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Prevalence of seven cardiovascular-related genetic
polymorphisms in a Chilean mestizo healthy population

Angela ROCO"*?, PhD; Luis A. QUINONES!, PhD; Pablo SEPULVEDA*, MD; Herndan DONOSO*, MD;
Carolina LAPOSTOL#, RN; Romina ALARCON®, MT; Maria E. TORRES®, MT; Paulo C. VELIZS, MT;
Guillermo ACUNAS, MT; Oscar WILKE®, MT; Cristian ACEVEDOY, MD

'Laboratory of Chemical Carcinogenesis and Pharmacogenetics (CQF), Molecular and Clinical Pharmacology Program, ICBM,
Faculty of Medicine, University of Chile, Santiago, Chile; *Escuela de Bioquimica, Facultad de Ciencias, Universidad Andres Bello,
Santiago, Chile; *Servicio de Salud Metropolitano Occidente, Santiago, Chile; *San Juan de Dios Hospital, Santiago, Chile;
*Escuela de Tecnologia Médica, Facultad de Medicina, Santo Tomas University, Santiago, Chile; “Escuela de Tecnologia Médica,
Facultad de Medicina, Universidad Andres Bello, Santiago, Chile; ’Clinical Hospital, University of Chile (HCUCH).

Objective Among the genetic factors associated with cardiovascular disease (CVD), determining polymorphic genotypes could help to understand
the appearance of the illness. Ethnic differences in these polymorphisms could explain population variability in susceptibility to CVD.

The main goal of this research is to study the presence of more relevant genetic variants of ApoE, CETP, ACE, PAI-1, MTHFR, Fll and FVL of the coagu-
lation cascade, to describe the presence of cardiovascular-related variants in a mestizo group of the Chilean people.

Methods and results The studied population comprised 146 unrelated subjects from the general population, diagnosed as healthy, who
were genotyped through conventional and/or real-time PCR.

The allele frequencies for the Chilean population were: Apo E, €2: 0.036, £3: 0.875 and &4: 0.089; CETP, B1: 0.51 and B2: 0.49; MTHFR, C: 0.52 and
T: 0.48; ACE, I:0.603 and D: 0.397; PAI-1, 4G: 0.381 and 5G: 0.619; FIl, G: 0.97 and A: 0.03, and FV Leiden, G: 0.97 and A: 0.03.

Conclusions This study contributes to establish a first picture in the Chilean mestizo population about the frequencies of these variants, which
could act as single or complementary risk factors to trigger CVD. The obtained allele frequencies show great differences in relation to other South Ameri-
can populations.

Keywo rds  Polymorphism - cardiovascular disease — Apo E~ MTHFR - ACE - PAI-1 — Fll - FVL,

INTRODUCTION caused by coronary heart disease and 6.2 million were
due to stroke. Over 80% of CVD deaths take place in

Cardiovascular diseases (CVDs) are the first cause low- and middle-income countries and occur almost
of death worldwide representing 30% of all global deaths equally in men and women. By 2030, almost 25 million
in 2008. Of these deaths, an estimated 7.3 million were people will die from CVDs, mainly from heart disease

and stroke'.
In Chile, cardiovascular disease mortality represents
the first cause of death (27.7%) with a mortality
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The suggested responsible factors for cardiovascular
diseases include modifiable and non-modifiable risk
factors. Non-modifiable risk factors include, age, gender
and several genes’. The sum of several unfavourable
polymorphisms in these genes can facilitate the appear-
ance of this polygenic disease, whose manifestation
needs often the presence of an environmental propitious
frame (multifactorial disease). In this respect athero-
sclerosis is one of the most classic examples of a poly-
genic disease and a great number of studies have reported
polymorphisms that can be involved in its aetiology”.

One of the most studied polymorphisms associated
with cardiovascular risk is apolipoprotein E (ApoE). ApoE
genotypes have been related with both LDL-C levels and
coronary risk. Compared with individuals with the e3/e3
genotype, €2 carriers have a 20% lower risk of coronary
heart disease and &4 carriers have a slightly higher risk®.
Similarly, cholesteryl ester transfer protein (CETP) Taq1B
polymorphism provide some evidence about its effect on
the likelihood of having a first event of acute coronary
syndrome in normal-weight persons”®. Genetic variations
on other enzymes, as for example, 5, 10-methylenetet-
rahydrofolatereductase (MTHFR), can lead to an increase
in risk of cardiovascular events. It has been established
that the production of the homocysteine metabolite is
decreased when the enzyme is defective’, nevertheless,
MTHER polymorphisms (C677T and A1298C) appear
not to be related to the onset of ischaemic stroke or hyper-
tension'’. On the other hand, angiotensin-converting
enzyme (ACE) D/D genotype which produces an increase
of levels of circulating ACE, with consequent increase of
angiotensin II, appears to be an independent risk factor
for cardiovascular effects'"'?. Polymorphism in ACE alters
the fibrinolytic balance, since a rapid increase induces a
dose-dependent effect on the plasmatic levels of the plas-
minogen activating inhibitor (PAI-1). Thus, polymor-
phisms in the plasminogen inhibitor activator 1 (PAI-1),
also could be important, particularly the 4G/4G variant,
which increases the probability of thrombus and the trend
to develop thrombosis in veins or arteries". Patients car-
rying the 4G allele of the PAI-1 4G/5G gene might be
predisposed to coronary artery disease'. Finally, genetic
variations in coagulation factor activities, such as FIT and
FV Leiden, could have a synergistic effect on CVD by
generation of thrombus due to decreased activity, espe-
cially in people with mutated alleles®. In spite of the low
prevalence of these polymorphisms it is suggested that
screening for thrombophilia might be justifiable in cases
of stent thrombosis'®.

In Chile some studies have shown frequencies of
several of these polymorphisms and their association to
others pathologies'”%2, however, no studies have been
reported for potential synergistic relationship among
these factors and cardiovascular events.

Cardiovascular-related genetic polymorphisms

Therefore, as interethnic differences could influence
the susceptibility to cardiovascular disease, our main
goal was to study the presence of the more relevant
genetic variants of the ApoE, CETP, ACE, PAI-1,
MTHER, factor Il and FVL in a subgroup of the Chilean
mestizo people, in order to describe the cardiovascular-
related gene variants and to compare the frequencies
with other populations of South America.

METHODS

Study subjects

The population studied comprised 146 unrelated sub-
jects from the general population of Santiago de Chile.
All individuals were screened for suitability as healthy
controls by physical examination, blood pressure, elec-
trocardiograms and interpretation of standard biochem-
ical analyses (i.e., lipid profile, glucose, urea nitrogen,
creatinine, total protein, albumin, total bilirubin, alanine
aminotransferase, aspartate aminotransferase, and alka-
line phosphatase, drugs of abuse). Participants gave their
written consent prior to participation between March 23
and August 2", 2010. The research was authorized by the
Ethics Committee of the Faculty of Medicine of the
University of Chile (N° 08-2008 and 072-2011)* and the
Ethics Committee of the Ministry of Health of Chile
(SSMOc N° 0874). Subjects were informed about the main
goal of the study and the implications of genotype deter-
minations, including the usefulness of several of the
variants for any other diseases besides cardiovascular (e.g.
ApoE genotyping as biomarker for Alzheimer’s disease).
Anthropometric characteristics and lipid profile for all
subjects are reflected in table 1.

Table 1 Anthropometric and biochemical characteristics of
the study population

Total (N) 146
Male (%) 98 (67.1%)
Female (%) 48 (32.9%)
Age (y) (mean £ SD) 3571145
BMI £ SD (< 25 Kg/m?) 245+34
Cholesterol (mean =+ SD) (RV: 50-200 mg/dL) 136 + 47
Triglycerides (mean + SD) (RV: 50-150 mg/dL) 96 +77
HDL-cholesterol (mean + SD) (RV: 30-95 mg/dL) 35+16
LDL-cholesterol (mean + SD (RV: < 130 mg/dL) 81+32
Cholesterol/HDL-cholesterol (mean + SD (RV: < 5.0) 43+17
LDL-cholesterol/ HDL-cholesterol (mean + SD) (RV: < 2.0) 26+12

SD: standard deviations, BMI: body mass index. RV: reference value.
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Exclusion criteria included predisposing factors for
CVD, like family history, hypertension (systolic blood
pressure/diastolic blood pressure >140/90 mm Hg),
diabetes, smoking (current smoking, >10 cigarettes a
day), and alcohol use (>200 mL/day for at least 6 days
in a week), overweight (BMI >25 Kg/m?). Subjects tak-
ing hormone replacement therapy (HRT) and other
hormonal drugs, and subjects who had renal and hepatic
insufficiency were also excluded.

Unfortunately, until now there are no characteriza-
tion studies about Chilean admixture neither validated
ancestry biomarkers to use. Based on this characteriza-
tion, only mestizo people were invited to participate. No
pure aboriginal Indians and Caucasians living in Chile
were included in this study.

Blood samples and DNA extraction

Blood samples were obtained from all (volunteer)
participants in the study. Blood was collected in two
10 mL EDTA-containing vaccutainer™ tubes and kept at
4°C until DNA extraction (within 24 hrs). DNA was
extracted with a high pure PCR template preparation
kit from Roche Diagnostic (Roche Diagnostics GmbH,
Mannheim, Germany). The purity of DNA was evalu-
ated at 260/280 nm determination.

Genotyping

Real-time PCR for the detection of polymorphisms
were carried out using the Light Cycler 1.5 system and
kits from Roche Diagnostics GmbH, Mannheim,
Germany. The genotypes were identified through
curves of melting temperature (Tm) as follows: ApoE,
E262.5+2.5°C,E356+2.5°C,E457.5+2.5°C; PAI-
1,4G 54+2.5°C,5G 61+2.5°C; ACE, 1 62+2.5 °C,
D 53.5+2.5 °C; FII (G20210A), A 49+2.5 °C, G
59+2.5 °C; FV (G1691A), A 57+2.5 °C, G 65+2.5
°C; MTHFR (C677T), T 65+ 2.5 °C and C 62.5+2.5
°C. Genotyping of CETP was carried out through
conventional PCR as previously described, with mod-
ifications®.

Statistical analyses

Clinical data were expressed as mean + SD. Allele
frequencies were estimated by the gene-counting
method. Chi-square and Fisher’s exact test were used to
investigate expected genotype frequencies assuming
Hardy-Weinberg equilibrium. Student ¢-test and Wil-
coxon test (Mann-Whitney) were used for comparison
of mean differences in cholesterol levels among the
genotypes. Analyses were performed with Stata 10.2
(Texas, USA) software.

RESULTS

A total of 146 samples were collected for genotype
analysis. The genotype distributions are consistent with
the Hardy-Weinberg equilibrium model. In table 2 we
can observe genotypes obtained in this study. For Apo
E alleles only €2/e2 genotype was absent in the group
studied, and the most frequent genotype was €3/e3
(76.6%), followed by €3/e4 with a frequency of 16.1%.
We detected only one subject with genotype e4/e4. The
frequency of polymorphisms TagIB Cholesteryl ester
transferase protein (CETP) in the group studied was 51%
for the wild-type allele (BI) and 49% for the mutant
allele (B2) (table 3). The frequency distributions of

Table 2 Genotype frequencies for ApoE, CETP, MTHFR, PAI-1, ACE,
FVL and Fll polymorphisms in the studied population of Chileans
(n=146).

APO E (rs429358, rs7412) ((112R. R158() Genotype frequency (%)

€262 0(0%)
£2e3 7 (4.8%)
el 1(0.7%)
€3¢3 112 (76.7%)
£3¢e4 25(17.1%)
ebed 1(0.7%)
B1B1 38(26.0%)
B1B2 74 (50.7%)
B2B2 34(23.3%)
MTHFR (rs1801133) (C677T) Genotype N (%)
cC 37(25.3%)
T 78 (53.4%)
T 31(21.2%)
Il 56 (38.4%)
ID 64 (43.8%)
DD 26 (17.8%)
4GAG 24(16.4%)
4G5G 64 (43.8%)
5G5G 58(39.7%)
F 11 (rs1799963) (G20210A) Genotype N (%)
GG 136 (93.2%)
GA 10 (6.8%)
AA 0

GG 138 (94.5%)
GA 8(5.5%)
AA 0



MTHEFR were 52% for the wild-type (C) and 48% for
the mutant (T) allele. ACE genotypes were 60.3% for the
wild-type (I) and 39.7% for the mutant (D) allele. The
frequencies of PAI-1 genotypes were 38.1% for the wild-
type allele (4G) and 61.9% for the mutant allele (5G). As
expected, we did not find homozygote 5G genotypes
and the frequency of heterozygote genotype was very
low in both cases (3.0%), similar to results previously
reported by Palomo et al."”.

Additionally, we studied the potential associa-
tion between cholesterol levels and CETP and ApoE

Cardiovascular-related genetic polymorphisms

polymorphisms (table 3). Our results show a statistically
significant association between CETP B2B2 and both,
total cholesterol (P=0.046) and HDL-cholesterol
(P=0.003). Conversely, no statistically significant asso-
ciation between Apo E genotypes and cholesterol levels
was observed.

The allele frequencies obtained were compared with
Caucasians (Spain) and Asians (Japan), who are thought
to be representative of the main ancestors of the Chilean
population® and also with other South American pop-
ulations. These data are shown in table 4. Interestingly,

Table 3 Levels of total cholesterol, LDL and HDL cholesterol in relation to ApoE and CETP polymorphisms in healthy volunteers (n = 146)

Genotype

Genotype frequencies

A) Total cholesterol

ApoE
£3€3 76.7
£3¢2 48
34 17.1
e 0.7
eded 0.7
CETP
B1B1 26.0
B1B2 50.7
B2B2 233

Average (SD)
mg/mL

134.4 (46.4) Ref
114.6 (44.5) 0.365
145.4 (56.8) 0.881
187 0.169
192 0.163
141.7 (43.5) Ref
134.8 (46.2) 0.454
118.5 (46.8) 0.046

B) LDL-cholesterol

ApoE
€363 76.7
£3¢2 48
£3¢4 17.1
ede2 0.7
eded 0.7
CETP
B1B1 26.0
B1B2 50.7
B2B2 233

823(324) Ref
65.6(31.6) 0.257
84.8(34.9) 0.970
108 0.291
14 0.178
80.6(26.9) Ref
84.7 (34.5) 0.779
72.2(31.7) 0.168

C) HDL-cholesterol

ApoE
£33 76.7
£3¢2 48
£3¢e4 17.1
e 0.7
eded 0.7
CETP
B1B1 26.0
B1B2 50.7
B2B2 233

*Wilcoxon's test (Mann-Whitney).
No £2¢€2 subjects were identified.

34.6(15.5) Ref
34.8(15.9) 0.657
37.9(18.1) 0.405
17 0.175
15 0.168
423(18.7) Ref
33.8(14.2) 0.052
27.7(13.3) 0.003
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Table 4 Allele frequencies for ApoE, CETP, MTHFR, ACE, PAI-1, Fll and FV polymorphisms in Chileans and other South American ethnicities in

comparison with Spanish Caucasians and Japanese populations

Polymorphism Chile

Argentina Brazil

ApoE This study Ref 32 Ref 33
(C112R, R158() n=146 n=216 n=181

fe2 0.03 0.067 0.08
fe3 0.88 0.847 0.77
feE4 0.09 0.085 0.15

CETP (G279A) This study

n=146
fB1 0.51 0.535 0.643
B2 0.49 0.465 0.357

MTHFR (C677T) This study

n=146
fC 0.52 0.652 0.77
fT 0.48 0.348 0.23

ACE (1/D) This study

n=146
fl 0.60 0.49 0.35
fD 0.40 0.51 0.65

PAI-1 (4G/5G) This study

n=146
f4G 0.38 0.425 0.46
f5G 0.62 0.575 0.54

F11(G20210A) This study

n=146
fG 0.97 0.987 0.982
fA 0.03 0.013 0.018

FV (G1691A) This study

n=146

fG 0.97 0.985 0.995
fA 0.03 0.015 0.006

ND: no data available.

Japanese people do not possess the FII or FVL mutated
alleles. These alleles were only found in Spanish, Argen-
tinean, Brazilian and Mexican populations for FII and
FVL, similar to Chileans.

DISCUSSION

There are few investigations available in Chile and
South America about the prevalence of the APOE, ACE,
PAI-1, CETB, MTHFR, FII and FVL. Thus, this study
contributes to establish a comparative picture of these
genotype and allele frequencies in South America which
has a complex ethnicity definition given the high degree
of interracial mixture. Therefore, this research, which
has been developed in a mestizo sub-population of the

Colombia

Venezuela Mexico

Ref 35 Ref 36

n=215 n=278
0.06 0.1 0.04 0.052
0.83 0.83 0.86 0.855
0.11 0.07 0.1 0.093

ND ND 0.649 0.585
ND ND 0.351 0.415

0.77 0.34 0.59 0.58
0.33 0.66 0.41 0.42

0.47 0.52 0.36 0.4
0.53 0.48 0.64 0.6

ND 0.33 0.28 0.63
ND 0.67 0.72 0.37

1.00 0.980 0.974 1.00
0.00 0.020 0.026 0.00

0.992 0.980 0.990 1.00
0.008 0.020 0.010 0.00

Chileans, corresponding with about 60% of the popula-
tion*, is an approach to the general population of this
South American ethnicity.

In this study no statistically significant associations
between Apo E polymorphisms and levels of cholesterol
were found. However, both total cholesterol and HDL-
cholesterol are associated with B2B2 genotype of CETP
(P=0.046 and 0.003, respectively). As CETP enzyme is
mainly related to HDL-cholesterol, probably the
observed decrease in total cholesterol is due to the
decrease in HDL levels. These results add some evidence
to the controversial results obtained in several ethnic
groups about the influence of CETP polymorphism and
HDL-cholesterol levels®”*.

As shown in table 4, Apo E €3 in Chileans is the most
frequent genotype reported (87.5%) of the studied



countries. The Brazilian population shows the lowest
reported €3 frequency (77%), the Japanese population
shows the major percentage of the risk allele &4 (9.3%).
For CETP polymorphisms the frequency of B2 in Chile
(49%), Argentina (46.5%) and Colombia (50%) shows
the major percentage of the risk allele that has been
described in the Spanish (35.7%) and Japanese popula-
tion (41.5%). Brazil presents a frequency of B2 (35.7%)
similar to the Spanish (35%). For MTHFR polymor-
phism the frequency of the T allele in the Chilean pop-
ulation (48%) is higher than in the populations of Argen-
tina, Brazil, Colombia, Venezuela, Spain and Japan, and
is only lower than the Mexican population (66%). For
the ACE D allele the obtained frequency (39.7%) is lower
than all other analysed populations. The Japanese pop-
ulation (63%) has the highest percentage of the PAI-1
4G allele, considered a high risk factor, and the frequency
in Chile (38.1%) is similar to Mexico (33%). The Span-
ish population shows the lowest reported frequency
(28%). The frequency of mutations in FII and FVL in
the Chilean population shows the major percentage of
the risk allele (3%) in the analysed populations.
Opverall, when we compare population frequencies,
great differences appear in South American populations.
This could be relevant for the analysis of population sus-
ceptibilities to cardiovascular disease’**. The question
whether the seven polymorphisms could act synergistically
to produce cardiovascular events remains to be answered.
Some limitations of this study should be noted. In
view of the total Chilean population (about 16 million
inhabitants) with about 9.5 million of mestizo people,
our study had a relatively small sample size (146) which
cannot be representative enough of this group. On the
other hand, as ethnicity may be an important factor
affecting the extrapolation of our results, the comparison
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ogy in this specific population, rather than extrapolating
results obtained to other populations.

ACKNOWLEDGEMENTS

This work was partly supported by the medical doc-
tors of the Cardiology Department of the San Juan de
Dios Hospital and Roche Molecular Diagnostics-Chile.

CONFLICT OF INTEREST: none.

1. WHO (2012). Cardiovascular Diseases.

In: Organization WH, ed. http://www.who.int/
mediacentre/factsheets/fs317/es/index.html
(accessed on June 26, 2015)

2. DEIS, 2013, available in: http://deis.minsal.cl/
vitales/Mortalidad_causa/tree.aspx
(accessed on June 26, 2015)

3. MINSAL 2012. National Health Strategy To
meet the health goals of the decade
2011-2012. Ministerio de Salud de Chile, Gobi-
erno de Chile. Available at www.senadis.gob.
cl/descarga/i/224/documento (accessed on
June 30, 2015).

4. Simonson MA, Wills AG, Keller MC,

McQueen MB. Recent methods for
polygenic analysis of genome-wide
data implicated on important
effect of common variants on
cardiovascular disease risk.

BMC Med Genet 2011; 12: 146-54.

. Navarro-Lopez F. Genes and

coronary heart disease.
Rev Esp Cardiol 2002; 55: 413-31
[article in Spanish].

. Bennet AM, Di Angelantonio E, Ye Z,

Wensley F, Dahlin A, Ahlbon A, Keauney B,
Collins R, Wiman B, De Faire U, Danesh J.
Association of apolipoprotein E genotypes
with lipid levels and coronary risk.

JAMA 2007;298: 1300-11.

. Asselbergs FW, Moore JH, van den Berg MP,

Rimm EB, de Boer RA, Dullaart RP, Navis G, van
Gilst WH. A role for CETP

TaqlB polymorphism in determining
susceptibility to atrial fibrillation: a nested
case control study.

BMC Med Genet 2006; 7: 39.

. Pan SL, Wang F, Lu ZP, Liu CW, Hu CY, Luo H,

Peng JH, Luo XQ, Pang GF, Lu SH, Wu HY,
Huang LJ, Yin RX. Cholesteryl ester transferase

protein TaqlB polymorphisms and its
association with serum lipid levels and
longevity in Chinese Bama Zuang population.
Lipids Health Dis 2012, 11: 26-34.

. Trabetti E. Homocysteine,

MTHFR gene polymorphisms, and
cardio-cerebrovascular risk.
J Appl Genet 2008; 49: 267-82.

. Arsene D, Gaina G, Balescu C, Adeleaunu C.

X677T and A1938C methylenetetrahydropho-
late reductase (MTHFR) polymorphisms as
factor involved in ischemic stroke.

Rom J Morphol Embryol 2011; 52: 1203-7.

. Cambien F, Poirier O, Lecerf L, Evans A,

Cambou JP, Arveiler D, Ricard S, Tiret L,
Amouyel P, Alhenc-Gelas F, Soubrier F.
Deletion polymorphism in the gene for
angiotensin-converting enzyme is a potent
risk factor for myocardial infarction.

Nature 1992; 359: 641-4.

533



534

20.

21.

22.

23.

A. Roco et al.

. DiPasquale P, Cannizaro S, Scalzo S,

Maringhini G, Pipitone F, Fasullo S,
Giubilato A, Ganci F, Viatle G, Sarullo FM,
Paterna S. Cardiovascular effects of I/D
angiotensina-converting enzyme gene
polymorphism in healthy subjects. Finding
after follow-up of six years.

Acta Cardiol 2005; 60: 427-35.

. lacoviello L, Burzotta F, Di Castelnuovo A, Zito F,

Marchioli R, Donati MB. The 4G/5G
polymorphism of PAI-1 promoter gene and the
risk of myocardial infarction: a meta-analysis.
Thromb Haemost 1998; 80: 1029-30.

. LiYY. Plasminogen activator inhibitor-1 4G/5G

gene polymporphisms and coronary artery
disease in the Chinese Ham population: a
meta-analysis.

PloS One 2012; 7: e33511.

. Bertina RM. Factor V Leiden and other

coagulation factor mutations affecting
thrombotic risk.
Clin Chem 1997; 43: 1678-83.

. Zavanolli D, Presbitero P, Lodigiani C,

Mango R, Coghati T, Quaglia J, Corrada E,
Mendolicchio GL, Gasparini GL, Rossi ML,
Ferrazzi P, Belli G, Pagnotta P, Rota LL.
Prevalence of inherited thrombophilia in
patients with documented stent thrombosis.
Circ J2012;76:1874-9.

. Palomo |, Pereira J, Alarcon M, Pinochet C,

Velez MT, Hidalgo P, Skagerberg K, Poblete F.
Factor V Leiden and prothrombin G20210A
among Chilean patients with venous and
arterial thrombosis.

Rev Med Chil 2005; 133: 1425-33 [article in
Spanish].

. Guzman N, Salazar LA. Frequency of

prothrombotic risk factors in patients with
deep venous thrombosis and controls: their
implications for thrombophilia screening in
Chilean subjects.

Genet Test Mol Biomarkers 2010; 14: 599-602.

. Baez S, Tsuchiya Y, Calvo A, Pruyas M,

Nakamura K, Kiyohara C, Oyama M,
Yamamoto M. Genetic variants involved in
gallstone formation and capsaicin
metabolism, and the risk of gallbladder
cancer in Chilean women.

World J Gastroenterol 2010; 16: 372-8.
Nitsche F, Alliende M.A, Santos J, Pérez F,
Santa Maria L, Hertrampf E, Cortés F.
Frequency of C677T polymorphism of 5,
10-methylenetetrahydrofolate reductase
(MTHFR) in Chilean mothers of spina bifida
cases and controls.

Rev Méd Chile 2003; 131: 1399-404.

Espino A, Villagran A, Vollrath V, Hanckes P,
Salas R, Farah A, Solis N, Pizarro M, Escalona A,
Boza C, Pérez G, Carrasco G, Padilla O,

Miquel JF, Nervi F, Chavez-Tapia NC, Arab JP,
Alvarez-Lobos M, Arrese M, Riquelme A.
Plasminogen activator inhibitor type 1 serum
levels and 4G/5G gene polymorphism in
morbidly obese Hispanic patients with
non-alcoholic fatty liver disease.

Ann Hepatol 2011; 10: 493-501.

Lavados M, Farias G, Rothhammer F,

Guillon M, Mujica MC, Maccioni C. ApoE
alleles and tau markers in patients with
different levels of cognitive impairment.

Arch Med Res 2005, 36: 474-9.

World Medical Association (2008). Declaration
of Helsinki - Ethical Principles for Medical
Research Involving Human Subjects. Helsinki,
Finland, June 1964, ammended by the WMA

24,

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

General Assembly, Seoul, October 2008. www.
wma.net/en/30publications/10policies/
b3/17c.pdf

Hassanzadeh T, Firoozrai M, Zonouz AE,
Zavarehee A, Paoli M. Taq1B polymorphism of
cholesteryl ester transfer protein (CETP) gene
in primary combined hyperlipidaemia.
Indian J Med Res 2009; 129: 293-8.

Valenzuela CY. On sociogenetic lines.

Ethol Sociobiol 1988; 9: 259-68.

CASEN, 2006 available in: http://www.
ministeriodesarrollosocial.gob.cl/casen/
publicaciones/2006/Pobreza.pdf (accessed on
June 26, 2015).

Xiao Z, Wang J, Chen W, Wang P, Zeng H,
Chen W. Association studies of several
cholesterol-related genes (ABCAT,

CETP and LIPC) with serum lipids and

risk of Alzheimer’s disease.

Lipids Health Dis 2012; 11: 163-76.

Kashani Farid M, Azizi F, Hedayati M,
Daneshpour M, Reza Shamshiri A, Siassi F.
Association between CETP Taq1B and LIPC
-514C/T polymorphisms with the serum lipid
levels in a group of Tehran’s population: a
cross sectional study.

Lipids Health Dis 2010; 9: 96-102.

Pereira NL, Weinshilboum RM.
Cardiovascular pharmacogenomics and
individualized drug therapy.

Nat Rev Cardiol 2009; 6: 632-8.

Johnson JA. Ethnic differences in
cardiovascular drug response: potential
contribution of pharmacogenetics.
Circulation 2008; 118: 1383-93.

Reich D, Patterson N, Campbell D, Tandon A,
Mazieres S, Ray N, Parra MV, Rojas W, Duque C,
Mesa N, Garcia LF, Triana O, Blair S, Maestre A,
Dib JC, Bravi CM, Bailliet G, Corach D,
Hinemeier T, Bortolini MC, Salzano FM,
Petzl-Erler ML, Acufia-Alonzo V,
Aguilar-Salinas C, Canizales-Quinteros S,
Tusié-LunaT, Riba L, Rodriguez-Cruz M,
Lopez-Alarcén M, Coral-Vazquez R,
Canto-Cetina T, Silva-Zolezzi |,
Fernandez-Lopez JC, Contreras AV,
Jimenez-Sanchez G, Gomez-Vazquez MJ,
Molina J, Carracedo A, Salas A, Gallo C,
Poletti G, Witonsky DB, Alkorta-Aranburu G,
Sukernik RI, Osipova L, Fedorova SA,

Vasquez R, Villena M, Moreau C, Barrantes R,
Pauls D, Excoffier L, Bedoya G, Rothhammer F,
Dugoujon JM, Larrouy G, KlitzW, Labuda D,
Kidd J, Kidd K, Di Rienzo A, Freimer NB,

Price AL, Ruiz-Linares A. Reconstructing
Native American population history.

Nature 2012; 488: 370-4.

Banares V, Wyszynski D, Schreier L,

Tavella M. Polymorphism -219 G/T in the
APOE gene regarding cholesterol levels and
atherosclerotic disease in Argentina.

Invest Clin 2010; 51: 17-26.

Cerda A, Genvigir FD, Willrich MA, Arazi SS,
Bernik MM, Dorea EL, Bertolami MC,

Faludi AA, Hirata MH, Hirata RD.
Apolipoprotein E mRNA expression in
mononuclear cells from normolipidemic

and hypercholesterolemic individuals
treated with atorvastatin.

Lipids Health Dis 2011; 10: 206-16.

Callas N, Poveda E, Baracaldo C, Hernandez P,
Castillo C, Guerra M. Genetic polymorphism of
the E apolipoprotein in school age children:
comparison with levels of plasma lipids and
apolipoproteins.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

Biomedica 2007; 27: 526-36

[article in Spanish].

Celaya J, Rodriguez A, Michelle P, Arends A.
Study of gene polymorphism (Apo E) of the
apolipoprotein E (Apo E) and its relationship
to elevated serum levels of total cholesterol,
triglycerides and serum lipoproteins
schoolchildren.

Rev Soc Med Quir Hosp Emerg Perez de Ledn
2007; 38 suppl 1: 19-26 [article in Spanish].
(www.imbiomed.com.mx/1/1/articulos.
php?method =showDetail&id_
articulo=47130&id_seccion=2734&id_
ejemplar=4773&id_revista=164)

Gamboa R, Vargas-Alarcon G,
Medina-Urrutia A, Cardoso-Saldana G,
Hernandez-Pacheco G, Zamora-Gonzalez J,
Posadas-Romero C. Influence of the
apolipoprotein E polymorphism on plasma
lipoproteins in a Mexican population.

Hum Biol 2001; 73: 835-43.

Valveny N, Esteban E, Kandil M, Moral P.
APO E polymorphism in Spanish and
Moroccan populations.

Clin Genet 1997; 51: 354-6.

Mustafa M, lkemoto S, Yoshiike N, Date C,
Yokoyama T, Tanaka T. Association of
apolipoprotein genetic polymorphism with
plasma cholesterol in a Japanese rural
population. The Shibata Study.

Arterioscler Thromb Vasc Biol 1997; 17: 3495-504.
Vedova D, Gonzalez |, Siewert |, Ojeda MS.
Taq IB polymorphism study of the CETP gene
in patients with Type 2 Diabetes Mellitus in
San Luis. XXXVII Congreso Argentina de
Genética 2008, available in: http://www.
conicet.gov.ar/new_scp/detalle.
php?keywords =Tato&id =38110&con-
gresos =yes&detalles =yes&con
gr_id=1122465 (accessed on June 26, 2015)
Papp A, Pinsonneault J, Wang P, Newman L,
Gong Y, Johnson J, Pepine C, Kumari M,
Hingoranu A, Talmud P, Shah S,

Humphries S, Sadae W. Cholesteryl Ester
Transferase Protein (CETP) polymorphisms
affect mRNA splicing, HDL levels, and
sex-dependent cardiovascular risk.

PloS One 2012, 7: €31930.

Giraldo A, Loango N, Castafio H, Landazuri P.
Activity of the cholesteryl esters transfer
protein. Polymorphisms in Colombian
patients with coronary disease.

Revista Colombiana de Cardiologia 2012; 19:
172-9 [article in Spanish].
(http://www.sciencedirect.com/science/
article/pii/S0120563312701274)

Corella D, Saiz C, Guillen M, Portoles O,
Mulet F, Gonzalez JI, Ordovés JM. Association
of TaqIB polymorphism in the cholesteryl
ester transfer protein gene with plasma lipid
levels in a healthy Spanish population.
Atherosclerosis 2000; 152: 367-76.

Meguro S, Takei |, Murata M, Hirose H, Takei N,
MitsuyoshiY, Ishii K, Oguchi S, Shinohara J,
Takeshita E, Watanabe K, Saruta T. Cholesteryl
ester transfer protein polymorphism
associated with macroangiopathy in Japanese
patients with type 2 diabetes.
Atherosclerosis 2001; 156: 151-6.

Castafnon M, Lauricella A, Genoud V,
Quintana J. Importance of the determination
of homocysteine and C677T polymorphisms
of methylenetetrahydrofolate reductase.
Acta Bioquim Clin Latinoamerica 2006; 40:
335-9 [article in Spanish].



45, Couto FD, Adorno EV, Menezes JF, Moura
Neto JP, Rego MA, Reis MG, Goncalves MS.
C677T polymorphism of the MTHFR gene and
variant hemoglobins: a study in newborns
from Salvador, Bahia, Brazil.

Cad Saude Publica 2004; 20: 529-33.

46. Cardona H, Cardona-Maya W, Gomez JG,
Castaneda S, Gomez JM, Bedoya G, Alvarez L,
Torres JD, Tobdn LI, Cadavid A. Relationship
between methylenetetrahydrofolate
reductase polymorphism and homocysteine
levels in women with recurrent pregnancy
loss: a nutrigenetic perspective.

Nutr Hosp 2008; 23: 277-82
[article in Spanish].

47. Morales-Machin A, Borjas-Fajardo L,
Quintero JM, Zabala W, alvarez F, Delgado W,
Herndndez ML, Solis-Afez E, Sdnchez Y,
Butrén Z. C677T polymorphism of the
methylentetrahydrofolate reductase gene as
risk factor in women with recurrent abortion.
Invest Clin 2009; 50: 327-33
[article in Spanish].

48. Galanz-Hernandez C, Sierra J, Sanchez R,
Martinez M, Izquierdo I, Camacho A.
Frequency of MTHFR C677T mutation in the
general population of Tehuacan, Puebla.
Mexico. XXIX Congreso de Genética Humana,
Puebla 2005 Resimenes GP07.

49. Gutierrez J, Pérez F, Tamparillas M, Calvo M.
Absence of genetic selection on the
frequency of C677T and A1298C
polymorphisms of methylenetetrahydrofolate
reductase gene due to folate
supplementation of the Spanish population.
Quim Clin 2004; 23: 132-6 [article in Spanish].

50. Rosenberg N, Murata M, Ikeda Y,

Opare-Sem O, Zivelin A, Geffen E, Seligsohn U.
The frequent 5,10-methylenetetrahydrofolate
reductase C677T polymorphism is associated
with a common haplotype in whites,
Japanese, and Africans.

Am J Hum Genet 2002; 70: 758-62.

51. Jimenez PM, Conde C, Casanegra A,

Romero C, Tabares AH, Orias M. Association of
ACE genotype and predominantly diastolic
hypertension: a preliminary study.

J Renin Angiotensin Aldosterone Syst

2007; 8:42-4.

52. MunhozT, Scheibe R, Schmitt V. Angiotensin
converting enzyme (ACE) DD genotype:

53.

54.

55.

56.

57.

58.

59.

60.

Cardiovascular-related genetic polymorphisms

relationship with venous thrombosis.

Rev Bras Hematol Hemoter 2005; 27: 87-9.
Vargas C, Orostegui M, Ardela M, Cancelado S,
Bautista. L. Polimorfismos de los genes del
sistema renina angiotensin aldosterona e
hypertension arterial esencial. IX Congreso
Red Latino Americana de Epidemiologia
Clinica 2005, resimenes p: 30.

Pascuzzo-Lima C, Mendible J, Bonfant C.
Angiotensin-converting enzyme insertion/
deletion gene polymorphism and progression
of Chagas’ cardiomyopathy.

Rev Esp Cardio 2009; 62: 320-2.
Quintero-Ramos A, Valdez L, Hernandez G,
Baltasar L, Padilla J, Valle Y, Rodarte K, Ortiz R,
Ortiz-Aranda M, Olivares N, Rivas F.
Assessment of five thrombophilic genetic
polymorphisms among couples with habitual
abortion.

Gac Med Méx 2006; 142: 95-8

[article in Spanish].

Pamies E, Palmero C, Garcia R, Stiefel P,
Miranda M, Martin V. The effect of the
angiotensinogen M235T and the
angiotensin-converting enzyme |/D
polymorphisms on arterial hypertension and
other cardiovascular risk factors.

Med Clinic (

Barc) 1999; 113: 164-8 [article in Spanish].
Ishigami T, Iwamoto T, Tamura K, Yamaguchi S,
Iwasawa K, Uchino K, Umemura S, Ishii M.
Angiotensin | converting enzyme (ACE) gene
polymorphism and essential hypertension in
Japan. Ethnic difference of ACE genotype.
Am J Hypertens 1995; 8: 95-7.

Trimarchi H, Duboscq C, Lombi F, Murgan A,
Young P, Rodriguez E. Activity of plasminogen
activator inhibitor type-1 4G/ 5G
polymorphism in chronic hemodialysis.

Rev Nephrol Dial Transpl 2007; 27 suppl 2:
$153-8.

Guimarées D, Santos M, Rios D, Sabino A,
Cardoso J, Gomes K. Polymorphism (4G/5G) in
the plasminogen activator inhibitor-1 (PAIT)
promoter gene and its relationship with the
PAI-1 plasma levels in women under oral
hormone replacement therapy (HRT).

J Thromb Haemost 2009; 7 Suppl 2:

abstract PP-MO-363.

Nuno-Aranda |, Paez L, Quintero JM, Mufnioz F,
Sandoval L, Pinto D. Distribution of 4G / 5G

61.

62.

63.

64.

65.

66.

67.

535

polymorphism of PAI-1 promoter gene in
mestizo and six ethnic groups in Mexico. XXIX
Congreso de Genética Humana 2005. Vol.
resumenes GP21.

Isordia-Salas |, Leanos-Miranda A, Sainz IM,
Reyes-Maldonado E, Borrayo-Sanchez G.
Association of the plasminogen activator
inhibitor-1 gene 4G/5G polymorphism with
ST elevation acute myocardial infarction in
young patients.

Rev Esp Cardiol 2009; 62: 365-72.

Tai ES, OrdovaS JM, Corella D,
Deurenberg-Yap M, Chan E, Adiconis X,
Chew SK, Loh LM, Tan CE. The TaqIB and
-629C> A polymorphisms at the cholesteryl
ester transfer protein locus: associations with
lipid levels in a multiethnic population. The
1998 Singapore National Health Survey.
Clin Genet 2003; 63: 19-30.

Frances F, Portolés O, Gabriel F, Corella D,
Sorli JV, Sabater A, Alfonso JL, Guillén M.
FactorV Leiden (G1691A) and
prothrombin-G20210A alleles among patients
with deep venous thrombosis and in the
general population from Spain.

Rev Med Chil 2006; 134: 13-20 [article in
Spanish].

Sabino A, Ribeiro D, Guimardes D, Soares A,
Carvalho M, Fernandes A. Factor V Leiden: an
important risk factor for venous and arterial
thrombosis in Brazilian patients.

J Thromb Haemost 2005; 3 (Supplement 1):
abstract number P0439.

Torres JD, Cardona H, Alvarez L,
Cardona-Maya W, Castafieda SA,
Quintero-Rivera F, Cadavid A, Bedoya G,
Tobédn L. Inherited thrombophilia is
associated with deep vein thrombosis in

a Colombian population.

Am J Hematol 2006; 81: 933-7.

Pestana Cl, Torres A, Blanco S, Rojas MJ,
Méndez C, Lopez JL, de Bosch NB, Porco A.
Factor V Leiden and the risk of venous
thrombosis, myocardial, and stroke:

a case-control study in Venezuela.

Genet Test Mol Biomarkers 2009; 13: 537-42.
Hashimoto K, Shizusawa Y, Shimoya K,
Ohashi K, Shimizu T, Azuma C, Murata Y.
The factor V Leiden mutation in Japanese
couples with recurrent spontaneous abortion.
Hum Reprod 1999; 14: 1872-4.



