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Purpose: This study aimed to analyze the association of the apolipoprotein E (ApoE)
polymorphisms with type 2 diabetes mellitus (T2DM) among the admixed population of
West Mexico.

Patients and Methods: 4poE genotypes were determined in 168 T2DM patients and 449
non-diabetic control subjects from the general admixed population of West Mexico. The non-
diabetic subjects were stratified according to body mass index (BMI) in normal weight
(n=186), overweight (n=138), and obesity (n=125). ApoE genotypes were assessed by
using a TagMan allelic discrimination assay, insulin resistance (IR) by HOMA-IR, and
biochemistry with a dry chemistry assay.

Results: The rate of dyslipidemias and IR increased by BMI category among the control
subjects. The greater shift in the prevalence of dyslipidemia was observed from normal
weight (51.4%) to overweight (76.6%), p<0.01. Normal weight or obese e4 allele carriers
had a higher level of total cholesterol and hypercholesterolemia than non-e4 carriers. Among
the T2DM patients, the e2 carriers had abnormal HOMA-IR value than the non-e2 carriers
(p=0.002). Comparatively, between the T2DM patients vs non-diabetics, the e2e3 genotype
or e2 allele conferred a higher risk for T2DM (adjusted OR= 2.36, 95% CI 1.28-4.34,
p=0.006 and adjusted OR=2.1, 95% Cl 1.20-3.79, p=0.009, respectively).

Conclusion: The ApoE e2 allele was associated with IR and the risk of T2DM in subjects
from the general admixed population of West Mexico.

Keywords: ApoE, obesity, dyslipidemia, nutritional transition, hepatopathogenic diet,
HOMA-IR

Introduction

Type 2 diabetes mellitus (T2DM) is a complex metabolic disorder linked to
a combination of genetic, clinical, and lifestyle factors. Although the global pre-
valence of T2DM is rapidly increasing, regional differences among populations are
notable due to ethnicity and environmental risk factors." Among the latter, obesity
and dyslipidemia are two well-established predisposing factors for T2DM.?
Currently, the United States and Mexico are the leading countries with the highest
prevalence of obesity.® A recent survey reported that more than 75.2% of the
Mexican adults are overweight or have obesity, whereas 10.3% have T2DM.*
The physiopathological link between obesity and T2DM is given by the increase
in body mass index (BMI) and its relationship with dyslipidemic states, including
high triglyceride (TG) levels and insulin resistance (IR).” Dyslipidemias, mainly
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hypertriglyceridemia (HTG), causes altered insulin action
triggering IR that eventually leads to pancreatic beta-cell
dysfunction and T2DM.%*” In this context, the Mexican
population presents a high incidence of HTG, hypercho-
lesterolemia (HCHOL), and hypoalphalipoproteinemia
(HALP), which has been attributed to a nutritional transi-
tion characterized by the consumption of an hepatopatho-
genic diet.*'® Nonetheless, these dyslipidemias remain
underdiagnosed, and data of their regional prevalence is
scarce.'”

On the other hand, genetic variants are known to reg-
ulate lipid concentrations. Apolipoprotein E (ApoE) is
a glycoprotein that mediates the metabolism of triglycer-
ide-rich lipoproteins.'' Three common alleles, e2, e3, and
e4, differing in the amino acid substitutions at positions
112 and 158, encode the protein isoforms e2, €3, and e4,
respectively. Each one is known to impact the clinical
phenotype of lipoprotein profiles differentially.'* The e3
allele is related to normal lipid serum concentration,
whereas the e4 allele increases total cholesterol (TC),
and the e2 allele confers genetic susceptibility to
HTG 1113

It has been documented that an uneven distribution of
the ApoE alleles may modify the prevalence of metabolic
disorders and T2DM within populations.'* Therefore, it is
not surprising that some studies have associated the e2
allele with T2DM'* while others have shown contrasting
results.'>"!”

In Mexico, the prevalence of the ApoFE alleles is het-
erogeneous as a result of the unequal regional distribution
of the Amerindian, Caucasian, and African ancestries
the 18,19

a previous study, a high prevalence of the e2 allele was

among mestizo (admixed) population. In
reported in an urban mestizo population of West Mexico.?’
However, the effect of the ApoE polymorphism on lipid
profile and its potential association with T2DM remains
unclear among this population. Herein, we analyzed the
association of the ApoFE alleles with T2DM among the

admixed population of West Mexico.

Patients and Methods

Subjects

A total of 168 unrelated T2DM patients and 449 non-
diabetic subjects were consecutively recruited from
October 2012 to December 2016. The study was con-
ducted at the Department of Molecular Biology in
Medicine, Hospital Civil of Guadalajara “Fray Antonio

Alcalde” Guadalajara, Jalisco, Mexico. The non-diabetic
subjects designated as the control group were stratified
according to BMI categories in normal weight (n=186),
overweight (n=138), and obesity (n=125). Exclusion cri-
teria were pregnant women and the use of lipid-lowering
diet or drugs at least six months before the study.

The study protocol complied with the ethical guide-
lines of the Declaration of Helsinki and was approved by
the Institutional Review Board of the Civil Hospital of
Guadalajara, Fray Antonio Alcalde. All participants gave
written informed consent before entering the study, and all
participant data has been anonymized.

Biochemical Measurements

Twelve-hour fasting venous blood samples were drawn from
each participant. Samples were immediately analyzed.
Fasting glucose, TG, high-density lipoprotein cholesterol
(HDL-c), TC, alanine aminotransferase (ALT), and aspartate
aminotransferase (AST) were measured by dry chemistry in
a Vitros 250 Analyzer (Ortho Clinical Diagnostic, Johnson &
Johnson, Rochester, NY, USA). Low-density lipoprotein
cholesterol (LDL-c) was indirectly estimated using the
Friedewald formula, and very-low density lipoprotein cho-
lesterol (VLDL-c) was calculated as TC minus (LDL-c +
HDL-c). Fasting insulin was measured by an enzyme-linked
immunosorbent assay (Monobind Inc, Texas, USA). Insulin
resistance was estimated by the equation: HOMA-IR=fasting
insulin concentration (pU/mL) x fasting glucose concentra-
tion (mg/dL)/405.*' A HOMA-IR cutoff point >2.5 was
considered as IR. For quality control purposes, a human
pooled serum and a commercial control serum (Ortho
Clinical Diagnostics, Johnson & Johnson) was used to
account for the imprecision and inaccuracy of the biochem-
ical measurements. The intra-assay coefficient of variation
(CV) of biochemical assays was measured using ten repeated
determinations of the control serum in the same analytical
session. The inter-assay CV% for each variable was calcu-
lated by the mean values of control sera measured in five
analytical sessions.

Anthropometric Measurements

During the physical examination, BMI (kg/m?) was mea-
sured by a calibrated instrument using electric bioimpe-
(InBody 3.0, Analyzer
Biospace, Korea). BMI was stratified according to the

dance Body Composition,
World Health Organization classification: normal weight
>18.5-24.99 kg/m?, overweight >25-29.99 kg/m? and
obesity >30 kg/m>.
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Diagnostics of T2DM

Patients included in the study were diagnosed with T2DM
when fasting glucose was > 126 mg/dL and two-hour

plasma glucose was > 200 mg/dL during an oral glucose
tolerance test.*”

Definition of Dyslipidemia

Dyslipidemias were defined according to National
Cholesterol Education Program ATP III criteria® as fol-
lows: hypertriglyceridemia >150 mg/dL, hypercholestero-
lemia >200 mg/dL, hypoalphalipoproteinemia <40 mg/dL
for men and <50 mg/dL for women; and high LDL-c

>130 mg/dL.

ApoE Genotyping

Genomic DNA was extracted from peripheral blood leu-
kocytes using a salting-out method. The ApoE genotypes
were detected by TagMan® 5 allelic discrimination assay
(rs429358, C 3084793 20, and rs7412, C 904973 10;
Applied Biosystems, Foster, CA, USA) as previously
described.** The the
StepOne Plus thermocycler according to the manufac-

reactions were performed in
turer’s instructions. Data were analyzed with StepOne
software v2.3. Genotypes were verified using positive
and negative controls. Twenty percent of the samples
were genotyped in duplicate, and the success rate
was 100%.

ApoE Group Categories

For the analysis of the association of ApoFE alleles with
dyslipidemic state, the six ApoE genotypes were grouped
into three ApoFE categories denoted as, E2: e2e2 + e2e3 +
eled; E3: e3e3 and E4: e3ed + eded.

Statistical Analysis

ApoE genotypes frequencies were obtained by direct
counting method. The Hardy-Weinberg Equilibrium
(HWE) was determined using the Arlequin software ver-
sion 3.1 (Berne, Switzerland). The Kolmogorov—Smirnov
test was used to evaluate the normal distribution of vari-
ables. Continuous variables were expressed as median +
standard deviation (SD). One-way ANOVA was used to
determine the statistical differences between quantitative
variables among the ApoE genotype categories. When
necessary, post hoc tests were run to assess intergroup
differences according to the homogeneity of variances.
Categorical variables were expressed as frequency and

compared by chi-square or Fisher’s exact tests.
Independent logistic regression analyzes were performed
to determine the association between T2DM and ApoE
polymorphisms. In each analysis, the reference allele/gen-
otype changed according to the allele/genotype to be
tested. Each regression model was adjusted by introducing
the variables age, gender, and BMI as covariates during
the analysis. The odds ratio (OR) was determined with
a 95% confidence interval. Two-sided p-value <0.05 was
considered statistically significant. Statistical analyzes
were calculated with the Epi Info'™ 7.1.2.0 (Center for
Disease Control and Prevention, Atlanta, USA) and IBM
SPSS Statistics software version 21 for Windows (SPSS

IBM, Inc. Chicago, IL, USA).

Results

Table 1 describes the clinical characteristics and biochem-
ical profile of the study groups. T2DM patients were
mainly obese, metabolically unhealthy, and with an altered
hepatic profile. In comparison, the normal weight subjects
presented an average biochemical profile and were
younger (33.5 + 13.1 years) than the T2DM patients. In
contrast, overweight subjects were older (50 + 16.5 years)
with a mean of TG, BMI, HOMA-IR, and TC comparable
to T2DM patients (p>0.05). Likewise, obese subjects had
mean variables similar to T2DM patients with ALT levels
above the normal range.

As shown in Table 2, an overall 89.3% of the T2DM
patients had some type of dyslipidemia. HTG was the most
prevalent dyslipidemia (71.4%), followed by HCHOL
(51.2%) and HALP (44.5%). Among the non-diabetic sub-
jects, the prevalence of dyslipidemias increased by BMI
category. Despite having normal lipid levels, 51.4% of the
normal weight subjects have some type of dyslipidemia in
which the most prevalent were HCHOL (30.6%), HALP
(29.9%), and high LDL-c (25%). In overweight subjects,
the prevalence of dyslipidemia augmented to 76.6% in
which HALP (52.5%), HTG (47.4%), and HCHOL
(39.7%) were the most relevant lipid alterations. Among
the obese patients, the prevalence of dyslipidemia was
78.4% following the same pattern as the overweight subjects:
HALP (56.6%), HTG (45.6%), and HCHOL (41.9%).

The effect of ApoE alleles on the metabolic profile and
dyslipidemia among T2DM patients is depicted in Table 3.
The E2 allele carriers had the highest HOMA-IR com-
pared to the non-E2 carriers (p=0.002) and decreased
levels of LDL-c compared to the E3 allele carriers.
Furthermore, as shown in Supplementary Table 1, in the
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Table | Demographic and Biochemical Characteristics of Non-Diabetic Subjects and T2DM Patients

Variable T2DM Patients Non-Diabetic Subjects

Reference Value Normal Weight Overweight Obese
Number of subjects - 168 186 138 125
Age (years) - 53.9 + 9,93+ 335+ 13.1% 50.0 + 16.5¢ 41.7 £9.0
Gender (F/M, %) - 62.5/37.5% 71.5/28.5 60.1/39.9 69.6/30.4
BMI (kg/m?) 18.5 to 24.99 28.8 + 551+ 224 +22% 278 + 1.5¢ 328+ 3.7
Glucose (mg/dL) <126 184.47 + 57+ 84.7 + 8.1% 95.9 % || 932 % 109
Total cholesterol (mg/dL) <200 201.2 + 50.9* 182.17 + 33.7% 194 + 42 198 + 47.4
Triglycerides (mg/dL) <150 2082 + 116.7+ 116 + 67.3% 1732 + 1328 169.8 + 108
LDL-c (mg/dL) <130 116.7% 53.8 106 + 33.2° 109.9 % 50.3 121 £ 43.6
HDL-c (mg/dL) >40 427 £ 11.1* 493 + 143+ 408+ 118 419 174
VLDL-c (mg/dL) 5-40 36.6 + 16.7+ 23.8 + 13.8%° 355+ 16.4 309+ 179
HOMA-IR <25 47 + 3.0% 1.8+ 1.7% 4039 3416
AST (IU/L) <30 417 + 31 4+ 264 %107 26.6 £ 9.5 298 % 154
ALT (U/L) <30 422 * 36.0% 24.6 + 14.4° 25.0 + 12.3° 35.1 £24.6

Notes: Data are mean  SD. *T2DM vs normal weight p< 0.05. TT2DM vs obese p<0.05. ‘T2DM vs overweight p<0.05. SNormal weight vs overweight p<0.05. °Normal
weight vs obese p<0.05. *Overweight vs obese p<0.05.
Abbreviations: BMI, body mass index; LDL-c, low-density lipoprotein cholesterol; HDL-c, high-density lipoprotein cholesterol; VLDL-c, very low-density lipoprotein
cholesterol; HOMA-IR, homeostatic measurement assessment-insulin resistance; AST, aspartate aminotransferase; ALT, alanine aminotransferase; T2DM, type 2 diabetes

mellitus.

Table 2 Prevalence of Dyslipidemia Among Non-Diabetic Subjects and T2DM Patients

Variables T2DM Patients Non-Diabetic Subjects
Normal Weight Overweight Obese

Number of subjects 168 186 138 125
Dyslipidemia 150 (89.3)* T 95 (51.4)% 105 (76.6) 98 (78.4)
Hypertriglyceridemia 120 (71.4)*F 38 (20.4)§<> 65 (47.4) 57 (45.6)
Hypercholesterolemia 86 (51.2)* 57 (30.6) 54 (39.7) 52 (41.9)
Hypoalphalipoproteinemia. 73 (44.5) 49 (29.9)% 62 (52.5) 60 (56.6)
High LDL-c 63 (37.5)% 41 (25.0)% 45 (38.8) 44 (41.9)

Notes: Data expressed as n (%). *T2DM vs normal weight, p<0.05. ‘“T2DM vs overweight, p<0.05. TT2DM vs obese, p<0.05. SNormal weight vs overweight, p<0.05.

°Normal weight vs obese, p<0.05.
Abbreviation: T2DM, type 2 diabetes mellitus.

non-diabetic patients, the presence of the E2 allele
increased the levels of HDL-c among the normal weight
subjects when compared to the other allele subgroups.
Also, the E2 allele increased the HOMA-IR among normal
weight and overweight subjects in comparison with the
other allele subgroups. In the £4 allele group, an increased
prevalence of HCHOL (51.7%) was found compared to
the E3 carriers (26.7%). Among the overweight subjects,
the E2 allele carriers were older (61.2 £ 13.2 years old)
compared to £3 and E4 carriers (50.8 + 13.4 years old and
50.2 + 14.2 years old, respectively). Among the obese
patients, the E4 allele increased TC (220.4 + 74.0 mg/
dL) compared to E2 allele (173.2 + 37.2 mg/dL). ApoE

genotypes and alleles were in HWE in both controls
(p=0.806) and T2DM patients (p=1.000).

Table 4 shows the association analysis in which the
T2DM patients compared to the non-diabetic group had
a higher proportion of e2e3 genotype (16.1% vs 5.4%) and
e2 allele (9.2% vs 3.3%). Variables of age, gender, and BMI
were adjusted for the association analysis revealing that the
presence of the e2 allele conferred an OR of 2.1 (95% IC
1.20-3.79, p=0.009) in comparison with e3 + e4 alleles.

Discussion
The association of the ApoE e2 allele with the suscept-

ibility for T2DM among specific populations has
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Table 3 Effect of ApoE Alleles on Lipid Profile and Dyslipidemia of T2DM Patients

Variables E2 (n= 30) E3 (n=118) E4 (n= 20) P-value
Age, (years) 56.9 £ 88 533 %95 53.1 £ 127 0.19
BMI (kg/m?) 294 + 44 287 +58 286 £ 53 0.84
Glucose (mg/dL) 188.7 + 80.9 176.0+ 55.8 171 399 0.73
Total cholesterol (mg/dL) 186.9 + 37.7 206.9 + 54 188.7 + 43 0.07
Triglycerides (mg/dL) 217.6 = 131.1 183.5 + 50.2 189.3 + 61.7 0.16
HDL-c (mg/dL) 457 +9 425 11.6 388+ 10 0.11
VLDL (mg/dL) 355+ 144 376 £ 179 324 £ 12 0.54
LDL-c (mg/dL) 94.6 + 44.71 120.9 + 56.5 126.5 + 40.3 0.04
HOMA-IR 6.55 * 2.0% 433 + 3.1 35+21 0.002
Dyslipidemia n (%)

Hypercholesterolemia 14 (46.7) 65 (55.1) 7 (35) 0.21
Hypertriglyceridemia 19 (63.3) 88 (74.6) 13 (65) 0.37
Hypoalphalipoproteinemia 7 (23.3) 48 (40.7) Il (55) 0.06
High LDL-c 7 (233) 50 (42.4) 6 (30) 0.12

Notes: E2: e2e2 + e2e3 + e2e4; E3: e3e3; E4: e3e4 + eded. TE2 vs E4, p<0.05; *E2 vs E3, p < 0.05; E2 vs E4, p<0.05.
Abbreviations: BMI, body mass index; HDL-c, high-density lipoprotein cholesterol; VLDL-c; very low-density lipoprotein cholesterol; LDL-c, low-density lipoprotein
cholesterol, HOMA-IR; homeostatic measurement assessment-insulin resistance; T2DM, type 2 diabetes mellitus.

generated controversies'*!” due to differences in the dis-
tribution of the ApoE alleles and lifestyle factors such as
diet composition or physical activity that result in altera-
tions of blood lipids. Therefore, we investigated such
association in the Mexican population which presents
both a high prevalence of the e2 allele among specific
populations as previously reported”’ and a high prevalence
of diabetes (10.3%).* Herein, an association of the e2
allele with T2DM with an increase in the prevalence of
dyslipidemias and HOMA-IR values were detected among
the study groups.

Dyslipidemias are known as metabolic risk factors
involved in the onset and progression of T2DM.® They
may confer risk for other chronic diseases such as

25 and liver diseases.’® In the case of

cardiovascular
T2DM, dyslipidemia and IR may trigger a constant
decline in B-cell function due to a continuous metabolic
exertion of these cells over a long period.”’ In this
study, half of the healthy normal weight subjects had
at least one abnormal lipid value and the main dyslipi-
demias were HCHOL and high LDL-c levels. This find-
ing is similar to previous data reported in younger
people from Central Mexico.”® Conversely, in the over-
weight and obese subjects, the main dyslipidemias were
HALP and HTG. In patients with T2DM, HTG was by
far the most prevalent dyslipidemia in agreement with
the elevated IR, and 51.2% of them had values of TC

above the recommended threshold.

Furthermore, a significant shift in the prevalence of the
metabolic lipid alterations that went from 51.4% in the
normal weight (age 33.5 years) to 76.6% in the overweight
subjects (age 50.0 years) was revealed. However, this shift
was not evident between overweight and obese patients
(76.6% to 78.4%). As for liver enzymes, elevated ALT is
a predictor of nonalcoholic fatty liver disease.”” ALT was
increased in obese non-diabetics and was frankly altered in
T2DM patients suggesting the onset of liver damage as
previously reported in young and obese Mexican subjects
with nonalcoholic steatohepatitis and abnormal liver
stiffness.>® In conjunction, these metabolic alterations in
the context of obesity are alarming considering the sub-
jects’ age and re-enforce the need of national prevention
programs to diminish the up rise of mortality in Mexico
due to the triad of T2DM, cardiovascular and liver
diseases.>!

On the other hand, the effect of ApoE alleles on the
serum lipid concentrations has been extensively investi-
gated. However, different results are reported due to eth-
nicity, dietary patterns, co-morbidities, or the mean age of
the study population.®*** In this study, the e4 allele was
related to high levels of TC and HCHOL in normal weight
and obese subjects. These results may be explained by the
putative high affinity of the e4 isoform to LDL-R, increas-
ing the levels of TC and the incidence of CVD.** On the
other hand, the e2 allele was associated with higher levels
of HDL-c in normal weight subjects, which is in alignment
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Table 4 Association Analysis of ApoE E2 Allele with T2DM

T2DM Non-Diabetics 7 P-value Adjusted OR* P-value
(n=168) (n= 449) 95% ClI
Genotypes
e2le2 1 (0.6) - - - - -
e2le3 27 (16.1) 24 (5.4) 18.55 1.6x10°° 2.36 (1.28-4.34) 0.006
e2le4 2(1.2) 5(1.1) 0.006 0.93 1.00 (0.20-5.67) 0.91
e3/e3 118 (70.2) 340 (75.7) 1.92 0.16 0.95 (0.62—1.46) 0.82
e3/e4 20 (11.9) 77 (17.1) 2.53 0.11 0.61 (0.35-1.04) 0.74
e4/e4 - 3(0.7) - - -
Alleles™*
e2 31 (9.2) 30 (3.3) 18.02 2.4x10°° 2.1 (1.20-3.79) 0.009
e3 283 (84.2) 780 (86.9) 1.42 0.23 0.80 (0.54-1.21) 0.30
e4 22 (6.6) 88 (9.8) 3.18 0.07 1.04 (0.34-0.99) 0.19

Notes: Data are expressed as n (%). *OR (95% Cl) adjusted for age, gender, and BMI. **The adjusted OR was calculated comparing the frequency of the grouped alleles.

Values in bold are statistically significant.

Abbreviations: ApoE, apolipoprotein E; OR, odds ratio; Cl, confidence interval; T2DM, type 2 diabetes mellitus; BMI, body mass index.

with the diminishing effect of the e2 isoform on the
removal of plasmatic HDL-c.*>> Also, in the overweight
subjects, the e2 allele was related to older age in compar-
ison to e3 and e4 carriers. Considering the European
ancestry of the West Mexico population,'® this result is
consistent with the increased life expectancy observed
among Europeans carriers of e2e3 genotype.*

As mentioned before, the -cell dysfunction is a central
feature of T2DM caused by a progressively defective
insulin secretion that is indirectly quantified by the
HOMA-IR method.”' In this study, e2 allele carriers had
an abnormal HOMA-IR index and a higher risk of T2DM
compared to the non-e2 allele carriers. We hypothesize
that the reduced affinity of e2 isoform to the LDL-R led
to impaired plasma clearance of the e2 triglyceride-rich
lipoprotein. Although no significant differences were
observed in the level of TG between e2 and non-e2 alleles,
the e2 allele was the unique allele among diabetic patients
with the highest levels of TG. Alongside, HOMA-IR
values were also altered in both normal weight and over-
weight subjects who were non-diabetic e2 allele carriers;
however, HOMA-IR values were normalized in those who
were obese. Notably, this subgroup of patients considered
metabolically healthy has been reported previously® sug-
gesting that other genes may exert protective effects in
these subjects. Nonetheless, in this study, most T2DM
patients were obese, a factor that can potentiate the devel-
opment of IR by increasing the delivery of fatty acids to
the liver and muscle exceeding the storage and oxidative

capacities of these tissues®’ and by activating enzymes that
negatively regulate insulin action.*®

A well-known environmental factor known to interact
with genetics is dietary habits. In this study, the high
prevalence of dyslipidemias, even among the normal
weight patients, may be related to the shift in dietary
patterns that have occurred over the last three decades.
Currently, the Mexican population consumes less of
a regional Mesoamerican-based dietary regimen and over-
consumes a high-calorie, unbalanced, hepatopathogenic
diet.>**° The metabolic alterations found in this study
are in alignment with experiments carried out in mice
fed with a Western-type, high-fat, and high-cholesterol
diet. APOE2 mice had elevated fasting insulin levels and
displayed prolonged postprandial hyperlipidemia, inflam-
mation, and susceptibility to diet-induced obesity com-
pared with APOE3 mice.*!

Mexico and other Amerindian-derived countries of
Latin America are considered as populations with inherent
susceptibility for HTG.** Also, it has been documented
that Hispanic descendants are among the populations with
a high incidence of T2DM worldwide.** Besides the asso-
ciation of the e2 allele found in this study and also
reported by others, e2 allele has also been associated
with an increased incidence of nephropathy in T2DM
patients,** and early onset of alcoholic cirrhosis.*’
Therefore, diabetic patients from West Mexico may pre-
sent long-term T2DM-related complications if no preven-
tive actions are taken. Furthermore, the detection of the
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ApoE e2 allele in conjunction with other variants may be
a useful tool for identifying high-risk groups for T2DM in
the Mexican population. Some genetics variants showing
a strong association with HTG and carbohydrate intake are
15662799 APOAS,*®  AlaS4Thr FABP2,"”*® 155072
APOAI*® and Val194Val TASIR2* that may influence
the natural history of T2DM.”° These antecedents high-
light the relevance of determining the association of
genetic variants with diseases based on the population’s
genetic and environmental background and avoid extrapo-
lating genomic data from non-related populations.

In perspective, the establishment of personalized-
medicine strategies to diagnose and treat dyslipidemia in
the early stages of progression, as well as planning pre-
vention programs for diabetes, cardiovascular, and liver
diseases is urgently needed.’’>* Regional clinical practice
guidelines to treat these inter-related chronic diseases
require considering the genetic, dietary, and cultural deter-
minants that have a significant impact on clinical
outcomes.”® Therefore, comparative research on the
impact of unhealthy dietary changes on the development
of dyslipidemia and T2DM in populations with differences
in the distribution of ApoF alleles is warranted.

Conclusion

The ApoE e2 allele was associated with a higher preva-
lence of IR and risk for T2DM in an admixed population
from West Mexico.
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