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poE gene polymorphisms have
been associated with high plas
ma lipids levels and cardiovascu
lar disease. The aim of this study
was to determine allelic and ge

notypic frequencies and to evaluate the associations
of polymorphisms with hypercholesterolemic phe
notypes in a population of patients in Maracaibo,
at Zulia State. 221 patients with ages between 9
and 78 years old attending the Endocrine-Metabolic
Center at the University of Zulia, in Zulia, Venezu
ela were recruited. The lipids profile was determined
by enzymatic methods. ApoE polymorphisms were
determined by PCR-RFLP. 133 dislipidemic and 88
patients with normal lipids profile were evaluated.
The higher proportion of patients corresponded to
hypercolesterolemia isolated (46,61 %), followed by
hypercolesterolemia combined with hypertrigliceri
demia and low levels of HDL-chol (21,8%). ApoE (3
allele was the most frequent in the evaluated popu
lation (0,80), both in the control group (0,78) and
the dyslipidemic group (0,82), followed by the (4
allele (0.12) for both groups and the (2 allele with
values of 0.10 and 0.06, for control and dyslipid
emic group, respectively. The (3(3 and (3(4 genotypes
were the most frequent in the population, with val
ues of 62,89% and 22.17%, respectively. The geno
type frequencies were 57.95% and 66.17% for (3(3;
23.86% and 21.05% for (3(4 in nondyslipidémicos
and dyslipidemic patient groups, respectively.

The (4(4 genotype was observed only at hypercoles
terolemic patients. The homocygote (2(2 and het
erocygote (2(3 genotypes were more frequent at the

normal lipids profile group, consistent with diverse
reports that indicate the association of the (4 allele
with elevated cholesterol levels and low cholesterol
levels when the (2 allele is presento ApoE polymor
phism appears to be associated with variance in se
rum lipids levels in the population evaluated.

Key words: hypercholesterolemia, ApoE, polymor
phisms, cardiovascular disease, lipids profile

ardiovascular diseases (CVD) still are
occupying the first place between
morbidity and mortality causes world

wide1A. The most recognizable and better character
ized chardiovascular risk factor is the chronic alteration
of the serum lipids concentration5,7, which depends
not only of nutritional habits but also of lipoprotein
synthesis and metabolism which at the same time are
conditioned by several gene product activities.

There are several genes known to be involved in
CVD, such as phenotypes of ApoE. The gene coding
of apoliprotein (apo) E has been one the most ex
tensively characterized genetic polymorphisms, par
ticularly for its effects on lipids profiles. In caucasian
populations, the frequency of the (2, (3 and (4 alleles
are: 0,08, 0.77 and 0.15 respectively8.10,13, whereas
the ApoE allele frequency varies in other popula
tions, but always predominating (3 8,13.14. The poly
morphisms in APOE are associated with variations at
serum cholesterollevels14.16, thus the individuals with



E2 allele have 10% lower cholesterol levels than the
mean value, and E4 allele carriers exhibit colesterol
levels 10% higher than homocygous individuals for
E316.18. In general, E2 allele lowers total colesterollev
els and E4 allele raises them. This effect has been re
ported in most populations8,1O.

Although previous studies have reported the allelic
distribution of the ApoE gene in some communities
of Venezuela19, there does not exists data that allow
evaluating the influence of particular ApoE genotypes
on the serum lipids levels in our region. The aim of this
study was to evaluate the allelic frequency of the apoE
gene and to determine the relationship between apoE
genotypes and hypercholesterolemic phenotypes in
patients attending the Endocrine and Metabolic Dis
eases Research Center at the University of Zulia Vene
zuela, Maracaibo, Zulia State, Venezuela.

Type of Study: a cross-sectional and correlational
study type was realized.

Population and Sample
In the present study 221 patients attending The
Endocrine and Metabolic Diseases Research Center
(EMRC) at the University of Zulia-Venezuela from
February 200G to May 2007 were recruited. 133 con
secutive patients with diagnosis of hypercholesterol
emia were included. Patients with diagnosis of type
2 diabetes mellitus were excluded of this study. The
control group consisted of 88 nondyslipidemics pa
tients, c1inically healthy. 80th groups were randomly
selected of the data base of the EMRC Metabolic
Syndrome Project by using SPSS ver 15 for Windows.
Participants were informed of the study's porpuse
and a written consent form was given to them to
signo The postulates of the declaration of Helsinski
were followed in their revision of October, 2000.

Serum lipid Measurements
5 mi of blood without anticoagulant to assess the
lipids profile were obtained from an antecubital vein.
The patients underwent 10 hr-12 hr of overnight
fasting for the determination of baseline serum lip
id. The concentrations of total cholesterol (TC), HDL
cholesterol (HDL-chol) and triglycerides were deter
minated by enzymatic methods using commercial re
agents Human GmbH (Germany). Any alteration in
serum lipid levels was confirmed, at least once, with
another determination, in a period of two weeks fol
lowing recommendations of the American Heart As
sociation and American College of Cardiology (ACC
and AHA)20. The risk category of TC ~200 mg/dL and
triglycerides ~ 150 mg/dL concentrations were con
sidered. LDL-cholesterol (LDL-chol) was calculated
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by Fridewald's equation (when triglycerides did not
exceed 400 mg/dl). Risk factor for this category was
considered with values aboye 130 mg/dL.

ApoE genotyping by PCR-RFLP
DNA extraction was performed from leukocytes by
salting-out technique21 . To amplify a fragment of
exon 4 of the ApoE gene, which contains the poly
morphic region (244 bp) was prepared from a PCR
mixture reaction with 50~1 of final volume, contain
ing 200mM Tris-HCI pH 8.0, 500 mM KCI, 1.5 mM
MgCI2, 200~M of each desoxirribonucleotide (dATP,
dCTp, dGTP and dTIP), 20 pmoles of each oligonucle
otide, 7% dimethylsulphoxide (DMSO), 1 unit of taq
DNA polymerase (Promega) and 300ng of genomic
DNA. The program consisted of initial denaturing for
5 minutes at 94°C, 35 cycles of 1 minute denaturing
at 94°C, 1 minute at GO°C and 1 minute at 72°C, fol
lowed by a final extension at 72°C for 10 minutes.

For analysis RFLP (Restriction fragment length poly
morphism), the PCR products were digested with 5
units Hhal (Promega) in buffer provided with the en
zyme, for 4 hours at 37°(, The restriction fragments
were separated on 10% polyacrylamide nondena
turing gels electrophoresis as described previously22.
The gel was fixed with a mixture of ethanol-acetic
acid and silver stained.

Statiscal Analysis
Chi-squared test was used for comparison of ob
served and expected frequencies, assuming Hardy
Weinberg equilibrium (HWE) and the comparison of
each variable with the allele frequencies and geno
type distribution.

Analysis of variance (ANOVA) was performed to
compare mean serum lipids concentration among
APOE allele and genotype groups.

The Odds Ratio was calculated to estimate the rela
tive risk with a confidence interval of 95% to test
potential partnerships among genotypes of serum
lipids patterns of both groups. A "p" value <0.05
was considered statistically significant. SPSS for Win
dows version 15 (SPSS, Chicago, IL, USA) was used
in all analyses.

n the present study, the population consisted
of a total of 221 consecutive patients attending
the Endocrine and Metabolic Diseases Research

Center at the University of Zulia between Mayand
December 2007. 133 hypercholesrolemic and 88
with normal serum lipids patients were included.
Within the group dyslipidemic 72 (54.14%) were



female and 61 (45.86%) males, aged between 9
and 78 years, with an average of 48 ± 21 years. The
population of non dyslipidemic or control group in
c1uded 51 (57.9%) female and 37 (42%) male, aged
between 19 and 81 years, with an average of 41 ±
17 years old.

Mean serum triglyceride, total cholesterol, LDL-chol
and HDL-chol were respectively 79.34 mg/dL; 155.84
mg/dl; 88.68 mg/dl and 51.93 mg/dl for the control
group and 162.38 mg/dl; 243 mgldl; 165.39 mgldl
and 43.69 mg/dl in dyslipidemic group (Table 1). The
mean values fer triglycerides, cholesterol and LDL
chol, were significantly higher in the dyslipidemmic
group than in the control group (p <0.05), consistent
with the definition and criteria for c1assifying these
groups. HDL-chol levels were lower in the dyslipid
emic group (42.71 ± 14) than in the control group
(51.76 ± 12.23) (p =0.032).

In the control group the mean of serum lipids were
higher in men, mainly at the triglyceride levels, but no
significant difference sex-specific was found (p> 0.05)
(Table 1). The same trend was observed in the dyslip
idemic group with triglycerides levels of 176.97mg/dl
and 150.16mg/dl in men and women, respectively.
The total cholesterol and LDL-chol concentrations did
not differ significantly between sexes in this group.
In the control group, the HDL-chol was equivalent in
men and women, unlike the dyslipidemic group, wich
HDL-chol mean lower in men (40.67 mgldl) than in
women (44.44 mg / di) (p = 0.046) was observed.

control group (0.78) and at the dyslipidemic group
(0.82), followed by E4 allele 0.12 for both groups,
and finally, by E2 allele with 0.10 and 0.06 for control
and dyslipidemic groups, respectively (Table 3). No
differences in allelic frequencies of the ApoE gene
between dyslipidemic and control groups (p> 0.05)
was found, however, the E2 allele nearly doubled the
frequency at the control group compared with the
dyslipidemic group.

Table 2: Frequency and percentage of isolated and combined
hypercholesterolemia

Lipids abnormalities Frequency Percentage %"

LDL-c j 62 46,62%

LDLj+TGj+ HDL¡ 29 21,80%

LDLj + HDL¡ 25 18,80%

LDL j +TG j 17 12,78%

Total 133 100% (100)

a: Percentage expressed as a function of the total population with lipid
abnormalities (n=133)

Allelic frequency was evaluated in patients with iso
lated hypercholesterolemia. As shown in Table 4, the
allelic distribution observed was similar to that of
E3 (0.78) dyslipidemic and control group, with the
most frequent allele E4 (0.16) and less frequent the
E2 allele (0.06). Although the E4 allele was the most
frequent at the group hypercholesterolemic that
group exhibiting other dyslipidemias and the control
group, no significant differences were found among
the groups tested (p> 0.05). (Tables 3 and 4).

Total
Isolated

hypercholesterolemia
patients

Control patients

Total 176 1,00 266 1,00 442 1,00

Table 3: Allelic frequency of Apoprotein E gene in control
and dyslipidemic groups

Dyslipidemic
Control Group Total population

group

Tabla 4: Allelic frequency of Apoprotein E gene in control
and isolated hypercholesterolemia groups

E2 18 0,10 16 0,06 34 0,08

E3 137 0,78 217 0,82 354 0,80

Allele N Frequency N Frequency N Frequency

E4 21 0,12 33 0,12 54 0,12

Data is given as mean ± standard deviation. E: Standard deviation. HDL: high density
lipoprotein, LDL: low density lipoprotein.

The hypercholesterolemia was seen as a unique
condition in 62 (46.61 %) patients, instead of mixed
dyslipidemia, the most frequent was increased LDL Allele N Frequency N Frequency N Frequency
cholesterol combined with hypertriglyceridemia and E2 18 0,10 7 0,06 25 0,08
lower levels of HDL cholesterol (21.8%) (Table 2). E2,

E3 137 0,78 97 0,78 234 0,78
E3 and E4 alleles frequencies were respectively 0.08,
0.80 and 0.12 fer the total population assessed. E4 21 0,12 20 0,16 41 0,14

The E3 allele was the most common, both, at the Total 176 1,00 124 1,00 300 1,00

Table 1: Serum Iipids levels in control and dyslipidemic groups

mg/dl CONTROL GROUP DYSLlPIDEMIC GROUP

Women Men TOTAL Women Men TOTAL
mg/dl

(n=51) (n=37) (n=88) (n=72) (n=61) (n=221)

79,34± 97,82± 83,04± 150,16± 177± 162,46±
TG

30,46 24,38 30 125 108 118

eT
155,84± 162,18± 157,11± 240,36± 246,21± 243,04±

20,44 11 19,9 27 33 30

LDL- 88,68± I92,73± 89,49± 162,15± 169,22± I 165,39±
chol 21,95 22,61 21,93 35 31 33,6

HDL- 51,93± 51,09± 51,76± 44,44± 40,67± 42,71±

chol 12,73 10,51 12,23 14 12 14
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Tabla 5: Genotypic frequency of Apoprotein E gene in control
and dyslipidemic patients

Control group Dyslipidemic Total population
group

The allelic frequency was assessed in patients with
isolated hypercholesterolemia. As shown in Table 4,
the allelic distribution was similar to that observed in
the group with combined hyperlipidemia and control
group with (3 as the most frequent (0.78) allele and
(2 as the less frequent allele. Although (4 allele was
more frequent at the hypercholesterolemic group
(0.16) than at the group exhibiting other dyslipid
emias (0,12) and the control group (0,12), no sig
nificant differences were found among the groups
assessed (p> 0.05)(Tables 3 and 4).

When genotype distribution was considered at the
total population, genotypes (3(3 and (3(4 were the
most frequent (63% and 22% respectively). The fre
quency of these genotypes was 58% and 24% re
spectively for the control group and 66% and 21 %
in patients with lipids abnormalities (Table 5).

The (4(4 genotypes homozygous and heterozygous
(2(4 were observed only at dyslipidemic patients (fre
quencies 1,5% and 0,75%), while homozigous (2(2

and heterozygous (2(3 isoforms were more frequent
at the control group 2,27% and 16%, respectively.
At the dyslipidemic group, the frecuencies for these
genotypes were 0.75% and 10% (Table 5). No sig
nificant differences were observed at the distribu
tion of the genotypes and between dyslipidemic and
control groups (p> 0.05). (Table 5).

The genotypes homozygous (4(4 and heterozygous
were observed only at dyslipidemic patients (frequen
cies 0.01 and 0.02), whereas homozygous (2(2 and
heterozygous (2(3 were most frequent at the control
group, with values of 0.02 and 0.16, respectively.
No significant differences at the genotypic distribu
tion betweet dyslipidemic and control groups were
found (p>0.05).

The genotype distribution observed at the popula
tion was similar to the expected values, so that the
distribution of ApoE gene polymorphisms followed
the Hardy-Weinberg equilibrium and no difference
was observed between men and women.

The mean serum lipids concentration by each APOE
genotype in control and dyslipidemic groups is pre
sented in Table 6. At the control group, even though
serum lipids levels were found in between the refer
ence values, a higher concentration of cholesterol
and LDL-chol was found in subjects with genotype
(3(3 (160.84±19 and 94,1 0±22 respectively), com
pared with individuals carries of other genotypes, al
though the risk analysis with a confidence interval of
95%, showed a veryweak Odds Ratio (OR = 0.781,
95% el = 0.216-2.232).

When considering the total population, there was
a more pronounced effect of the different isoforms
on serum lipids, total serum cholesterol and LDL-chol
concentrations were higher in individuals with and
4 alelle «(3(4 and (4/(4) OR=1.4, 95% el = 0.696
2.846). These same genotypes carriers were associ
ated with high levels of HDL-chol (OR = 1.73, 95%
el=0.74-4.01). (2 allele was associated with low lev
els of triglycerides (OR = 1.82,95% el = 0.58-5.67),
cholesterol (OR = 2.1,95% el = 0.12 12.5) and LDL
chal (OR = 1.57,95% el = 0.624-3.95).

Control 126±4 143±6,5 77±8,2 41
E2E2

Dyslipidemic 144 228 151 48

Control 90,25±
147,13±14,94 75,38±18,42 53,75±16,8

E2E3
28,82

Dyslipidemic
174,61± 239,23±28,13 158,38±40,75 45,84±19,11
146,92

Control
E2&4

Dyslipidemic 55 225 164 50

Control
85,32±

160,84±19 94,10±22,89 50,29±12,1
30,53

&3E3

Dyslipidemic
167,63±

241±30,4 164,63±31,2 42,39±12,8
121

Control 71,6± 155,67±123,45 88,33±19,75 54,47±9,96
27,6

&3&4

Dyslipidemic
148,78±

251,64±31,8 174,07±38,9 45,64±15,24
100

Control
E4I4

Dyslipidemic 105±29,69 250,5±31 175±11,3 54,5±26,16

Table 6: Comparison of serum Iipids levels among the genotypes
in control and dyslipidemic groups

Total
G type G Trlglycerldes hite I LDL-chol HDL-chol

eno roup mg/dl e ':..'::dlro mg/dl mg/dl

Tabla 7: Allele frecuencies in apoE gene in diferent populations

Country Populatlon Sampleslze E2 E3 E4 Reference

Finland 0,064 0,76 0,18

France 6.207 0,088 0,79 0,12
(Apo Europa 25

Portugal Study) 0,066 0,84 0,09

Spain 0,077 0,81 0,11

ltaly 260 0,073 0,83 0,10

Africans (Nigeria) 176 0,028 0,66 0,31 24

African-Americans 1612 0,131 0,67 0,20

USA 12.491
0,080 0,77 0,15 28(Arie Study)

Brasil 185 0,080 0,72 0,20 26
200 0,090 0,87 0,14 27

Mexican-amerieans 963 0,040 0,86 0,10 24

Venezuelans mixed
221 0,080 0,80 0,12 This study(Maracaibo)

Frequency
(%)

0,014
(1,36)

0,12
(12.22)

0,005 (0,5)

0,63
(62,89)

0,22
(22,17)

0,01 (0,9)

1,00 (100)

2

3

N

27

49

221

139

Genotype N
Frequency

N
Frequency

(%) (%)

E2E2 2 0,02 (2,27) 0,008 (0,75)

E2E3 14 0,16 (15,90) 13 0,1 (9,77)

E2E4 O O 0,008 (0,75)

E3E3 51 0,58 (57,95) 88 0,66 (66,17)

E3E4 21 0,24 (23,86) 28 0,21 (21,05)

E4E4 O O 2 0,02 (1,50)

Total 88 1,00 (100) 133 1,00 (100)



When considering the total population, there was
a more pronounced effect of the different isoforms
on serum lipids; total cholesterol and LDL-chol with
higher values for the genotypes with E4 allele (E3~

and E4~) (OR = 1.4, 95% CI = 0696-2846). An im
portant finding is that individuals with genotype E4~

exhibited higher levels of HDL-chol (OR = 1.73,95%
CI = 0.74-4.01) and an association, although weaker,
with low concentrations of triglycerides (OR = 0984,
95% CI = 0.96-1.01).ln opposition, the presence of
the E2 allele was associated with lower triglyceride
levels (OR=1.82, 95% CI=0.58-5.67), cholesterol
(OR=2.1, 95% = 0.12-12.5) and LDL-chol (OR = 1.57,
95% CI = 0624-3,95). These findings are consistent
with other studies in which carriers of the E4 allele
exhibited higher levels of colesteroF9.34, while the in
dividuals with E2 allele are associated with lower cho
lesterollevels and LDL-choI31.32.35.

The relationship between the E4allele and the pres
ence of ischemic heart disease has been strengthened
in a number of studies both, in men and wo-men 16.18,
which appears to be related to a predominance in
these patients of a small and dense LDL, which are
more prone to oxidation19.23.29. It has been reported
that individuals with the phenotype E3E4have double
the risk of myocardial infarction than subjects E3E3,
and atherosclerotic extensive lesions were identified
in thoracic aorta, abdominal and coronary arteries
that have been identified in necrotic studies18. Thus,
a better understanding of the role of this common
polymorphism in specific populations may allow the
identification of individuals that have increased risk
to develop such diseases.

Moreover, the increased frequency of allele 2 at the
control group, supports evidence from diverse stud
ies, which takes as reference the E3allele, if the allele
2 is present in the genotype, there are lower levels
of total cholesterol and LDL-chol, whereas the pres
ence of the 4 allele is associated with higher levels of
cholesterol and LDL-choI 16,28.

It has been suggested that the levels of LDL-chol at
E4 allele carriers are higher in women than in men31 .
Other studies have reported that women with the
E4allele and men with the E2 allele had higher levels
of triglycerides32, but this study showed no differ
ences sex-specific. So the differences between the
levels of cholesterol and HDL-chol and polymorphic
forms of the ApoE gene appear to vary among dif
ferent populations.

Is remarkable that the ~~ genotype was detected just
in the hipercholesterolemic group, but not significant
association was found, however this lack of association
could be explained by the low frequency of this geno
type in the population, so it is necessary to increase
population studies to confirm these findings.

It has been suggested that elevated serum lipids levels
in E4 allele carriers, even if the elevation is not very
significant, it could contribute to a c1inical progression

n this study, the genotypic and allelic frequen
cies in patients with elevated levels of serum
cholesterol and patients without lipid abnor

malities were evaluated. The group of patients with
hypercholesterolemia included hypercholesterolemia
as unique condition or in combination with other lip
ids abnormalities.
No significant differences in serum lipids levels of
men and women were found, however the average
levels of triglyceride, total cholesterol and LDL-chol
were lower in women than in meno It has been ob
served variability in serum lipids levels between the
sexes in terms of body mass index, use of birth con
trol pi lis and physical activity23.24, but these parame
ters were not evaluated.
Predictably, it was noted that E3was the allele predomi
nant with a frequency of 0.80, followed by the allele E4
(0.12) and E2 (0.08), consistent with frequencies found
in other populations worldwide (rabie 7), which are 10
cated in the range of 0028 to 0.09 for apoE E2; 0.77
to 0.87 for apoE E3 and 0.1 to 0.2 for ApoE E4 23.27.
Among populations showing frequencies outside this
range African Americans should be highlighted, be
cause they exhibit a 0,131 frequency for the E3allele
and African with values of 0.31 for the E4allele.
The frequencies for the three alleles in this report
are very similar to the frequencies found in Europe,
particularly in French and Spanish populations, who
were part of the study Apo Europa25, consistent
with a significant contribution from the Spanish col
onizers in our genetic background. The comparative
analysis allows a c1ear distinction with Brazil, Mex
ico, United States and African populations whose
data is available23.28.

The genotype distribution observed in the popula
tion assessed, both in the control and at the hyper
cholesterolemic group was similar to the expected
values, so that the distribution of ApoE gene poly
morphisms remain in Hardy-Weinberg equilibrium
and there were no differences in genotypic and al
lelic frequencies between control and hypercholes
terolemic groups.
The E4E4 homozygous and E2E4heterozygous genotypes
were observed exclusively at hypercholesterolemic pa
tients, while E2E2 homozigous and E2E3 heterozygous
forms were more frequent at the control group.
At the control group, even though serum lipids levels
were found in between the reference values, a higher
concentration of cholesterol and LDL-chol in subjects
with E3E3genotype was found (160.84 ± 19 and 22
± 94.10, respectively), compared with individuals
with other genotypes, although the risk analysis with
a confidence interval of 95%, showed a very weak
Odds Ratio (OR = 0.781, 95% CI = 0.216 to 2.232).



less favorable than in individuals with other alleles27
,

but other reports have demonstrated the absence of
association between cholesterol levels and t4 allele31 .

The relationship between ApoE polymorphism and
serum Iipids levels is not very c1ear fer several popu
lations. It has been recognized that the gene-envi
ronment interactions may explain the discrepancies
observed in diverse studies,

For example the association of the ApoE isoforms
with serum lipid levels appears to be affected by
smoking, alcohol consumption, body mass index,
physical activity and diet rich in fats32,34.35.

Likewise, the interactions at molecular level between
different gene products and some environmental as
saults can contribute to the discrepancies. In this
study, no data was collected on other possible risk
factors that would allow to analyze other associa
tions to detect gene-environment interactions._1-------
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