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Purpose: To analyze clinically relevant interactions between the apolipoprotein E (APOE)
€2, €3 and &4 alleles and nutritional factors on glycemic control and lipid levels in a cohort of
type 2 diabetes (T2D) patients from western Mexico.

Patients and Methods: In this cross-sectional study of the cohort of T2D patients, a total
of 224 individuals were selected for interaction studies. Clinical and anthropometric data
were obtained from pre-designed medical records. Dietary intake was assessed by validated
three-day food consumption records. Biochemical measurements were determined by auto-
mated methods. APOE genotyping was performed by a real-time allelic discrimination assay.
Gene—diet interactions were tested by corrected multiple linear regression analyses, which
were adjusted by potential confounding factors such as age, sex, energy intake, BMI and
anti-hyperglycemic therapy (Metformin, Glibenclamide or Insulin), and years with T2D.
Results: Seventy-six percent of patients with T2D were on Metformin therapy. The fre-
quencies of the APOE alleles were €2 (5.8%), €3 (74.1%) and &4 (20.1%). After statistical
settings, significant APOE alleles-by-diet interactions in relation to the metabolic profile
were found. Interestingly, higher blood levels of total cholesterol (p int. = 0.016), non-HDL-c
(p int. = 0.024), and LDL-c (p int. = 0.030) were found only in carriers of the APOE ¢2 allele
with a low consumption of MUFA. In contrast, carriers of the APOE &4 allele with a high o-
6:0-3 PUFA ratio in the diet had higher %HbA1c blood concentrations (p int. = 0.035).
Conclusion: This study suggests a differential metabolic impact of APOE alleles on lipid/
glycemic phenotypes depending on the dietary intake, with important potential implications
in the personalized medicine and nutritional management of patients with type 2 diabetes
mellitus.

Keywords: type 2 diabetes, APOE alleles, glycemic control, m-6:0-3 PUFA ratio,
personalized medicine, gene—nutrient interactions

Introduction

Type 2 diabetes (T2D) has been considered one of the four globally important non-
communicable diseases.! T2D prevalence is increasing significantly in middle-
income countries, such as Mexico, which is in sixth place worldwide with a T2D

prevalence of 10.3%.> T2D control and accompanying complications are
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a challenge for health systems around the world to stop the
increase in mortality from this disease.’

The interaction of genetic, environmental and behavioral
factors can explain the development of T2D and associated
manifestations.” Among environmental agents, dietary intake
has been extensively explored to establish treatment strate-
gies for the personalized control of metabolic disorders
(hyperglycemia and hyperlipidemia) that characterizes
patients with T2D.* In Mexico, in recent decades, the intake
of processed foods with a high glycemic index (sugary
drinks) and saturated fats has considerably increased in the
general population and particularly in patients with T2D,
which impacts the development of the disease, as well as in
the metabolic control of these patients.”°

Nutrition is considered a cornerstone for glycemic and
lipid control,* which is a therapeutic goal of paramount
importance to avoid relevant complications of T2D, such as
cardiovascular disease (CVD) since it is a cause of the high
prevalence of mortality in these patients.” However, these
strategies have not been completely effective despite the
efforts made. The influence of nutritional factors on glycemic
and lipid control in T2D patients is influenced by genetic
factors.® In this context, some studies in populations with and
without T2D have found association of APOE genotypes
with serum levels of fatty acids, omega-6 (w-6), omega-3
(@-3), total cholesterol (TC), low-density lipoprotein choles-
terol (LDL-c) and triglycerides (TG), but the results have not
been replicated in other studies.” !

The APOE gene encodes for apolipoprotein E (ApoE),
which is a glycoprotein that participates as a ligand of the
cellular receptors of most lipoproteins in the main tissues
involved in lipid metabolism, being considered a key regu-
lator of plasma lipids.'"> Two functional polymorphisms
1s429358 (Cys112Arg) and rs7412 (Argl158Cys) have been
fully described in the APOE gene, leading to three alleles (¢2,
€3 and €4), translating the respective isoforms, ApoE2,
ApoE3 and ApoE4, that have been associated with lipid
levels on several populations.'®> ApoE3 is commonly consid-
ered as the ancestral isoform with a normal affinity for
cellular receptors, whereas ApoE2 and ApoE4 have opposite
receptor binding capabilities. The ApoE4 isoform is asso-
ciated with elevated TC levels due to its high receptor affinity
and the rapid saturation of intracellular cholesterol that sup-
presses the expression of cellular receptors. Conversely, the
ApoE2 isoform reduces binding to the cellular receptor,
significantly decreasing intracellular lipid uptake.'*

Based on the role of ApoE isoforms in lipid metabo-
lism and the effect of lipids on insulin action, it is worth

considering putative interactions with dietary intake,
serum lipid levels and glycemic control markers in T2D
patients. Therefore, changes in therapeutic strategies with
a personalized medicine approach could have a positive
impact on the clinical management of these patients. The
aim of this study was the screening of clinically relevant
interactions between the APOE €2, €3 and €4 alleles and
nutritional factors on glycemic control and lipid levels in
a cohort of T2D patients from western Mexico.

Patients and Methods

Patients and Study Design

This cross-sectional study, which involved a total 0of 432 T2D
patients from western Mexico, who were enrolled to build
this cohort as described in supplementary text S1 (Figure S1).

Diagnosis of T2D was according to the American Diabetes
Association (ADA) criteria: fasting plasma glucose level of
126 mg/dL (7.0 mmol/L) or higher, a 2-h plasma glucose
level of 200 mg/dL (11.1 mmol/L) or higher during a 75-g
oral glucose tolerance test, or a random plasma glucose of
200 mg/dL."® Relevant exclusion criteria were the presence
of major surgeries, cancer, kidney, autoimmune and thyroid
diseases, drug use in the last 6 months of recruitment, and
pregnant women. At the time of recruitment, patients with
T2D had no clinically evident complications. Many of the
patients in this cohort attend T2D care and follow-up pro-
gram where they receive drug treatment and nutritional
counseling, which was taken into account in the analyses.
Of the total cohort, 224 T2D patients were selected, accord-
ing to the clinical, biochemical and genetic information
available, to carry out gene-nutrient association and interac-
tion studies (Figure S1). This study was performed between
April and December 2019 and was conducted in accordance
with the updated version of Helsinki Declaration-Ethical
Principles for Medical Research Involving Human Subject
on the “64th WMA General Assembly from, Fortaleza,
Brazil, 2013”."® Written informed consent was obtained
from all participants in the study.

The project was approved by the Local Research and
in Health Research 1801,
Medicine Unit No.24 “Ignacio Garcia Téllez”. Mexican
Social Security Institute. COFEPRIS registration number 17
CI 18017 144.

Ethics Committee Family

Anthropometric Measurements
Anthropometric measurements, demographics and clinical
data were collected by medical personnel following
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standardized methods.!” Body mass index (BMI-kg/m?) was
determined by body electrical bioimpedance (Tanita SC-
331S, body composition analyzer, Tanita Corporation,
Japan). Normal weight (18.5-24.9 kg/m?), overweight
(25.0-29.9 kg/m?) and obesity (>30 kg/m?) were defined
according to World Health Organization (WHO) criteria.'®
Waist circumference (WC) was measured at the midpoint
between the top of the iliac crest and the lower rib using
a stretch-resistant tape, as described elsewhere.'”

Dietary Assessment

Habitual dietary intake was assessed by trained nutrition-
ists using validated 3-day food records to self-register the
amount and mode of preparation of all foods consumed
during two weekdays and one weekend day, as detailed
elsewhere.'® Food scales were used to show examples of
real food portion sizes. Dietary data were coded in the
Nutritionist Pro™ Diet Analysis software (Axxya
Systems, Stafford, TX, USA) to obtain the averaged
intakes of nutrients. Newer or specific regional Mexican
dishes were calculated from validated Mexican food com-
position tables.?’ Dietary reference values were based on
the general recommendations for the Mexican population
reported by the Official Mexican Norms NOM-037-SSA2
-2012 and NOM-015-SSA2-2010 of the Health Secretary,
as previously reported.”'

Blood Tests

Blood samples (10 mL) were drawn after a 12-h fast and
centrifuged for serum processing. Biochemical blood deter-
minations of glucose, TC, TG, high-density lipoprotein
cholesterol (HDL-c), alanine aminotransferase (ALT), and
aspartate aminotransferase (AST) were performed on the
Cobas 6000 analyzer (Roche Diagnostics International Ltd,
Risch-Rotkreuz, Switzerland) using commercial kits pro-
vided by the company. The turbidimetric immunoassay
inhibition method was used to measure the glycated hemo-
globin (HbAlc). Concentrations of LDL-c were calculated
according to the Friedewald formula,”® except when TG
levels were higher than 400 mg/dL. The non-high-density
lipoprotein cholesterol (non-HDL-c) was estimated as TC -
HDL-c. The triglycerides-glucose index (TyG index) was
calculated as a marker of insulin resistance, as described
elsewhere.”

APOE Genotyping

The APOE genotypes were determined using 5" allelic dis-
crimination method.* The reactions were performed using

two TagMan®™ SNP Genotyping Assays (Applied
Biosystems, Foster, CA, USA): rs429358 (C/T) and rs7412
(C/T). Genotypes were performed by PCR Real Time in
a LightCycler thermocycler instrument® 96 (Roche
Diagnostics, Mannheim, Germany). The characteristics of
context sequence of each of these probes correspond to the
catalog number C__ 904973 10 for rs7412 and
C__ 3084973 20 for rs429358 (ThermoFisher Scientific).
The accuracy of the APOE genotyping was verified using
positive and negative controls. As a quality control measure,
20% of the samples were replicated obtaining 100% repro-
ducibility. Genetic analyses including the Hardy—Weinberg
equilibrium (HWE) test and the Analysis of Molecular
Variance (AMOVA) test were performed using the Convert
1.31 and the Arlequin 3.0 software.

Statistical Analyses

Parametric statistical tests were used after the assessment
of the normality of the main study biochemical and nutri-
by the
Continuous variables were expressed as means + standard

tional variables Kolmogorov—Smirnov test.
deviations (S.D.), and categorical variables were reported
as frequencies and percentages. For comparison purposes,
the APOE genotypes were grouped according to the fol-
lowing alleles: APOE &2 (e2€2, €23, and €2¢4); APOE €3
(e3€3); and APOE €4 (e3¢4 plus eded). Statistical differ-
ences in continuous and categorical variables between the
APOE alleles were evaluated by one-way ANOVA tests
(with the respective post-hoc analyses) and chi-square
tests, respectively. Multiple linear regression tests were
used to the screening for relevant gene—diet interactions,
with age, sex, BMI, energy intake, drinking, smoking,
anti-hyperglycemic therapies (Metformin, Glibenclamide
or Insulin) and years with T2D as covariates. All the
with
Bonferroni method. Statistical analyses were performed

tests significant p-value were corrected by
in the statistical program Stata 12 (StataCorp LLC,
College Station, TX, USA; www.stata.com) and IBM
SPSS Statistics version 21.0 for Windows (IBM Corp,
Inc., Chicago, IL, United States). Statistical significance

was set at p < 0.05 to two-tailed.

Results

The clinical, biochemical, pharmacological and APOE
genotypes characteristics of T2D study cohort are reported
in supplementary information (Tables S1, S2 and S3). The
frequencies of the APOE genotypes in the T2D patients
included in the association and interaction analyzes (n =

Pharmacogenomics and Personalized Medicine 2020:13

submit your manuscript

657

Dove


http://www.stata.com
https://www.dovepress.com/get_supplementary_file.php?f=277952.docx
http://www.dovepress.com
http://www.dovepress.com

Torres-Valadez et al

Dove

224) were €22 (0.4%), €2¢e3 (4.0%), €2e4 (1.3%), €3€3
(74.2%), €3e4  (183%), ede4 (1.8%), whose
distributions across the population were concordant with
the HWE (p = 0.560). The frequencies of the APOE alleles
were €2 (5.8%), €3 (74.1%) and €4 (20.1%). The AMOVA
analyses also revealed a genetic homogeneity regarding
this genetic variant (p = 0.631).

The characteristics of the T2D patients selected by
association and interaction analyzes, concerning demo-
graphic, anthropometric, and clinical variables by APOE
alleles are reported (Table 1). Approximately 82% of T2D
patients had overweight or obesity according to BMI cate-
gories. Means of age, general and central adiposity mar-
kers as well as the time of disease evolution were not
statistically different between APOE alleles. Similar pro-
portions of men and women were also found between
allelic groups (Table 1).

The daily dietary intakes of total caloric consumption
and macronutrients by APOE alleles are shown (Table 2).
Regardless of the APOE genetic profile, all patients con-
sumed higher amounts of protein, total fat, saturated fatty
acids (SFA), dietary cholesterol as well as a higher ®-6:0-
3 PUFA ratio regarding the recommendations for the gen-
eral population (Table 2). Conversely, deficient intakes of
fiber, polyunsaturated fatty acids (PUFA) and most anti-
oxidants (vitamin C, zinc, and magnesium) were found
(Table 2). Carriers of the APOE €3 allele had a higher
calorie consumption than &4 allele carriers (p = 0.015). On
the contrary, no differences in the averaged intakes of
carbohydrates, protein, total and type of fats (SFA, mono-
unsaturated fatty acids [MUFA] and PUFA, including the

®-6:0-3 PUFA ratio), cholesterol and fiber by APOE
alleles were detected.

The metabolic features of the T2D patients as categor-
ized by APOE alleles are reported (Table 3). Regarding the
established general recommendations, increased blood
lipids (non-HDL-c, LDL-c, and TG) were found in all
patients, except in APOE €2 allele carriers. As expected,
glucose concentration, %HbAlc and TyG index were
above the reference cutoffs (Table 3). Moreover, glucose
concentration and %HbA 1c were higher in APOE €3 allele
carriers than the other allelic subgroups. There were no
direct relationships between APOE alleles and the lipid
and hepatic profile, except a statistical tendency for lower
serum levels of LDL-c among APOE €2 allele carriers
(Table 3).

Relevant APOE alleles-by-diet interactions in relation
to the metabolic phenotypes of the T2D patients are
plotted (Figure 1). Of note, higher serum concentrations
of TC (P int. = 0.016), non-HDL-c (P int. = 0.024), and
LDL-c (P int. = 0.030) were found only in APOE &2 allele
carriers with a concomitant low consumption of MUFA.
Instead, carriers of the APOE €4 allele with a combined
high dietary ©-6:0-3 PUFA ratio underwent a worse gly-
cemic control as measured by %HbAlc (P int. = 0.035),
which was not observed for the other genetic groups
(Figure 1). No relevant gene—diet interactions regarding
body composition and other metabolic parameters were
found.

Discussion
The interplay between lipids and carbohydrates can mod-
ulate the glycemic control in T2D patients.? In this study,

Table | Characteristics of the T2D Patients According to APOE Alleles

Variables €2 n=13 €3 n=166 &4 n=45 p value
Age (years) 54.8+9.9 58.0£11.2 57.0£13.4 0.575
Sex (F/M) 8/5 I111/55 29/16 0.896
Years with T2D 9.9+8.9 85+7.7 8.0+9.4 0.775
BMI (kg/m?) 29.9+6.7 29.9+5.5 29.1+£5.6 0.680
Waist (cm) 97.3%11.4 100.5+11.2 98.9+14.8 0.547
Total body fat (%) 33.148.3 34.147.8 34.1+8.0 0.921
Normal weight, n (%) 3(23.0) 25 (15.1) 13 (28.9) 0.224
Overweight, n (%) 5 (38.5) 62 (37.3) 14 (31.1)

Obesity, n (%) 5(385) 79 (47.6) 18 (40.0)

SBP (mmHg) 113x15.5 119£13.7 118£9.5 0.267
DBP (mmHg) 74%9.0 75%7.0 74+7.2 0.887

Notes: Values are presented as means * standard deviations. The one-way ANOVA test for continuous variables and Chi-square for categorical variable were the statistical

methods.

Abbreviations: F, female; M, males; T2D, type 2 diabetes; BMI, body mass index; SBP, systolic blood pressure; DBP, diastolic blood pressure.
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Table 2 Nutrient Intakes According to APOE Alleles

Nutrient Reference Values €2 €3 ¢4 p value
Total energy (Kcal/d) - 1575+455 1553+425 1375+345 0.037°
Total carbohydrates (%/d) 50-60 47.6£13.2 50.0+9.3 51.5+10.2 0.400
Total protein (%/d) 15 17.7£3.2 17.6£3.0 18.3+4.2 0415
Total fat (%/d) <30 34.385 30.746.1 31.4£10.7 0.235
SFA (%/d) <7 9.4+2.9 8.6+2.5 8.4+2.9 0.480
MUFA (%/d) 1015 11.8+£3.7 10.1£2.5 10.5+£5.4 0.162
PUFA (%/d) 10 82+2.6 7.6+2.3 8.1+3.8 0.479
6 (g/d) - 8.3+3.0 8.1+3.4 8.0+4.1 0.953
®3 (g/d) - 0.8+0.3 0.8+0.9 0.7+0.3 0.569
w6:03 ratio/d 5 12:1 12:1 13:1 0.422
Cholesterol (mg/d) <200 329+137 265149 267177 0.350
Fiber (g/d) >30 20.1+7.0 19.5+6.7 18.1£8.2 0.456
Vitamin C (mg/d) 60 109.6+94.1 76.7+82.5 66.5+71.0 0.243
Vitamin E (1U/d) 10 39432 3.8+3.7 29422 0.283
Zn (mg/d) 15 8.8+3.1 8.9+4.2 7.8+3.0 0.303
Mg (mg/d) 350 298.3+65.7 283.2+82.6 266.4+103.8 0.393
Se (ug/d) 55-70 68.2+29.3 71.0+28.3 65.5+27.4 0.507

Notes: Values are presented as means + standard deviations. *By post hoc tests: Total energy: €3 vs €4, p = 0.015. The one-way ANOVA test for continuous variables was

the statistical method.

Abbreviations: SFA, saturated fatty acids; MUFA, monounsaturated fatty acids; PUFA, polyunsaturated fatty acids; ©6, omega-6; ®3, omega-3; Zn, zinc; Mg, magnesium; Se,

selenium.

Table 3 Biochemical Profile According to APOE Alleles

Biochemical Variables Reference Values €2 €3 &4 p value
Total cholesterol (mg/dL) <200 162.6+35.8 183.7+41.6 183.1£31.6 0.180
HDL-c (mg/dL) >50 47.5+11.9 48.9+14.3 45.6x14.1 0.375
Non-HDL-c (mg/dL) <130 115.2+33.8 134.9£39.6 137.2426.9 0.153
LDL-c (mg/dL) <100 85.4+25.1 102.4+32.7 109.5+26.8 0.050
Triglycerides (mg/dL) <150 148.4+£62.0 163.7£90.3 154.4£74.5 0.702
Glucose (mg/dL) <110 119.9+£25.5 161.5£71.8 13424459 0.008°
TyG index <83 8.6+0.8 8.9+0.7 8.9+0.6 0.466
HbAlc (%) <6.5 6.620.6 7.8+2.0 7217 0.030°
ALT (IU/L) <30 40.8+18.0 38.9+19.3 34.7%127 0.434
AST (IU/L) <30 28.5+13.1 32.7x15.1 27.0+8.6 0.085

Notes: Values are presented as means + standard deviations. *By post hoc tests: Glucose: €3 vs €2, p <0.001; €3 vs g4, p=0.007. HbAlc: €3 vs €2, p <0.001. The one-way

ANOVA test for continuous variables was the statistical method.

Abbreviations: HDL-c, high-density lipoprotein cholesterol; Non-HDL-c, non-high-density lipoprotein cholesterol; LDL-c, low-density lipoprotein cholesterol; TyG index,
triglycerides-glucose index; HbA ¢, glycated hemoglobin; ALT, alanine aminotransferase; AST, aspartate aminotransferase.

the frequencies found on APOE alleles €2 (5.8%), €3
(74.1%), €4 (20.1%) in T2D patients are similar to those
reported for the general Mexican population.”® Globally,
APOE €3 allele is the most common with a range of 35%
to 97%.2"* The range of APOE &4 allele worldwide is 5%
to 40%, where the highest frequencies are found in indi-
genous populations such as Pygmies, Tutsi (Central
Africa), Hui, Mowanjum (Oceania), and Huicholes
“Wirrarikas” in Nayarit, Mexico (North America). The
frequency of the APOE €2 allele has been reported with

a global range of 0% to 15%, with the highest frequencies
in sub-Saharans (Africa), Malaysian (Asia) and Papuans
populations (Oceania).?”° Several genetic studies have
reported that the mestizo population from Mexico has
a genetic component of three main ancestral lineages that
are African, European and Amerindian.?®*° These data
may explain the frequencies and the HWE found of
APOE alleles in this cohort of T2D patients from western
Mexico, where there is important European (Spanish) and

Amerindian genetic influences.’’
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Figure | Impact of APOE alleles-by-diet interactions on lipid and glycemic phenotypes. (A) APOE-MUFA intake interaction regarding Total cholesterol. (B) APOE-MUFA
intake interaction in relation to Non-HDL-c. (C) APOE-MUFA intake interaction concerning LDL-c. (D) APOE w6:w3 ratio interaction regarding HbAlc. Interactions were
adjusted by age, sex, BMI, energy intake, drinking, smoking, anti-hyperglycemic therapies (Metformin, Glibenclamide or Insulin) and years with T2D as covariates. MUFA:

monounsaturated fatty acids.

Dietary habits are one of the relevant factors involved,
not only in the rapidly rising incidence of T2D among devel-
oping countries but also in the developing microvascular and
macrovascular complications mainly CVD.*? In this study,
a high consumption of fat and cholesterol as well as deficient
intakes of fiber, antioxidants and essential PUFA were found
regardless of the APOE alleles. Epidemiological studies have
shown that this Westernized dietary pattern may contribute to
the progression of T2D, with a negative impact on glycemic
and lipid control.>*>*

In this research, APOE alleles-by-diet interactions
influencing lipid and glycemic phenotypes in T2D were
found. These findings have an important clinical implica-
tion in the integral management of T2D patients by target-
ing specific dietary changes that contribute to improving
glycemic and lipid control. Interestingly, a worse blood
lipid profile, TC, Non-HDL-c and LDL-c, was found in
carriers of the APOE &2 allele consuming low amounts of
MUFA. The ApoE2 isoform is widely known to decrease
the hepatic clearance of very-low-density lipoprotein cho-
lesterol (VLDL-c) due to low-affinity for the receptor.’
By combining this slow clearance with a low consumption
of MUFA of the T2D patient, it favors a greater blood

availability of cholesterol, significantly increasing serum
concentrations of LDL-c oxidized and the risk of present-
ing global cardiometabolic disease (GCMD).*° Instead,
carriers of the APOE €4 allele showing a high dietary o-
6:0-3 PUFA ratio had higher %HbA 1c. This higher ©-6:®-
3 PUFA ratio could contribute to the understanding of the
insulin resistance syndrome in carriers of APOE €4 allele
described in other studies,'* which explain the high of %
HbAlc observed in the patients of this study. These find-
ings highlight the effects of diet on the metabolism of T2D
patients, where the APOE alleles €2 and €4 principally,
played a differential role depending on the nutritional
context and the effect of the affinity of cell receptors
involved in lipoprotein metabolism such as LDLR on
carriers of the €2 allele decreased respect of the €4 allele
carriers increased. This could explain to some extent the
blood levels of TC, Non-HDL-¢c and LDL-c that show
these patients with T2D studied.

Consistent with our results, gene—diet interactions
(including APOE gene) were found to be potentially attribu-
table to quantile-specific heritability of TG concentrations in
a cohort from The Framingham Study.’” Also, a differential
responsiveness of fasting TG to MUFA intake was found,
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with an increase and decrease in TG concentrations in APOE
€3 and APOE &4 carriers, respectively.”® However, no statis-
tically significant interactions were observed between APOE
alleles and SFA intake concerning TC and LDL-c levels in
a Lithuanian adult population.’® Additionally, no relevant
interactions between APOE SNPs/haplotypes and dietary
factors with plasma lipids were found after correction for
multiple testing in two different cohorts.*® Factors such as
ethnic differences between populations, study design, mode
of inheritance and food culture could help to explain this
variability. The alleles €2, €3 and €4 of the APOE gene are
relatively frequent in several regions. For this reason, identi-
fying its interactions with one of the main environmental risk
factors, such as diet, and in one of the pathologies with the
highest prevalence in the world, allows us to have a closer
approach towards personalized medicine in T2D.

For almost three decades, achieving an adequate meta-
bolic balance in T2D patients represented by optimal %
HbA 1c and serum lipid levels has become a real challenge
in the clinical management of this disease.*' It is estimated
that in developing countries, such as Mexico, less than
20% of T2D patients maintain adequate glycemic control,
and more than 50% have some type of dyslipidemia char-
acterized mainly by small and dense LDL-c.** These data
reinforce international estimates that more than 80% of
T2D patients will die of CVD, and these patients have 3 or
4 times more risk of suffering GCMD.* Therefore, the
genetic component as an important determinant in the
integral management of T2D and as a risk factor for
CVD and GCMD in these patients is undeniable. Our
results indicate interactions between the APOE alleles
and the dietary fatty acids with worse lipidic and glycemic
control in this type of patient. In this order of ideas, the
implementation of personalized diets based on the genome
could considerably reduce the presence of comorbidities
that are killing T2D patients.***

The strengths of this study include the identification of
relevant interactions between 4APOE genetic variants and
diet in the lipidic/glycemic phenotypes of the T2D patients
through robust statistical analyses using potential confoun-
ders as covariates such as anti-hyperglycemic therapy,
BMI, energy intake, sex, age, drinking and smoking prin-
cipally. Furthermore, AMOVA analysis did not reveal
a significant influence of genetic ancestry on our results.
Therefore, although the main interactions were observed in
carriers of the APOE 2 allele which is the lower frequency,

it does not minimize direct implication in the behavior of

this disease, since the lipid factor is not constantly con-
sidered in glycemic control in the T2D patient.

On the other hand, the cross-sectional design of this
study limits the extrapolation of the results obtained.
Moreover, although interaction studies are very reliable
in small sample sizes, type I and type II statistical errors
cannot be completely ruled out. Therefore, it is necessary
to complement this study in the future with longitudinal
prospective investigations that consider a greater number
of patients, the role of other genetic variants and lifestyle
factors (physical activity, sleep patterns, behavior) that at
this time it was not possible to carry out. Finally, although
three-day food records provide sufficient and detailed
information on dietary intake and are a well-validated
instrument, the bias present in self-report assessments of
food consumption should be taken into account.*®

Conclusion

The present study suggests a differential effect of APOE
alleles on lipid/glycemic phenotypes depending on dietary
intake in T2D patients. This information could have
important implications in the personalized medicine and
nutritional management of patients with type 2 diabetes
within the new era of precision medicine.
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