycerides. Abnormalities of
LDL sub-fractions are an aspect to consider between hypertensive
patients, since these individuals already possess a high cardiovascular
risk.
There is evidence of the association between high blood pressure
and LDLsd where other authors have reported, even without evidence
of an altered lipid profile. Increased frequency of observed LDLsd
among hypertensive probably has its origin in the close relationship
that keeps hypertension and abdominal obesity [17]. According to the
analysis made in our study (14.5%) patients with hypertension, 2
(22.2%) have not coronary disease and diabetes, 4 (44.4%) have
coronary disease, 1 (11.1%). And 5% patients with hypertension have
coronary disease and LDLsd elevated.

Figure 3A: Height hypertension in coronary disease and diabetes,
Figure 3B: Normal hypertension in coronary disease and diabetes

One of the difficulties in trying to determine whether the LDLsd is
an independent predictor of the risk of coronary heart disease or
merely a marker of other lipid abnormalities is that the LDLsd is
associated with concentrations of triglycerides, reduced cholesterol
HDL, and insulin resistance. Lipid profile characteristic of metabolic
syndrome (SM), diabetes mellitus, hypertriglyceridemia from any
cause and chronic renal failure, among others [18]. Our results in this
sample of patients, allowed us to observe that patients with elevated
triglycerides 14 patients have coronary heart disease. This could
explain the LDLsd to behave like an independent risk factor.
In addition, found an association between the frequency of LDLsd
and smoking. These results agree with those obtained by to the.
exposure to nicotine reduces the release of insulin and adversely
affects the action of this hormone, so it is likely that the insulin
resistance is the link between the effects of smoking and this type of
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particles of LDL, observed among smokers in addition to higher levels
of cholesterol and triglycerides, lower sensitivity to insulin and
increased activity of hepatic lipase an enzyme which as previously
noted is involved in the formation of LDLsp. The results of this study
showed that of those patients with LDLsd elevated are smokers and
have coronary disease, confirming the importance of the relationship
between smoking, LDLsd and coronary heart disease.

Conclusion
In conclusion, the research revealed high levels of LDLsd in subjects
assessed, by association with coronary disease increased significantly.
Patients with normal TGR who had elevated levels of LDLsd
developed coronary artery disease; it confirms to LDLsd as
independent of coronary disease risk factor.
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