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Background and Aims. High triglyceride levels are closely related to cardiovascular dis-
ease. Its development lays on age, diet, physical activity, ethnicity and genetic factors.
Among the last, the CYP1A1*2C allele has an influence on the metabolism of cholesterol
and other fatty acids. We undertook this study to determine the frequency of CYP1A1*2C
and its association with triglyceride levels in Mexican indigenous Tarahumaras and
Tepehuanos.

Methods. Anthropometric and biochemical data were recorded. Genotyping of
CYP1A1*2C by RT-PCR was done in 110 Tepehuano, 69 Tarahumara and 64 Mestizo.

Results. Significant differences in age, waist diameter, BMI, creatinine, glucose, choles-
terol, triglycerides, HDL and VLDL measurements were found between Tarahumaras and
Tepehuanos ( p !0.05). Additionally, Tarahumara women showed the highest values of
waist diameter, BMI and triglycerides ( p !0.05). It was found that Tarahumaras showed
a significant association between high triglyceride levels and CYP1A1*2C allele
(OR 5 2.57; 95% CI 1.12e5.88, p 5 0.024) under a recessive inheritance model. How-
ever, the Tepehuano group showed a significant protective association between normal
triglyceride levels and CYP1A1*2C polymorphism (OR 5 0.28; 95% CI 0.10e0.80,
p 5 0.015) following a dominant inheritance model. The same pattern was observed after
analysis with females of both ethnicities.

Conclusion. A significant association between CYP1A1*2C and high triglyceride levels
in Amerindian Tarahumaras from Chihuahua has been found; this allele was significantly
associated with normal triglyceride levels in Tepehuanos from Durango, Mexico. Further
studies are needed to elucidate the genetic role of CYP1A1 in cardiovascular disease sus-
ceptibility. � 2014 IMSS. Published by Elsevier Inc.
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Introduction

Because the liver plays a fundamental role in the synthesis
and transport of fatty acids, it can be associated with triglyc-
eride disorders. Hypertriglyceridemia is a frequent lipid dis-
order, which can be defined as an abnormal increase of
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triglyceride concentration in the blood (1). Primary hypertri-
glyceridemia has a genetic etiology and is inherited. Second-
ary hypertriglyceridemia, on the other hand, has underlying
causes such as diabetes or alcoholism. A study revealed that
primary and secondary hypertriglyceridemia are often asso-
ciated with other lipid abnormalities (2). High triglyceride
levels are compelling factors of atherogenic dyslipidemia
and can increase cardiovascular risk (3).

Hypertriglyceridemia, abdominal obesity along with a
large waist, genetics, low metabolism, null physical activity,
a diet rich in saturated fat and very high caloric content and
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ethnicity are important risk factors for cardiovascular dis-
ease (4,5).

The enzyme CYP1A1 plays an important role in themeta-
bolism of cholesterol and other fatty acids such as arachi-
donic acid (AA), eicosapentaenoic acid (EPA) and
docosahexaenoic acid (DHA) (6). CYP1A1 acts both as an
epoxygenase and u-1 hydroxylase when converting EPA in
17(R), 18(S ) enantiomers of epoxyeicosatetraenoic acid
(17[R]-EETeTr, 18[S]-EETeTr), and 19-OH-EPA metabo-
lites (7,8). CYP1A1 exclusively epoxidizes the u-3 double
bond of EPA and produces 19,20-EDP (9). Furthermore,
important contributions of CYP1A1 in the production of sig-
nalling and vasoreactive molecules from fatty acids and ste-
roids have been described (10). This suggests that allelic
variants of CYP1A1 may affect triglyceride concentrations.

A number of CYP1A1 allelic variants have been associ-
ated with a higher inducibility and/or activity of the
enzyme. Among these, CYP1A1*2C (2455AOG
rs1048943, Ile462Val) affects EPA metabolism by altering
both, the catalytic efficiency and region specificity of the
enzyme (8). Furthermore, CYP1A1*2C has been associated
with a 6- to 12-fold higher hydroxylation capacity that
forms 17b-estradiol and estrone (11).

Lipid-associated diseases are among the leading causes of
morbidity and mortality worldwide. Those conditions have
reached populations traditionally considered as healthy such
as indigenous groups in Mexico. The ethnic group Tarahu-
mara lives in a mountainous region of Chihuahua in the north
of Mexico and represents the second largest Amerindian
group in the country (12). Recently, an increase in migration
rate to larger settlements because of harsh environmental, so-
cial and economic conditions have forced Tarahumaras to
adopt a more westernized lifestyle (12,13).

Similarly, the Southern Tepehuano group is also settled in
themountainous region ofDurango,Mexico and as happened
with Tarahumaras, they have adopted amestizo lifestyle (14).
Thus, this study aimed to investigate the frequencies of CY-
P1A1*2C in Tarahumaras and Tepehuanos and their associa-
tion with triglyceride levels.
Table 1. Reference values for biochemical testing measurements (16)

Test Reference values

Creatinine 0.6e1.3 mg/dL

Glucose 70e105 mg/dL

Cholesterol 0e200 mg/dL

Triglycerides 0e150 mg/Dl

AST 0e41 U/L

ALT 0e40 U/L

LDL 35e100 mg/dL

HDL 35e60 mg/Dl

VLDL 0e35 mg/Dl

AST, aspartate aminotransferase; ALT, alanine aminotransferase; LDL,

low-density lipoprotein; HDL, high-density lipoprotein; VLDL, very-

low-density lipoprotein cholesterol.
Materials and Methods

Study Subjects and Definitions

We conducted a descriptive and association study including
69 Tarahumara volunteers from ‘‘Choguita’’ community in
Chihuahua State and 110 volunteers from the South Tepe-
huano group with residence in ‘‘Duraznitos’’ community
from El Mezquital, Durango and 64 rural Mestizo volun-
teers from Llano Grande town belonging to the Durango
municipality in the state of Durango in the north of Mexico.
Moreover, the Amerindian ancestry of the studied groups
was confirmed through the analysis of 15 short tandem re-
peats (STRs) loci (15). This study was approved by the
local Ethics Committee of the Hospital General de
Durango, Durango, Mexico. All volunteers were thor-
oughly informed of the study and provided written consent.
A questionnaire including dietary habits, alcohol and smok-
ing consumption was applied to all participants. Due to cul-
tural and language barriers, alcoholism was dichotomically
evaluated as positive or negative consumption without
considering the amount and frequency of consumption;
the same criteria were applied for smoking. Family history
and a complete medical evaluation were obtained from each
volunteer. Each procedure was carried out by the same
trained personnel: questionnaire application, medical his-
tory, and blood sampling/processing and genotyping.

Biochemical Testing Measurements

Biochemical profile analyses were performed at the
Biomedical Research Institute from Universidad Juarez de
Durango, Mexico. Normal values are shown in Table 1.
Those measurements were done by enzymatic methods
(16).

DNA Extraction and Genotyping

Five mL of peripheral venous blood from each volunteer
were collected in an EDTA supplemented tube. Genomic
DNA was extracted from whole venous blood using a
QIAmp DNA Blood Kit according to the manufacturer’s in-
structions (Qiagen, Hilden, Germany). DNA integrity was
confirmed by 1% agarose gel electrophoresis and quantified
in a NanoDrop 2000 spectrophotometer (Thermo Fisher
Scientific, Waltham, MA). Genotyping was done by semi-
quantitative Real Time Polymerase Chain Reaction (qRT-
PCR) in a StepOne Real Time PCR system (V.2.2, Applied
Biosystems, Foster City, CA) under standard conditions.
MGB TaqMan probes were used to identify CYP1A1*2C
(C_25624888_50) polymorphism (17).

Statistical Analysis

Data are presented as mean � standard deviation or propor-
tions. Median, maximum and minimum values were also
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calculated. To consider the sample size as valid, we used
the Central Limit Theorem in order to avoid bias and sup-
port the statistical analyses executed (18e20).

Data were log transformed for normalization of variables.
Anthropometric and biochemical data were analyzed using a
one-wayANOVA test. Goodness of Fit andHomogeneity an-
alyses as well as Mantel-Haenszel Odds Ratio Estimate were
useful to evaluate the association of co-variables with hyper-
triglyceridemia. Another stratification analysis was done for
women of Tepehuano and Tarahumara groups based on the
risk age for cardiovascular disease according to different in-
stitutions and authors. The cut-off break point for age used in
this study was fixed at 45 years old (21). Both allele fre-
quencies and observed and expected heterozygosity were
estimated by gene counting method. Hardy-Weinberg Equi-
librium (HWE) for genotype distribution was calculated
through an exact test using c2. Another Pearson c2 test was
used to estimate differences of the genotype and allele fre-
quencies between ethnic groups. All analyses were done us-
ing SPSS Statistic Software v. 17.

AMOVA (Analysis of Molecular Variance) was done in
order to explore genetic differences among the populations
tested. The Arlequin Software (22) was used for calculation
of the AMOVA analysis.

Finally, the association study between genetic and
biochemical data was carried out by logistic regression
analysis using the free software SNPStats (23). The statis-
tically significant values for all analyses previously
mentioned were considered as p !0.05.
Results

In this study, a total of 69 Tarahumaras including 49 women
(71%) and 20 men (29%) were analyzed. Their mean age
was 44.14 � 13.02 years old. One hu7ndred ten individuals
of Tepehuano origin including 74 women (67%) and 37
men (33%) with an average age of 36.24 � 13.82 years
old were evaluated. Sixty four Mestizo volunteers, 45
Table 2. Biochemical and anthropometric data of Tepehuano, Tarahumara and M

Antropometric-biochemical data Tepehuano n [ 110

Age (years) 36.71 � 13.37

Waist (cm) 79.84 � 8.21

Body mass index 21.86 � 4.44

Creatinine (mg/dL) 0.70 � 0.30

Cholesterol (mg/dL) 155.56 � 40.75

Triglycerides (mg/dL) 113.44 � 66.08

AST (u/dL) 35.85 � 21.40

ALT (u/dL) 29.57 � 31.44

LDL (mg/dL) 69.80 � 22.95

HDL (mg/dL) 51.09 � 12.41

VLDL (mg/dL) 22.64 � 13.17

AST, aspartate aminotransferase; ALT, alanine aminotransferase; LDL, low-den

lipoprotein cholesterol.
aANOVA test.
women (70%) and 19 men (30%) with an average age of
44.4 � 14.1 years were also included. Complete profile
of anthropometric and biochemical data for the three
groups is shown in Table 2. All variables except ALT dis-
played significant differences between groups ( p !0.05).

The analysis by gender revealed significant differences
in most of the analyzed variables with the exception of
ALT and HDL in men (Table 3). In the case of women,
ALT was the only test with no significant differences be-
tween groups (Table 3).

In the Tepehuano group, significant differences in num-
ber of smokers ( p 5 0.000) and alcohol consumers
( p 5 0.000) between women and men were found.
Although Tarahumara showed significant differences in
number of smokers according to gender ( p 5 0.000), no
significant differences were found in alcohol consumers.

Statistically significant differences between Tarahumara,
Tepehuano and Mestizo women were found for waist diam-
eter, BMI, creatinine, cholesterol, triglycerides, AST, LDL
HDL and VLDL ( p !0.05). Tarahumara and Mestizo
women showed the highest values of waist diameter, BMI,
triglycerides and VLDL ( p !0.05) (Table 3). Mestizo
women showed the highest values for age ( p5 0.031), waist
diameter ( p 5 0.000), BMI ( p 5 0.000), cholesterol
( p 5 0.000), triglycerides ( p 5 0.03), LDL ( p 5 0.000)
and VLDL ( p 5 0.02) (Table 3). The same comparison in
the case of men revealed differences for age ( p 5 0.019),
waist circumference ( p 5 0.000), BMI ( p 5 0.000), creati-
nine ( p 5 0.025), cholesterol ( p 5 0.000), triglycerides
( p5 0.028), AST ( p5 0.020), LDL ( p5 0.000) and VLDL
( p5 0.021); the remaining variables did not show significant
differences between groups.

In order to determine the influence of tobacco and
alcohol on triglyceride concentrations, we carried out a
further analysis between smokers vs. non-smokers and al-
coholics vs. non-alcoholics; this analysis revealed no signif-
icant differences in triglycerides or any other of the
biochemical parameters evaluated.
estizo populations

Tarahumara n [ 69 Mestizo n [ 64 pa

44.14 � 13.02 44.34 � 14.13 0.000

84.85 � 9.72 94.18 � 13.30 0.000

24.15 � 4.59 27.93 � 4.87 0.000

0.79 � 0.13 0.90 � 0.19 0.000

145.63 � 29.16 203.34 � 54.30 0.000

164.12 � 90.60 177.06 � 107.64 0.000

39.22 � 12.00 26.81 � 11.22 0.000

31.76 � 15.13 30.07 � 24.69 0.786

68.59 � 18.20 118.23 � 35.30 0.000

40.99 � 11.15 50.25 � 13.62 0.000

32.82 � 18.12 35.68 � 21.60 0.000

sity lipoprotein; HDL, high-density lipoprotein; VLDL, very-low-density



Table 3. Anthropometric and biochemical data of Tepehuano, Tarahumara and Mestizo by gender

Males Females

Tepehuano [ 36 Tarahumara [ 20 Mestizo [ 19 pa Tepehuano [ 74 Tarahumara [ 49 Mestizo [ 45 pa

Age (years) 36.0 � 8.68 44.90 � 13.24 47.53 � 14.94 0.03 36 � 14.70 41.26 � 12.31 43.06 � 13.75 0.020

Waist (cm) 77.2 � 8.17 83.51 � 7.48 91.92 � 14.09 0.000 79.36 � 8.66 85.39 � 9.92 95.11 � 13.03 0.000

BMI 19.34 � 5.85 22.44 � 3.52 26.69 � 3.97 0.000 22.26 � 4.39 24.80 � 4.64 28.44 � 5.15 0.000

Creatinine

(mg/dL)

0.83 � 0.11 0.82 � 0.17 0.97 � 0.27 0.02 0.66 � 0.35 0.75 � 0.11 0.88 � 0.15 0.000

Cholesterol

(mg/dL)

147.73 � 33.34 148.05 � 33.7 185.84 � 41.16 0.00 159.07 � 43.14 144.88 � 28.36 210.43 � 57.68 0.000

Triglycerides

(mg/dL)

98.6 � 36.18 135.57 � 67.62 174.91 � 123.25 0.03 116.48 � 72.29 166.72 � 98.81 177.94 � 102.11 0.000

AST (U/dL) 38.93 � 9.35 35.79 � 14.48 27.45 � 10.03 0.02 36.83 � 24.73 38.32 � 10.82 26.55 � 11.78 0.003

ALT (U/dL) 29.67 � 8.87 26.24 � 10.0 30.81 � 22.3 0.44 31.52 � 37.56 32.54 � 17.09 28.31 � 18.65 0.750

LDL (mg/dL) 66.13 � 19.8 69.45 � 21.58 108.16 � 24.54 0.000 70.96 � 24.18 67.74 � 16.22 122.31 � 38.30 0.000

HDL (mg/dL) 49.62 � 11.77 43.30 � 10.02 45.01 � 8.5 0.12 53.36 � 12.91 40.35 � 10.85 52.37 � 14.78 0.000

VLDL (mg/dL) 19.72 � 7.23 26.20 � 12.61 34.98 � 24.65 0.02 23.74 � 14.97 33.34 � 19.76 35.97 � 20.50 0.001

Values are mean � SD.
aANOVA test.
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Triglyceride levels in Tarahumara women were indepen-
dent of age by the Mantel-Haenszel Common Odds Ratio
Estimate ( p O0.05); conversely Tepehuano females
O45 years old have a 3.40 higher chance to present high
triglyceride levels than younger Tepehuano women (95%
CI, 1.45e7.97).

Genotype and allele frequencies of the three groups are
displayed in Table 4. Significant differences were found in
CYP1A1*2C allele frequency between groups ( p 5 0.000).
This polymorphism is in HardyeWeinberg equilibrium
( p O0.05) in the three populations.

After ethnic comparisons, it was found that Tarahumaras
have a significant association between high triglyceride
levels and CYP1A1*2C allele (OR 5 2.57; 95% CI
1.12e5.88, p5 0.024) under a recessive inheritance model.

In regard to the Tepehuano group, the same analysis
showed a significant protective association between normal
triglyceride levels and CYP1A1*2C polymorphism
Table 4. Allele and genotype frequencies, heterozygosity (H) and HWE testa fo

CYP1A1 Malesb

Allele Tepehuano n [ 36 Tarahumara n [ 20 Mestizo n [ 1

*1A 38.8 (27.6e50.1) 72.5 (58.7e86.3) 42.1 (26.4e57.

*2C 61.1 (49.8e72.4) 27.5 (13.7e41.3) 57.8 (42.2e73.

Genotype

*1 A/*1A n 5 6 He 5 15.1;

Ho 5 11.1

n 5 10 He 5 52.5;

Ho 5 50.0

n 5 3 He 5 17

Ho 5 21.0

*1 A/*2C n 5 17 He 5 47.5;

Ho 5 55.5

n 5 8 He 5 39.8;

Ho 5 45.0

n 5 10 He 5 48

Ho 5 42.1

*2 C/*2C n 5 13 He 5 37.3;

Ho 5 33.3

n 5 2 He 5 39.8;

Ho 5 45.0

n 5 6 He 5 33

Ho 5 36.8

Allele values are % (95% CI), heterozygosity expected (He%), Heterozygosity o
aHWE 5 p O0.05.
bAMOVA test, differences among males p 5 0.000.
cAMOVA test, differences among females p 5 0.000.
(OR 5 0.28; 95% CI 0.10e0.80, p 5 0.015) following a
dominant inheritance model. In reference to Mestizos, no
significant associations were found.

A logistic regression analysis of women of both ethnic-
ities was carried out. After a crude analysis, a strong asso-
ciation between CYP1A1*2C and high triglyceride levels
was found in Tarahumara women under a recessive inheri-
tance model (OR 4.01, 95% CI 1.39e11.51, p 5 0.007)
(Figure 1). This association remained, after adjustment by
age, waist diameter, BMI, tobacco and alcohol consump-
tion, under a recessive inheritance model (OR 7.59, 95%
CI 1.93e29.95, p 5 0.0018).
Discussion

Our results suggest a significant association between CY-
P1A1*2C and high triglyceride levels in Tarahumara
women from Chihuahua, Mexico; conversely, a significant
r CYP1A1*2C in Tepehuanos, Tarahumara and Mestizos by gender

Femalesc

9 Tepehuano n [ 74 Tarahumara n [ 49 Mestizo n [ 45

8) 35.7 (28.1e43.3) 73.4 (64.7e82.2) 50.0 (39.7e60.3)

6) 64.3 (56.7e71.8) 26.5 (17.8e35.3) 50.0 (39.7e60.3)

.7; n 5 9 He 5 12.7;

Ho 5 12.1

n 5 26 He 5 53.9;

Ho 5 55.1

n 5 11 He 5 25.0;

Ho 5 31.1

.7; n 5 34 He 5 45.9;

Ho 5 50.0

n 5 19 He 5 38.9;

Ho 5 36.7

n 5 23 He 5 50.0;

Ho 5 37.7

.5; n 5 31 He 5 41.3;

Ho 5 45.9

n 5 4 He 5 7.0;

Ho 5 8.1

n 5 11 He 5 25.0;

Ho 5 31.1

bserved (Ho%) and Hardy-Weinberg equilibrium test.



Figure 1. Relationship between triglyceride levels and CYP1A1*2C genotypes in Tepehuano, Tarahumara and Mestizo women.
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association between CYP1A1*2C allele and normal triglyc-
eride levels was observed in Tepehuano women from Du-
rango, Mexico.

Hypertriglyceridemia increases the risk of cardiovascu-
lar disease coupled with obesity, metabolic syndrome and
type 2 diabetes (24,25). Hypertriglyceridemia affects more
than half of the population worldwide (26,27). In Mexico,
the incidence of hypertriglyceridemia has been reported
to be 31.5% (95% CI, 29.3e33.9) of the total adult popula-
tion (28,29). Previous reports have evaluated the lipid pro-
file in indigenous populations in Mexico demonstrating an
increase in the incidence of hypercholesterolemia and hy-
pertriglyceridemia (14,30,31).

Our results showed significant differences in triglyceride
levels between Tarahumaras, Tepehuanos and Mestizos
( p 5 0.000). The observed significant difference between
groups was maintained after stratification by gender. The
altered lipid profile in Tarahumaras and Tepehuanos may
be the result of the acquisition of a westernized lifestyle
including processed food and high fat intake with less phys-
ical activity (12e14,30e32). However, genetic underlying
causes may also play a key role in ailments of lipid meta-
bolism in these ethnic groups.

The frequency of CYP1A1*2C in the Asian population
(26%)was significantly lower than that observed in Tepehua-
nos from this study (65%, p5 0.0005), but similar to Tarahu-
maras (27%) (33). The frequency reported in the Inuit
population from Canada (45%) is also significantly lower
than that of our Tepehuano studied group ( p 5 0.0056) and
also different fromTarahumaras ( p5 0.0068) (34). Remark-
ably, it has been stated that the Inuit population seems to be
protected against cardiovascular disease due to a
combination of their traditional dietary lifestyle and genetic
traits (35).More importantly, recent findings show that allelic
variants likeCYP1A1*2C involved in the modulation of lipid
metabolism may play a crucial role in the normalization of
cardiovascular status in the Inuit population (34). Similarly,
an evaluation of cardiovascular risk in Taiwanese population
revealed a protective dose-response effect of the CY-
P1A1*2C allele (36). Even though this protective effect
was also observed in Tepehuanos from Durango, we could
not detect it in the Tarahumara population. Lack of a protec-
tive effect is probably due to the high triglyceride levels and
obesity found in Tarahumara women despite the relatively
high frequency ofCYP1A1*2C polymorphism in this popula-
tion. Nevertheless, in contrast to the Tarahumaras, the high
frequency of CYP1A1*2C allele in Mestizos (|50%) was
not associated with the high triglyceride levels exhibited by
most of this group.

It is noticeable that CYP1A1*2C frequency in Tarahu-
maras was significantly different than that observed in Te-
pehuanos. This result is in agreement with the differences
described between Tarahumaras and other indigenous
groups of Mexico in regard to the frequency of polymor-
phism in CYP2C9 (37), CYP2C19 (38) and CYP2D6
(38,39) genes. This could be a consequence of the genetic
differentiation described for the Tarahumara group in addi-
tion to their closeness with native North Americans such as
NaDene groups (40).

Two potential factors could influence over the observed
paradoxical association of CYP1A1*2C with hypertrigly-
ceridemia in Tarahumara women: 1) the additive and/or
epistatic effect of the CYP1A1*2C allele with other genetic
polymorphisms, and 2) the small sample size of the
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Tarahumara group compared to Tepehuanos. However, the
last can be questionable because all the studied populations
are in HWE. It is worth mentioning that both indigenous
groups exhibited a similar acculturation status, which is
related to the increase of high-caloric intake of saturated
fat, smoking and alcohol intake (30,41). Therefore, such
environmental factors could represent a minor influence
in the observed association.

The CYP1A1 gene and protein expression is upregulated
in response to prolonged or chronic exposure to arterial levels
of shear stress (hemodynamic biomechanical forces) (42,43);
its expression may be important for the maintenance of an
athero-protective endothelial phenotype in mouse aortas
(42). Thus, the normal triglyceride values in Tepehuanos
may be partially explained by this phenomenon.

The role of estrogens in the vascular system is well
known by stabilizing endothelial cells and maintaining
vascular permeability (44), which maintains an adequate li-
poprotein profile. This is lost during menopause and, there-
fore, the risk of cardiovascular disease increases (41,45).
CYP1A1 has a significant role on hydroxylation of 17 b-
estradiol (E2) at the C-2, C-4, C-15 a, and C-6 a positions
(46). Thus, CYP1A1*2C allele may exert a cardioprotective
mechanism through modulation of estrogen effects in post-
menopausal women (47). In the present study, women of
the Tarahumara population presented a marked susceptibil-
ity risk for high triglyceride levels associated with the pres-
ence of CYP1A1*2C polymorphism. An explanation may
be that the high triglyceride content in Tarahumara women
could saturate the metabolic capacity of the CYP1A1
enzyme. More importantly, the key role of CYP1A1 in es-
trogen metabolism could explain the observed association
in Tarahumara women who are significantly older than
the Tepehuano women.

In order to find better explanations of the high lipid pro-
file in Tarahumara women, other genes involved in triglyc-
eride metabolism must be further explored. That is the case
of the peroxisome proliferator-activated receptor-g2
(PPARg2) gene, which may play a central role in the accu-
mulation of abdominal adiposities in Chinese women (48).
The combined activity of apolipoprotein C-III (APOC3)
and apolipoprotein A-I (APOAI ) genes through C2/S haplo-
type increase both triglyceride levels and risk of coronary
artery disease in Indian (49). Likewise, the apolipoprotein
E (APOE ) gene increases myocardial infarction suscepti-
bility altogether with consumption of saturated fat diets
(50). Recently, the fatty acid desaturase 3 (FADS3) gene
was associated with hyperlipidemia and elevated triglycer-
ides in Mexican populations (51); therefore, it may be ad-
vantageous to further study these genes in Amerindian
Tarahumaras.

However, some limitations of the study require to be
mentioned: a) small sample size in the Tarahumara popula-
tion as a consequence of the low response rate of these iso-
lated communities, b) lack of quantitative data of alcohol
and tobacco consumption due to cultural and language bar-
riers of indigenous individuals at specifying accurate con-
sumption amounts, c) differences in the high frequency of
CYP1A1*2C allele in Tepehuanos in regard to the lower fre-
quency in Tarahumaras that make necessary an increase in
the sample size of the last group, and d) lack of estrogen con-
centration measurements in females of all the groups evalu-
ated in order to support or discard the hypothesis of the
estrogen content as a risk factor for high triglyceride levels.

To our knowledge, this is the first study that reports a
strong association between high triglyceride levels and
the CYP1A1*2C allele in female Tarahumaras from
Chihuahua, Mexico. The same allele was significantly asso-
ciated with normal triglyceride levels in Amerindian Tepe-
huanos from Durango, Mexico. However, more studies are
needed to confirm the genetic role of CYP1A1 in cardiovas-
cular disease susceptibility.
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