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Overweight/obesity,  dyslipidemias,  hypertension  and  hyperglycemia  are strongly  related  to  non-
communicable  diseases  (NCD)  in which  genetic  and environmental  factors  interact  with  each  other.  The
Mexican  population  exhibit  a genetic  disposition  to  metabolic  syndrome,  type  2 diabetes,  as  well  as  many
forms  of dyslipidemia.  This study  aimed  to determine  the association  between  biochemical,  genetic  and
environmental  factors  in the  development  of  metabolic  syndrome  (MS),  obesity  and  insulin  resistance
(IR)  in  Mexican  young  adults.  Young  women  and men  (n = 6750 between  19.3  ±  2.3  years  old)  partici-
pated  in  a health  promotion  program  from  the Autonomous  University  of  Querétaro,  México  (SU-Salud
program).  A  sub-sample  of 665  participants  was  taken  for  the  determination  of  single  nucleotide  poly-
morphisms  (SNP)  rs964184  (APOAV),  rs9282541  (ABCA1)  and  rs1260326  (GCKR),  using  QuantStudio  12  K
Flex Real-Time  PCR  System.  For  the multivariate  analysis,  a multiple  logistic  regression  was  performed.  A
prevalence  of  22%  of overweight  and  7% of  obesity  was  determined.  The  main  metabolic  risk  factors  were
low  levels  of  HDL-C  (30%),  IR (19%),  and  a high  level  of triglycerides  (15%).  The  main  factors  associated
with  IR were  body  fat percentage  and triglycerides;  SNP  for  the  ABCA1  gene  was  related  to  MS,  obesity

and  low  HDL-C;  SNP  for GCKR  gene  was  related  to  high  fasting  glycemia,  while  APOAV  SNP  was  related
with  MS,  hypertriglyceridemia  and  low  HDL-C.  Our  findings  show  that  the  Mexican  genetic  predisposi-
tion  to  NCD  affects  young  adults,  who  can  suffer  MS,  obesity  and  IR.  Public  health  strategies  must  focus
on  prevention  actions  from  an  early  age.

©  2019  Asia  Oceania  Association  for the  Study  of  Obesity.  Published  by Elsevier  Ltd.  All  rights
reserved.
ntroduction

According to the World HealthOrganization (WHO), high blood
ressure (HBP), overweight/obesity, dyslipidemias and hyper-
lycemia are metabolic alterations related to non-communicable
iseases (NCD) [1], which are the leading cause of premature death

n the world. More than 36 million people die each year from NCD;
f these, nine million are premature deaths since they occur in peo-

le under 60 and are the cause of 58% of the years lost because
f premature death in Mexico [2]. The evolution of NCD is largely
ue to genetic factors [3], environmental factors, such as the con-
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sumption of tobacco and/or alcohol, physical inactivity, and an
inadequate diet. Such risk factors provoke metabolic alterations,
including metabolic syndrome (MS), insulin resistance (IR) obesity,
lipotoxicity and dyslipidemias [4]. IR is defined as the decrease in
the ability of insulin to exert its biological actions on target tis-
sues such as skeletal muscle, liver or adipose tissue [5]. Chronic IR
is an etiological factor of various metabolic diseases such as type
2 diabetes mellitus (DM2) [6]. Since 2007, with the Genome-wide
association study (GWAS), importance has been given to the iden-
tification of common genetic variants that contribute to the risk of
complex diseases in different populations [7]. It is known that about
50% of the variability of obesity and IR is genetically determined [8].

It has been shown that the Mexican population has a genetic pre-
disposition to metabolic syndrome, DM2, as well as dyslipidemias.
To date, 95 loci associated with plasma lipid concentrations have
been identified, 24 of which are involved with triglyceride con-

er Ltd. All rights reserved.
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entrations and 38 with HDL concentrations [9]. The risk genotype
s associated with a low response to treatment and with a high
isk of type 2 diabetes mellitus, hyperlipidemias and cardiovascular
omplications.

Youth is characterized as a favorable period in terms of the
ealth status of the population, so it has been little studied. How-
ver, this sector of the population is at risk, as neither age nor
henotype guarantee the absence of subclinical metabolic alter-
tions that may  trigger NCD. Given that NCD occur as a result
f a long process of evolution, it is essential to study subclin-
cal and early clinical risk factors in the young population in
rder to identify the main alterations that promote NCD decades
ater. Therefore, the present work aimed to determine the associa-
ion between biochemical, genetic and environmental factors with
verweight/obesity, MS  and IR susceptibility in Mexican young
dults.

aterials and methods

articipants

In this study, 6750 participants (aged between 17 and 23 years)
rom the Autonomous University of Querétaro (México), who  were
articipating in the health promotion program SU-Salud from 2012
o 2017 were included. Since blood samples for DNA isolation were
vailable only for 665 of the participants enrolled in the program
n 2017, this sub-sample was used for the genetic variant analysis.
his study was approved by the Bioethics Committee of the Natural
ciences Faculty of the Autonomous University of Querétaro under
he guidelines of the Declaration of Helsinki [10]. All participants
igned an informed consent form before starting.

linical history and questionnaires

Clinical history was obtained by an interview to collect gen-
ral, personal and family data. Blood pressure and vital signs
ere obtained by a physician. Physical activity was  assessed using

he International Physical Activity Questionnaire (IPAQ) [11]. Self-
pplicable questionnaires of lifestyle habits with open and closed
uestions on lifestyle habits were applied to assess environmental
isk factors such as consumption of breakfast, alcohol consump-
ion and smoking. The presence of environmental risk factors was
efined according the following criteria: sedentary when young
eople practiced less than 150 min  of physical activity on a week;
onsumed soda at least once a day; consumed alcohol, drank at
east one alcoholic beverage a week; skipped breakfast or those
hat were not used to having breakfast any day of the week. Food
nsecurity was also assessed by the ELCSA questionnaire [12].

utritional study

Anthropometric measures (height, waist circumference and hip
ircumference) were done in duplicate. Waist circumference was
easured at the midpoint between the iliac crest and the last rib,

nd hip circumference was measured sideways at the maximum
ircumference around the buttocks. Body Mass Index (BMI) was cal-
ulated as body weight (in kg) divided by the square of body height
in m),  waist to hip ratio (WHR) was calculated by dividing waist
ircumference by hip circumference (in cm), and waist to height
ndex (WHI) was calculated by dividing height (in m)  and waist
in cm). Body weight and body composition were assessed through
ioimpedance analysis using a SECA 514 medical body composi-

ion analyzer (mBCA; Seca Deutschland, Hamburg, Germany). The

BCA device has a standing platform with an integrated scale and
 handrail system, with one pair of electrodes for each hand and
oot (eight-electrode). Fat mass (FM) and fat-free mass (FFM) were
 Clinical Practice 13 (2019) 533–540

derived from predictive equations that had been validated against
reference methods [13].

Blood sample

A blood sample was  taken after a fast of 12 ± 2 h by venipuncture
in the arm, using 5-mL serum separation tubes for serum collection
(Vacutainer-Becton-Dickinson) and 4-mL EDTA tubes (Vacutainer-
Becton-Dickinson) for total blood and plasma collection. The blood
sample was  centrifuged at 2500 rpm for 10 min  to obtain serum or
plasma.

Biochemical markers

Glucose, total cholesterol, triglycerides and HDL-C were deter-
mined using the serum via a colorimetric enzymatic technique
using an automated Mindray equipment BS 120. The quantifica-
tion of insulin was  determined from plasma by using an ELISA
80-INSHU-E01.1 kit (ALPCO, Windham, NH, USA). The HOMA
index was  calculated according to the mathematical equation
HOMA-IR = Insulin (�U)/L) x Glucose (mmol/L)/22.5, proposed by
Matthews et al [14]. The cutoff values were used according to the
National High Blood Pressure Education Program Working Group
on High Blood Pressure in Children and Adolescents [15]. Values for
insulin and HOMA index were considered according to those sug-
gested by Murguía-Romero et al. for the young Mexican population
[16].

Classification of metabolic syndrome was according to the
International Diabetes Federation (IDF) [17], defined as three of
the following five factors: triglycerides ≥150 mg/dL, high-density
lipoprotein (HDL) <40 mg/dL for males and <50 mg/dL for females,
glucose ≥110 mg/dL, waist circumference >80 cm for females and
>90 cm for males and hypertension (systolic BP > 129 and diastolic
BP > 85 mmHg).

Genetic assays

DNA was isolated from whole blood (200 �L) using a QIAamp
96 DNA blood kit (QIAGEN, Valencia, CA) according to the manu-
facturer’s protocol and recommendations. The concentration and
260/280 quality ratio for all the isolated DNA samples were deter-
mined using the Nanodrop spectrophotometer (Wilmington, DE)
and stored at −20 ◦C until use. Genomic DNA was  diluted to a final
stock concentration of 25 ng/mL using DNAase-free water. All DNA
samples had a purity of 1.8–2.0. Genotyping was performed using
QuantStudio 12 K Flex Real-Time PCR System by the Red de Apoyo a
la Investigación (RAI) at the Instituto Nacional de Ciencias Médicas
y Nutrición Salvador Zubirán. Custom Open Array Chips (Thermo
Fisher Scientific, Waltham, MA,  USA) were designed with selected
polymorphisms of interest (rs964184 [APOAV], rs9282541 [ABCA1]
and rs1260326 [GCKR]), which have been observed to be related to
plasma lipid levels and cardiovascular risk. The chip was created
based on polymorphism ID from NCBI polymorphism database and
assay ID of the catalog C 8907629 10 for APOAV, C 11720861 10 for
ABCA1 and C 2862880 1 for GCKR. All the genetic variants were
found in Hardy Weinberg equilibrium (p > 0.05), and genotyping
call rates were above 99%, with a re-genotyping concordance rate
>99%.

Statistic analyses

Means ± standard deviations for continuous variables and per-

centages for categorical variables were determined. The normality
of the variables was tested (Kolmogorov–Smirnov test with Lil-
liefors correction). Student’s T-tests were performed for continuous
variables and chi square (X2) for the categorical ones. Logistic
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Table  1
General characteristics of the total sample.

Men  n = 3571 Women  n = 3179 Total n = 6750 p value

Age, y 19.3 ± 1.8 19.1 ± 1.6 19.3 ± 2.3 0.001
Weight, kg 70.9 ± 14.3 58.4 ± 10.6 65.1 ± 14.2 0.001
Height, cm 172.3 ± 6.4 159.5 ± 5.8 166.3 ± 8.9 0.001
BMI,  kg/m2 23.8 ± 4.3 22.9 ± 3.8 23.4 ± 4.2 0.001
Waist, cm 82.1 ± 11.1 74.7 ± 9.2 78.6 ± 11.0 0.001
Hip,  cm 96.7 ± 8.5 95.8 ± 7.9 96.3 ± 8.3 0.001
WHR  0.84 ± 0.05 0.77 ± 0.05 0.81 ± 0.06 0.001
WHI  0.48 ± 0.74 0.46 ± 0.05 0.47 ± 0.52 0.104
Total  body fat, % 20.8 ± 7.6 30.1 ± 6.6 25.2 ± 8.4 0.001
Glucose, mg/dL 85.6 ± 11.7 82.3 ± 11.1 84.2 ± 12.6 0.001
Triglycerides, mg/dL 113.8 ± 67.0 94.2 ± 49.2 105.2 ± 61.2 0.001
Cholesterol, mg/dL 158.5 ± 33.1 158.8 ± 31.0 158.8 ± 31.9 0.641
HDL-C, mg/dL 48.6 ± 11.1 55.1 ± 13.6 51.6 ± 12.8 0.001
LDL-C, mg/dL 87.8 ± 24.0 86.8 ± 22.5 87.3 ± 23.3 0.107
Insulin, �g/mL 8.8 ± 7.7 9.1 ± 7.1 9.0 ± 7.4 0.233
HOMA-IR 1.9 ± 1.7 1.9 ± 1.5 1.9 ± 1.6 0.891

BMI, body mass index; WHR, waist to hip ratio; WHI, waist to height index; HDL-C, high density lipoprotein cholesterol; LDL-C, low density lipoprotein cholesterol; HOMA-IR,
homeostatic model assessment for insulin resistance. Values are shown as the mean ± SD. P value (p ≤ 0.05) of Studentś test for the difference of means between and women.

Fig. 1. Prevalence of biochemical alteration and frequency of environmental risk factors.
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A)  Biochemical factors, TG; triglycerides; Low HDL-C <50 mg/dL in female and <40
nd  11 �U/ml in male. (B) Anthropometric factors, body fat >30% in female and >20

egression was performed for the analysis of categorical traits to
etermine the association of metabolic risk and exposure to the bio-
hemical and genetic factors analyzed. Logistic regression was used
o assess the association of the genotypes (minor allele non-carrier
nd minor allele carrier) with insulin resistance and lipid pheno-
ypic variations in interaction with BMI  >25% body fat, sedentarism
nd sugar intake, adjusted for age and sex. Statistical analyses were
erformed using the SPSS Version 22.1 package (IBM Software
roup A, Chicago, IL, USA).

esults

revalence of risk factors and metabolic alterations
A total of 6750 subjects participated in this study, 53% of which
ere men  and 47% women, with and an average age of 19.3 ± 2.3

ears. The general characteristics of the studied population are
L in male; HOMA-IR >2.9 in female and >2.3 in male; insulin >14 �U/ml in female
ale; waist >80 cm female and >90 cm in male. (C) Lifestyle habits.

shown in Table 1. Significant differences between the anthropo-
metric variables were observed by sex. Based on the BMI, the
general prevalence of overweight (OW) was  22% and 7% for obesity
(OB). Men  showed a higher prevalence for OW and OB (25% and
9%, respectively), than females (19% and 6%, respectively) (Fig. 1).
Moreover, 49.2% showed an elevated proportion of body fat in men
(53% vs 45% in women). The mean values of glucose and triglyceride
concentrations were significantly higher in males than in females
(p ≤ 0.05).

Fig. 1 shows the prevalence of alteration for biochemical and
frequency of environmental risk factors. HDL-C presented lower
average serum concentrations in men  than in women, however,
38% of females presented low HDL-C (<50 mg/dL). The prevalence
of metabolic syndrome was  of 5.45% (5.4% in females and 5.5% in

males). The most prevalent biochemical risk factors found were low
HDL-C (30%), insulin resistance (IR) (19%) and high triglycerides
(HTG) (15.8%). Between the analyzed environmental factors, 7.8%
skip breakfast, 35.9% of the participants reported daily soda con-
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Table  2
Association between BMI  and insulin resistance with biochemical and environmental markers in males and females.

Men  n = 3571 Women  n = 3179

OR (95% IC) p OR (95% IC) p

BMI  > 25 kg/m2

Biochemical markers
HTG 4.9 (4.1–5.8) <0.001 2.60 (2–3.3) <0.001
Low  HDL-C 2 (1.7–2.4) <0.001 2.10 (1.7–2.5) <0.001
High  cholesterol 2.9 (2.3–3.7) <0.001 1.30 (0.98–1.8) 0.24
Glucose 0.596 (0.45–0.78) 0.378 0.80 (0.352–1.23) 0.306

Environmental factors
Alcohol consumption 1.2 (0.854–1.71) 0.284 0.98 (0.702–1.39) 0.945
Smoke 1.1 (0.733–1.3) 0.941 1.01 (0.664–1.56) 0.935
Sedentarism 1.1 (0.839–1.5) 0.377 2.3 (1.497–3.681) <0.001
Mild food insecurity 0.912 (0.697–1.1) 0.501 1.5 (1.2–2.0) <0.001

Insulin resistance
Anthropometric parameters
High body fat 6.8 (2.02–22.8) 0.002 3.86 (1.48–10.07) 0.006
BMI  3.6 (2.7–4.9) <0.001 4.40 (3.2–6.3) <0.001
WHR  4.6 (2.94–7.39) <0.001 1.93 (1.29–2.88) <0.001
WHI  3.5 (2.6–4.7) <0.001 3.60 (2.6–5.1) <0.001
Waist  circumference 4.7 (3.4–6.3) <0.001 3.7 (2.6–5.2) <0.001

Biochemical markers
HTG 2.5 (2.22–4-06) <0.001 2.46 (1.6–3.79) < 0.001
Low  HDL-C 2.05 (1.46–2.88) <0.001 1.78 (1.23–2.57) < 0.001
High  cholesterol 0.475 (0.31–0.71) <0.001 0.391 (0.23–0.66) 0.908
Glucose 4.02 (2.53–6.37) <0.001 2.67 (1.41–4.8) 0.002

Environment factors
Alcohol consumption 1.3 (0.71–2.6) 0.334 1.7(1.08–2.77) 0.021
Sedentary 1.3 (0.172–0.88) 0.172 1.7 (1.1–2.6) 0.001
Smoke 0.786 (0.41–1.5) 0.467 1.4 (0.839–2.3) 0.195
Mild  food insecurity 0.608 (0.33–1.1) 0.105 1.8 (0.08–3.07 0.201

Body fat >30% for women  and >20% for men; BMI  > 25.5 kg/m2 (body mass index); WHR  >0.85 for women and >0.94 for men (waist to hip ratio); WHI  > 0.5 (waist to height
index);  waist circumference >80 cm for women and >90 cm for men. Logistic regression adjusted for age (p ≤ 0.05).

Table 3
General characteristics of the sub sample for genetic analysis.

Men
N = 304

Women
N = 361

Total
N = 665

p Value

Age, y 19.3 ± 2.0 19.2 ± 1.70 19.2 ± 1.9 0.047
Weight, Kg 70.9 ± 13.5 59.7 ± 12.0 64.9 ± 13.9 0.001
Height, cm 171.4 ± 6.8 159.8 ± 6.3 165.2 ± 8.7 0.001
BMI,  kg/m2 24.2 ± 4.2 23.3 ± 4.4 23.7 ± 4.3 0.017
Waist, cm 84.1 ± 11.1 77.9 ± 11.3 80.8 ± 11.6 0.001
Hip,  cm 97.2 ± 8.5 96.4 ± 8.9 96.7 ± 8.8 0.210
WHR  0.86 ± 0.06 0.80 ± 0.06 0.83 ± 0.07 0.001
WHI  0.49 ± 0.06 0.48 ± 0.07 0.48 ± 0.06 0.454
Total  body fat, % 21.7 ± 7.0 31.1 ± 7.7 26.8 ± 9.0 0.001
Glucose, mg/dL 85.1 ± 9.0 82.2 ± 8.9 83.5 ± 9.1 0.001
Triglycerides, mg/dL 118.0 ± 77.5 94.9 ± 52.2 105.4 ± 65.9 0.001
Cholesterol, mg/dL 157.8 ± 28.6 157.1 ± 13.3 157.4 ± 30.9 0.756
HDL-C, mg/dL 47.8 ± 10.9 53.5 ± 13.3 50.9 ± 12.6 0.001
LDL-C, mg/dL 86.7 ± 25.2 84.1 ± 23.1 85.2 ± 24.1 0.179
Insulin, ug/mL 7.9 ± 5.2 8.0 ± 6.3 8.0 ± 5.8 0.801
HOMA-IR 1.7 ± 1.2 1.6 ± 1.3 1.6 ± 1.2 0.711
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BMI:  Body Mass Index; HWI: hip waist index; WHI: waist height index; TG: Trigl
density lipoprotein cholesterol; HOMA-IR, homeostatic model assessment for ins
test  for the difference of means between and women.

umption and 69.4% reported high alcohol consumption (at least
nce a week), which was higher in men  than in women  at 76.2%
nd 62.3%, respectively. Six out of 10 young people did not practice
ny type of physical activity.

ssociation analyses (Table 2)
Association with BMI  showed a similar risk between men  and
omen for low HDL-C concentration, but for high triglycerides and

holesterol, the risk increased almost twice in men  in comparison
o women and no risk was  associated with high levels of glucose.
es; Chol: Cholesterol; HDL-high density lipoprotein cholesterol; LDL-C: low
sistance. Values are shown as the mean ± SD. P value (p ≤ 0.05) of Studentś

High triglycerides and a low level of HDL-C were relevant for both
sexes and total cholesterol concentration was only associated with
obesity in men. An association between sedentary lifestyle and
mild food insecurity was  only observed in women. Regarding IR, all
anthropometric parameters and body composition were strongly
associated with the risk of developing IR. High body fat percentage
was associated with IR with an OR of 6.8 (2.02–22.8) for males and

3.86 (1.48–10.07) for females. Sedentarism also showed association
for IR risk only for females.

The general characteristics of the subsample for the genetic
analysis are shown in Table 3, where all anthropometric parameters
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Table  4
Genotypic and allelic frequencies of the genetic variants.

ABCA1(rs9282541) APOAV(rs964184) GCKR(rs1260326)

Allele A G T
MAF  0.12 0.35 0.34

Genotypic frequency
(%)

G/G: 76.7 C/C: 42.4 C/C: 44.9
A/G: 19.1 C/G: 43.7 C/T: 42.0
A/A: 2.7 G/G: 12.4 T/T: 13.1

Frequency of combined genetic variants (%)
No risk genetic variant 16.2
ABCA1 + APOAV 14.3
ABCA1 + GCKR 12.1
APOAV + GCKR 31.1
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ABCA1 + APOAV + GCKR 7.1

AF, minor allele frequency.

xcept hip circumference were different between men  and women.
egarding biochemical markers, differences were observed for glu-
ose, triglycerides and HDL-C. The allelic and genotypic frequencies
f the analyzed genetic variants are shown in Table 4. The allele fre-
uency of the risk of the three analyzed variants were 41.1% with
t least one risk variant, 35.6% presented two risk variants and 7.1%
resented all three risk variants. Together, the APOAV and GCKR
ariants showed the highest prevalence (31.1%).

We estimated the effect that the presence of one or two copies
f the risk allele for each genetic variant has over the outcome. To
erform this estimation, we created a binomial variable for each
enetic variant where the first category is “minor allele carrier”,
efined as the combination of heterozygotes and homozygotes for
he risk allele (minor allele), and the reference category is the “non
arrier” set of patients, who had two copies of wild-type (non risk or
ajor) allele. Participants with at least one risk allele were include

n the analysis, that means that were included those with one, two
r three genetic variants. Risk calculation was determined against
articipants that did not present any risk allele. Table 5 shows
hat a significant association was found between the risk allele
or rs9282541 (ABCA1) variant and obesity, with a lower concen-
ration of HDL-C and, in a minor way, with metabolic syndrome.
or the rs964184 (APOAV) and rs1260326 (GCKR) variants, there
ere no significant associations with obesity. A positive association

etween the risk allele for the rs1260326 (GCKR) variant with high
evels of glucose (>100 mg/dL) and insulin resistance was found.
his association disappeared when the adjustment was  made only
y age and sex. For the APOAV variant, association was signifi-
ant for high triglycerides, low HDL-C and metabolic syndrome.
he ABCA1 and APOAV variants were significantly associated with
etabolic syndrome. However, there was no significant association
ith the GCKR variant. We  found that the subjects with rs9282541
G/AA and rs964184 CG/GG genotypes showed a higher risk of
S (OR = 2.06, 95% CI = 1.024.17, p = 0.043) and (OR = 2.87, 95%

I = 1.29–6.40, p = 0.009), respectively, but not for IR with respect
o the subjects with GG and CC genotypes. SNP–environment inter-
ction with IR was relevant for subjects with rs9282541 AG/AA,
s964184 CG/GG and rs1260326 CT/TT with a BMI >25 or a high
ody fat percentage, but not with a sedentary lifestyle and sugar

ntake (Table 6).

iscussion

Several studies have shown that young people are vulnerable to
etabolic disorders such as obesity, DM2, cardiovascular diseases,

mong others; which often are imperceptible and asymptomatic

18]. In this study, we  were able to observe the metabolic status
f Mexican young adults. Interestingly, despite having an adequate
MI, similarly to with a previous study [19], 5 out of 10 young peo-
le (49%) presented body fat above the recommended parameters
(53% in men  and 45% in women). This risk factor is related to the
development of IR and cardiovascular disease [20]. Several stud-
ies have related a high percentage of fat, mainly visceral, with IR
and DM2  [21]. In people with obesity, insulin concentrations were
elevated, and much has been speculated about whether this is the
cause or effect of IR. In this sense, several authors agree that, on
the one hand, obesity induces IR by inflammatory factors and, on
the other hand, the increase in insulin levels induces adipogenesis,
which reflects a complex feedback circle that does not allow full
deciphering of the etiology of both conditions [22].

Waist circumference is one of the main anthropometric param-
eters related to cardiovascular diseases risk [23]. In this study, 24%
of young people showed a waist circumference above the recom-
mended parameters of the International Diabetes Federation, 26%
in women  and 22% in men. Although BMI  has been a very popular
anthropometric parameter in clinical practice, in this research, it
was observed that waist to height and waist to hip ratios were also
good predictors of risk for IR.

Environmental factors are highly related to obesity, mainly
prolonged fasting, a sedentary lifestyle, food insecurity and con-
sumption of carbonated and/or sugared beverages [24]. In this
sense, we  found that males presented more risk factors than
females, mainly related to DM2. A recent study showed that men,
regardless of ethnicity, had a higher prevalence of diabetes com-
pared with women of a similar age, BMI, socio-economic status
and lifestyle factors, such as physical activity and eating habits [25].
However, in this study, it was observed that sedentarism and mild
food insecurity were only associated with BMI  for women.

Regarding biochemical parameters, a high prevalence of high
triglycerides, low HDL-C and IR were found. These results agree
with the national health and nutrition survey (ENSANUT) in a sim-
ilar age group [26]. The biochemical parameters that were mostly
associated with IR were triglycerides above 150 mg/dL and glu-
cose above 100 mg/dL. These results are similar to those reported
in other studies in a Mexican population of a different age range
[27] and a Mexican population in the same age range [28].

ABCA1 plays a key role in cholesterol efflux and transfer
from peripheral cells to lipid-poor apolipoprotein A1 [29]. SNP
rs9282541, apparently exclusive to native American individuals,
was associated with low HDL-C levels, obesity and DM2  in Mexi-
can mestizos [30]. In this study, it was  associated with low HDL-C
and conferred significant susceptibility to metabolic syndrome
(OR = 2.06 95%, C.I. = 1.02–4.17, p = 0.043). It has been reported that
a dysfunction of the ABCA1 gene in adipocytes causes cholesterol
accumulation, a decrease in the lipolysis and an increase in adipose
tissue, thus producing glucose intolerance and insulin resistance

[31]. In this study, R230C was the only variant related to obesity.
(OR = 3.0 95%C.I. = 1.73–5.44, p = <0.001).

SNPs of APOAV are associated with dyslipidemia [32] and
specifically with increased TG levels [7] for Mexican mestizos and
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Table 5
Genetic variants and their association with metabolic parameters.

Gene Genotype
Control HTG Control Low HDL-C Control Glucose Control HOMA-IR Control Obesity Control MS  IDF

(n = 531) (n = 134) (n = 423) (n = 242) (n = 646) (n = 19) (n = 517) (n = 88) (n = 608) (n = 57) (n = 628) (n = 37)

rs9282541 (ABCA1)

GG 421 (79.3%) 97 (72.3%) 342 (80.7%) 175 (72.3%) 504 (78.0%) 14 (73.7%) 404 (78.1%) 63 (71.6%) 485 (79.8%) 32 (56.1%) 494 (78.7%) 24 (64.9%)
AG  96 (18.1%) 33 (24.7%) 73 (17.2%) 56 (23.1%) 124 (19.2%) 5 (26.3%) 99 (19.1%) 23 (26.1%) 108 (17.8%) 21 (36.8%) 117 (18.6%) 12 (32.4%)
AA  14 (2.7%) 4 (3%) 8 (1.9%) 11 (4.5%) 18 (2.8%) 0 (0.0%) 14 (2.7%) 2 (2.3%) 15 (2.5%) 4 (7.0%) 17 (2.7%) 1 (2.7%)
OR  (CI) 1.42 (0.92–2.21) 1.79 (1.21–2.65) 1.24 (0.43–3.53) 1.23 (0.72–2.10) 3.07 (1.73–5.44) 2.06 (1.02–4.17)
p  0.112 0.003 0.686 0.438 <0.001 0.043

rs964184 (APOAV)

CC 244 (46.0%) 42 (31.4%) 202 (47.6%) 84 (34.7%) 276 (42.7%) 10 (52.6%) 226 (43.7%) 34 (38.6%) 260 (42.8%) 26 (45.6%) 278 (44.3%) 8 (21.6%)
CG  228 (42.9%) 67 (50%) 170 (40.1%) 125 (51.7%) 286 (44.3%) 9 (47.4%) 223 (43.1%) 46 (52.3%) 270 (44.8%) 24 (42.1%) 271 (43.2%) 24 (64.9%)
GG  59 (11.1%) 25 (18.6%) 51 (12.0%) 33 (13.6%) 84 (13.0%) 0 (0.0%) 68 (13.2%) 8 (9.1%) 78 (12.8%) 7 (12.3%) 79 (12.6%) 5 (13.5%)
OR  (CI) 1.89 (1.26–2.84) 1.74 (1.24–2.44) 0.67 (2.69–1.67) 1.09 (0.67–1.77) 0.88 (0.50–1.53) 2.87 (1.29–6.40)
p  <0.001 <0.001 0.393 0.712 0.658 0.009

rs1260326 (GCKR)

CC 246 (46.3%) 53 (39.5%) 193 (45.5%) 105 (43.4%) 286 (44.3%) 13 (68.4%) 226 (43.7%) 48 (54.5%) 272 (44.7%) 26 (45.6%) 281 (44.7%) 18 (48.6%)
CT  230 (43.3%) 50 (37.3%) 179 (42.2%) 101 (41.7%) 275 (42.6%) 5 (26.3%) 223 (43.1%) 31 (35.2%) 254 (41.8%) 26 (45.6%) 267 (42.5%) 13 (35.1%)
TT  55 (10.4%) 31

(n = 23.3%)
51 (12.0%) 36 (14.9%) 85 (13.2%) 1 (5.3%) 68 (13.2%) 9 (10.2%) 82 (13.5%) 5 (8.8%) 80 (12.7%) 6 (16.2%)

OR  (CI) 0.76 (0.51–1.13) 0.923 (0.66–1.28) 2.99 (1.13–7.87) 1.56 (0.98–2.47) 0.93 (0.54–1.62) 0.84 (0.43–1.64)
p  0.182 0.631 0.027 0.056 0.818 0.618

Odds ratio and 95% CI were determined for the dominant model of the minor allele, logistic regression adjusted for age and sex (p ≤ 0.05). Bold values means statistically significant differences.
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Table  6
Association of gene–environment interactions with insulin resistance.

BMI  >25 p % HBF >33 p Sedentarism p Sugar intake p

ABCA1 OR 3.73 <0.001 3.68 <0.001 0.92 0.865 0.98 0.969
(rs9282541) (CI) (2.01–6.91) (2.03–6.68) (0.39–2.17) (0.50–1.92)
APOAV OR 3.41 <0.001 3.55 <0.001 1.09 0.757 1.16 0.614
(rs964184) (CI) (2.10–5.54) (2.19–5.75) (0.63–1.89) (0.65–2.06)
GCKR OR 1.87 0.016 1.68 0.039 0.93 0.824 0.63 0.116

B  of int

n
w
h
f
1
9
t

l
t
i
a
t
t
i
V
i
m

a
G
A
[
e
a
w
r
t
a

i
I
r
b
b
o
i
l
a
p

s
t
i
g
t
m
r

e
c
p
t
E
d

[

[

[

[

(rs1260326) (CI) (1.12–3.13) (1.02–2.77) 

MI; body mass index, %HBF; high body fat percentage. Analysis for different types

ative American. The minor allele frequency of rs964184 was  0.35,
hich is similar to that reported for Mexican mestizos (0.38) and
igher than the frequency reported for Europeans (0.12) [33]. We

ound that it was significantly associated to HTG (OR 1.89; 95%CI
.26–2.84; p = <0.001) and hypoalphalipoproteinemia (OR 1.74;
5%CI 1.24–2.44; p = <0.001), similarly to the results reported for
he Hispanic population [32].

Abdominal obesity is associated with elevated TG and low HDL
evels so it has been seen that the variants of APOAV and its rela-
ionship with obesity are closely related to the metabolic profile of
ndividuals [34]. In the present study, participants with a BMI  > 25
nd a high fat percentage showed associations with insulin resis-
ance. These results agree with a study conducted in young people
hat showed that APOAV gene variants occurred more frequently
n patients with metabolic syndrome and abdominal obesity [35].
ariant rs964184 (APOAV) also was associated with a significantly

ncreased risk of metabolic syndrome among females but not in
ales (OR = 2.40, 95%, C.I. = 1.63–32.61, p = 0.008).
GCKR is a gene involved in the regulation of carbohydrates

nd lipids metabolism, the allelic variant for the rs1260326 of
CKR gene was associated with protection against DM2  in Mexican
merindians and with hypertriglyceridemia in Mexican mestizos

36]. In this study, there was no association with hypertriglyc-
ridemia, but association was observed with IR when adjusted by
ge, sex, and triglycerides and this association only disappeared
hen adjusted by age and sex. Another study has shown that the

s1260326 variant was associated with fatty liver and elevated
riglycerides obese children and adolescents, regardless of age, BMI
nd glucose [37].

We demonstrated that SNPs in APOAV and ABCA1 were signif-
cantly associated with MS  and its components in this population.
t is notable that SNPs rs964184 (APOAV), rs9282541 (ABCA1) and
s1260326 (GCKR) alone do not confer a risk of insulin resistance,
ut the presence of these combined with a BMI  > 25 and a high
ody fat promotes the presence this disorder. Therefore, it was
bserved that the environment–gene interaction can play a very
mportant role in the development of insulin resistance directly
inked to lifestyle and is accompanied by diseases such as diabetes
nd abdominal obesity. These factors are added to the effects of
redisposition given by genetic variants [38].

In this study, it was possible to determine that most of the
tudied genetic variants were related to high concentrations of
riglycerides and low concentrations of HDL-C. The genetic find-
ngs show that 42.7% of the studied population had two  or three
enetic variants associated with NCD. Identifying the presence of
his variant in this population could be adding to the environ-

ental and metabolic risk factors for the development of insulin
esistance.

In conclusion, our results show that young adults in Mexico
xhibited metabolic alterations that were related to non-
ommunicable diseases that have an important impact on

ublic health. These genetic findings suggest that this popula-
ion is susceptible to the development of obesity, IR and MS.
arly care strategies must be considered in the prevention of
iseases.

[

(0.52–1.68) (0.35–1.12)

eraction by using logistic regression. Data adjusted for age and sex, (p ≤ 0.05).
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