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Abstract
Background: Cardiovascular diseases constitute the main death cause worldwide resulting from a combination of
genetic and lifestyle factors, and the prevalence among younger individuals has increased. It is important to early
identify changes in lipid profile and the influence of genetic variations in specific genes on the individual patterns
of lipid profile. Thus, the aim of this study was to verify the relationship of polymorphisms in PPAR-gamma gene
(PPARG − rs1801282 − Pro12Ala) and in apolipoprotein E gene (APOE − rs429358 + rs7412, determinants of the
APOE2, APOE3, or APOE4 genotypes) with lipid profile of adolescents under cardiovascular risk factors.
Methods: This was a cross-sectional study with 115 adolescents aged 10–19 years, which presented cardiovascular risk
factors. The students were evaluated regarding socioeconomic, anthropometric, biochemical, genetic, and dietetic
variables. Student’s t test or Mann-Whitney test were applied to the analysis of the genotypes. Multiple linear
regression analysis was performed to determine the variables that most influenced the lipid profile.
Results: Adolescents carrying PPARG Ala allele showed higher serum triglycerides (p = 0.0423) and very low-density
lipoprotein (p = 0.0410) levels when compared to those carrying the wild genotype. For the APOE polymorphism, it was
observed a trend of higher triglycerides (p = 0.0712) and very low-density lipoprotein (p = 0.0758) levels in the adolescents
carrying the E4 allele when compared to those who did not carry this allele.
Conclusion: The polymorphisms PPARG rs1801282 and APOE rs429358 + rs7412 seem to be related to the development
of lipid profile alterations in adolescents.
Keywords: Genetic polymorphism, Overweight, Dyslipidemias, Nutrigenetics, Food intake

Background
Atherosclerosis, the main pathophysiological process related to cardiovascular disease (CVD), begins in childhood and progresses toward adulthood [1]. The extent
of atherosclerosis in children and adolescents may be associated with the presence of the same risk factors that
have been identified in adults, such as changes in lipid
profile, overweight, hypertension, age, sex, and genetic
inheritance [2].
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A study with more than 3000 US adolescents from the
National Health and Nutrition Examination Survey
(NHANES) evaluated the recent trends (from 1999 to
2008) in the prevalence of CVD risk, both separately
and according to weight (normal, overweight or obesity)
status. Based on the overall results, it was concluded
that American adolescents, especially those who are
overweight or obese, present a significant load of risk
factors for CVD [3].
The Brazilian Study of Cardiovascular Risks in Adolescents (ERICA) started in 2008 with the aim of estimating
cardiovascular risk factors prevalence in adolescents
attending public and private schools in cities bigger than
100 thousands inhabitants. More than 35,000 adolescents were evaluated regarding alterations in lipid
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profile, and the first analyses showed that a meaningful
part of the evaluated adolescents presented changes in
plasma lipid levels, especially regarding low levels of
cholesterol in high-density lipoprotein (HDL-C) and
high triacylglycerol levels [4].
Patients with dyslipidemia or under some other cardiovascular risk factors should be counseled about the
adoption of non-pharmacological measures related to
healthy lifestyle, including changes in dietary habits.
However, individuals subjected to the same treatment or
changes in habits may show different responses, depending on polymorphisms in genes or other DNA sequences
involved in lipid metabolism. Among these polymorphisms, the rs1801282 (Pro12Ala) in the peroxisome
proliferator-activated receptor gamma gene (PPARG)
and the rs429358 + rs7412 (determinant of the alleles ε2,
ε3, and ε4) in the apolipoprotein E gene (APOE) must be
highlighted [5].
PPARG is a nuclear receptor, which plays an essential
role in lipid metabolism, as well as in the differentiation
of adipocytes and lipid storage. The Pro12Ala polymorphism in PPARG may lead to an alteration of the intrinsic activity of this receptor. Presence of the Ala allele
is associated with reduced lipoprotein lipase activity,
resulting in altered clearance of low-density lipoproteins
(LDL) and very low-density lipoproteins (VLDL), with
consequent increase in lipoprotein plasma levels [6].
These changes in lipid metabolism in subjects carrying
the Ala allele were confirmed by a meta-analysis with
48,210 individuals, which included association studies
between the Pro12Ala polymorphism and lipid profile
published until May 2014 [7].
APOE is a serum glycoprotein present in circulating
chylomicrons (CM), remaining CM, and VLDL. This
glycoprotein also plays an important role in lipid metabolism, as it mediates the interaction of lipoproteins to
LDL and remaining CM receptors. In consequence,
APOE is involved with the metabolic destination of
some lipoprotein classes and plays a central role in cholesterol metabolism [8]. It is estimated that 60% of the
variation in serum total cholesterol levels undergo influence of a genetic determinant and that 14% of the
changes in these levels are influenced by polymorphisms
in the APOE [9].
APOE interactions with lipoprotein receptors depend
on its isoform. The most studied polymorphism in
APOE is characterized by the cistein and arginin contents at positions 112 and 158, resulting in three major
alleles (ε2, ε3, ε4) and in six possibilities of genotypes:
ε2/2, ε3/2, ε4/2, ε3/3, ε4/3, and ε 4/4 [8]. Meta-analysis
including case-control studies with 18,752 patients suffering from acute myocardial infarction (AMI) suggests
that the ε4 allele is a risk factor for the development of
AMI and the presence of the ε2 allele is a protective
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factor for this disease. These results may be explained by
the fact that the ε4 allele is associated with elevated
serum concentrations of LDL-C, VLDL-C, triacylglycerol, and total cholesterol, while the ε2 allele is associated with lower concentrations of these substances [10].
Considering the importance of early identification of
changes in lipid profile for CVD prevention, the influence of genetic variations in specific genes on the individual patterns of lipid profile, and the lack of studies
with Brazilian adolescents on this subject, the aim of this
study was to investigate the relationships among PPARG
Pro12Ala and APOE rs429358 + rs7412 polymorphisms
and lipid profile in adolescents with cardiovascular risk
factors.

Methods
Study population

An observational, analytical, and cross-sectional study
was performed, including Brazilian adolescents from a
public school located at center-western Brazil, as described previously [11]. All the students aged 10–19 years
were invited, and 454 agreed to participate. They were
evaluated regarding socioeconomic, anthropometric, lifestyle, and dietetic behavior variables. Adolescents who
presented overweight or self-reported changes in lipid
profile (n = 201) were invited to perform biochemical
and genetic analysis. Individuals who presented previous
CVD diagnosis (n = 06), who were under nutritional
treatment (n = 08), who did not conclude the biochemical evaluations (n = 20), or who did not accept to participate in the biochemical analyses (n = 52), were not
included in the study. The final sample consisted of 115
adolescents, 80 presenting overweight, and 35 selfreported changes in lipid profile. A posteriori determination of the sample representativeness in relation to the
target population, with a confidence interval of 95% and
a power of 80%, showed the maximum error of 5.4%
considering the frequency of the variant allele for the
PPARG Pro12Ala polymorphism.
The study was approved by the Ethics Committee of
the Federal University of Goiás on 10.07.2013, under
protocol number 422 352. All the procedures in this
study were in accordance with the 1975 Helsinki Declaration, updated in 2013. Informed consent was obtained
from all participants included in the study.
Dietary evaluation

The subjects answered a usual food record filled by
trained professionals. The adolescents were instructed
on how to provide accurate information and about the
importance of giving details on portions and preparations in household measures. Nutritional assessment of
food records was performed using the software Avanutri®
(Rio de Janeiro, Brazil).
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Body composition

All measurements were performed with participants
barefoot and wearing light clothes, according to the
protocol established by Gibson [12]. The height was
measured through a stadiometer graduated in centimeters. Body weight was measured with a graduated scale
in 0.1 kg, and the waist circumference was determined
with a non-flexible tape. Body mass index (BMI) was calculated from weight and height data. The WHO [13]
Child Growth Standards were used to evaluate the BMI/
age according to sex. Individuals below the 15th percentile were considered below normal weight; those who
were between the 15th and 85th percentiles were classified as normal weight; those who fit above the 87th percentile and below the 97th percentile were classified as
overweight; and those above the 97th percentile were
considered obese [13].
Blood collection and biochemical analyses

Blood samples were collected for a qualified professional
with disposable materials from the individuals fasting 10
to 12 h. Serum total cholesterol, cholesterol in highdensity lipoprotein (HDL-C), and triacylglycerol levels
were analyzed by final-point automated enzymology in
an outsourced laboratory. The cholesterol in HDL was
determined after precipitation of the fractions LDL-C
and VLDL-C. The LDL-C and VLDL-C fractions were
calculated from the Friedewald, Fredrickson, and Levy’s
(1972) equation [14]. Changes in lipid profile were defined using the following criteria: total cholesterol
≥170 mg/dL; triacylglycerol ≥90 mg/dL; LDL-C
≥110 mg/dL and HDL-C <45 mg/dL [15]. Plasma concentrations of oxidized LDL (ox-LDL) were determined
by ELISA (enzyme-linked immunosorbent assay), with
reading in a spectrophotometer [16].
DNA extraction and polymorphisms genotyping

For the polymorphisms genotyping, genomic DNA was
extracted with a commercial kit (High Pure PCR Template Preparation, Roche®, Mannheim, Germany) according to the manufacturer’s instructions. For genotyping, it
was used the platform QuantStudio™–OpenArray TaqMan™ (Life Technologies, CA, USA) with personalized
cards for the QuantStudio® 12K Flex System (Life Technologies, CA, USA). Data for the single nucleotide polymorphisms (SNP) of interest were analyzed by two
independent evaluators.
Statistical analysis

Shapiro-Wilk test was applied to verify data distribution.
In order to determine whether the results about biochemical markers were different among genotypes, one-way
ANOVA or Kruskal-Wallis test was applied. Afterwards,
the genotypes were grouped according to the presence of
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variant alleles (Pro/Pro and Pro/Ala + Ala/Ala for PPARG
SNP) and to the presence or absence of ε4 allele for the
APOE SNP, and data were compared by Student’s t test
for parametric variables and by Mann-Whitney test for
nonparametric variables. The Hardy-Weinberg equilibrium and the genotypes frequencies according to weight
status (normal or overweight) were tested using the
Pearson’s chi-squared test.
Multiple linear regression analysis was performed to
determine the variables that most influenced the lipid
profile from the stepwise method to select variables. Assumptions of the multiple linear regression model were
analyzed. The conditions for the multivariate analysis of
variance (MANOVA) were checked: multivariate normality, homogeneity of variance matrices, and independence between observations. MANOVA is able to test if
the genetic polymorphisms studied together had a synergistic effect on lipid profile.
A value of p < 0.05 was considered significant, while a
trend was observed when p value was between 0.06 and
0.10. Analyses were performed in Statistica version 12.0
(Statsoft®, Kansas City, USA).

Results
The median age (interquartile range) of the adolescents
was 14.0 (12.0–16.0) years; 69.6% (n = 80) presented
overweight and 58.3% (n = 67) were female. In male adolescents, the prevalence of changes in lipid profile was
58.3% for HDL-C, 25.0% for total cholesterol, 43.8% for
triacylglycerol, and 12.5% for LDL-C, and for female adolescents, these values were 40.3, 28.4, 40.3, and 19.4%,
respectively, although the means values found for these
variables were within the recommended intervals [11]
(Table 1).
Significant correlations between food intake and polymorphisms were not found [data not shown]. The SNP
frequencies did not differ between normal-weight and
overweight adolescents, and they were in accordance with
Hardy-Weinberg equilibrium (PPARG: X2 = 8.77; p = 0.27;
APOE: X2 = 14.32; p = 0.96) (Table 2).
When analyzing the genotypes according to the presence of Ala allele (PPARG), significant differences were
observed in serum triacylglycerol and VLDL-C levels,
with the homo-/heterozygous carriers of the Ala allele
presenting the higher levels (p < 0.05) in comparison to
non-carriers (Table 3). For the APOE polymorphism, it
was verified significant differences in weight and BMI,
and a trend to significance in serum triacylglycerol and
VLDL-C levels, as well as in the Castelli I index between
ε4 allele carriers and non-carriers (Table 4).
Multiple linear regression analysis revealed a significant interaction of APOE ε3 allele with waist circumference and income to predict serum triacylglycerol levels
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Table 1 Characterization of the studied adolescents, according to sex
Total (n = 115)

Male (n = 48)

Female (n = 67)

p value

Age (years)

14.0 (12.0–16.0)

13.0 (11.0–15.3)

15.0 (13.0–16.0)

0.0485¶

Weight (kg)

63.5 ± 17.5

66.4 ± 19.9

61.4 ± 15.3

0.1278

Height (m)

1.6 ± 0.1

1.6 ± 0.1

1.6 ± 0.1

0.1112

BMI (kg/m2)

24.0 ± 4.9

24.4 ± 5.0

23.7 ± 4.9

0.4850

WC (cm)

76.5 ± 12.9

80.9 ± 13.6

73.5 ± 11.5

0.0020*

Waist to height ratio

0.47 (0.42–0.52)

0.49 ± 0.07

0.46 ± 0.07

0.0058*

TG (mg/dL)

78.0 (59.0–113.0)

80.0 (60.0–120.3)

76.0 (58.5–108.5)

0.4237

TC (mg/dL)

155.4 ± 26.3

151.1 ± 24.6

158.5 ± 27.2

0.1344

HDL-C (mg/dL)

45.0 (38.0–54.0)

43.9 ± 11.6

47.0 (40.5–56.5)

0.0607

LDL-C (mg/dL)

90.3 ± 20.9

87.4 ± 18.1

92.3 ± 22.6

0.2100

ox-LDL (U/L)

2.2 (0.9–6.5)

1.8 (0.7–6.7)

2.2 (1.0–6.1)

0.5394

LDL-ox/LDL-C

0.03 (0.01–0.06)

0.02 (0.01–0.05)

0.03 (0.01–0.08)

0.2555

non-HDL-C (mg/dL)

109.0 ± 23.8

107.1 ± 22.1

110.4 ± 25.1

0.4676

TC/HDL-C (mg/dL)

3.3. (2.9–4.1)

3.3 (3.0–4.2)

3.3 (2.9–4.0)

0.3917

LDL-C/HDL-C (mg/dL)

1.9 (1.6–2.4)

1.9 (1.7–2.5)

1.9 (1.5–2.4)

0.4607

Values are shown as mean ± standard deviation or median (interquartile range)
BMI body mass index, WC waist circumference, TG triacylglycerol, TC total cholesterol, HDL-C cholesterol in high-density lipoprotein, LDL-C cholesterol in low-density
lipoprotein, ox-LDL oxidized low-density lipoprotein
Significant difference regarding sex: *Student’s t test or ¶Mann-Whitney U test

(R2 = 0.3442). However, there was no significance to considerer other lipid fractions concentrations as dependent
variables.

Discussion
In this study, we observed higher triacylglycerol and
VLDL-C levels in carriers of Ala allele for PPARG
polymorphism and a similar pattern regarding APOE

polymorphism. These findings are the first documented
in Brazil for the age group studied and may contribute
to the establishment of preventive and personalized
measures for decreasing cardiovascular risk.
The prevalence of dyslipidemia found in the adolescents of our study was higher than the results of a study
performed in Germany with 10,841 adolescents, in
which the authors observed inadequacy from 2 to 13%

Table 2 Genotype distribution and alleles frequency relative to the polymorphisms in APOE and PPARG, according to weight status
Total, n = 115

Normal weight, n = 35

Overweight, n = 80

ε 2/3 genotype

8 (7)

3 (37.5)

5 (62.5)

ε 2/4 genotype

2 (2)

1 (50.0)

1 (50.0)

ε 3/3 genotype

45 (39)

15 (33.3)

30 (66.7)

ε 3/4 genotype

32 (28)

9 (28.1)

23 (71.9)

ε 4/4 genotype

28 (24)

7 (25.0)

21 (75.0)

ε 2 allele

10

4

6

ε 3 allele

85

27

58

ε 4 allele

62

17

45

APOE

0.8780

PPAR-γ

0.5630

Pro/Pro genotype

86 (75)

28 (32.6)

58 (67.4)

Pro/Ala genotype

22 (19)

6 (27.8)

16 (72.7)

Ala/Ala genotype

p value

7 (6)

1 (14.3)

6 (85.7)

C allele

97

31

66

G allele

18

4

14

For genotypes frequencies, values are shown in n (%) and for alleles frequencies, in n. Pearson’s chi-squared test or Fisher’s exact test
APOE apolipoprotein E gene, PPARG peroxisome proliferator-activated receptor gamma gene
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Table 3 Anthropometric and biochemical data according to genotypes of PPARG Pro12Ala polymorphism
Weight (kg)
2

C/C (n = 86)

C/G (n = 22)

G/G (n = 7)

p value*

62.3 ± 16.7

68.4 ± 19.5

62.6 ± 19.8

0.3340

BMI (kg/m )

23.8 ± 4.8

24.8 ± 5.3

23.6 ± 5.9

0.7066

WC (cm)

75.7 ± 11.9

81.1 ± 15.9

73.1 ± 13.0

0.1625

TG (mg/dL)

75.5 (56.5–104.5)

108.0 (66.8–130.8)

69.0 (56.0–129.5)

0.0809

TC (mg/dL)

154.2 ± 27.6

159.0 ± 21.5

158.3 ± 26.1

0.7179

HDL-C (mg/dL)

45.5 (38.0–54.8)

42.5 (37.0–51.3)

52.0 (45.0–54.0)

0.3661

LDL-C (mg/dL)

89.8 ± 21.9

92.0 ± 17.7

90.3 ± 20.0

0.9064

ox-LDL (U/L)

2.3 (0.9–7.2)

2.0 (0.8–3.7)

2.2 (1.3–3.6)

0.8782

VLDL-C (mg/dL)

15.0 (11.3–21.0)

21.5 (13.8–26.0)

14.0 (11.5–26.0)

0.0808

non-HDL (mg/dL)

107.6 ± 24.5

114.8 ± 20.6

108.3 ± 25.5

0.4529

TC/HDL-C (mg/dL)

3.3 (2.9–4.1)

3.6 (3.1–4.2)

3.4 (2.9–3.7)

0.3601

LDL-C/HDL-C (mg/dL)

1.9 (1.6–2.4)

2.1 (1.6–2.6)

1.9 (1.5–2.3)

0.5318

C/C (n = 86)

C/G and G/G (n = 29)

p value

TG (mg/dL)

75.5 (56.5–104.5)

106.0 (63.0–131.0)**

0.0424

VLDL-C (mg/dL)

15.0 (11.3–21.0)

21.0 (13.0–26.0)**

0.0410

Data are mean ± standard deviation or median (interquartile range)
BMI body mass index, WC waist circumference, TG triacylglycerol, TC total cholesterol, HDL-C cholesterol in high-density lipoprotein, LDL-C cholesterol in low-density
lipoprotein, ox-LDL oxidized low-density lipoprotein, VLDL-C cholesterol in very low-density lipoprotein
*
One-way ANOVA or Kruskal-Wallis test; **statistically significant differences when compared to wild-genotype carriers: Mann-Whitney test

Table 4 Anthropometric and biochemical data according to genotypes of APOE
Weight (kg)
2

ε2/ε3 (n = 8)

ε3/ε3 (n = 45)

ε4 carriers (n = 62)

p value¶

57.2 ± 10.3

59.6 ± 16.0

67.1 ± 18.6

0.0517

BMI (kg/m )

21.6 ± 3.2

23.1 ± 4.6

24.9 ± 5.1

0.0616

WC (cm)

73.0 ± 11.4

74.6 ± 12.1

78.4 ± 13.5

0.2356

TG (mg/dL)

86.0 (62.3–94.3)

69.0 (54.0–99.0)

92.0 (61.3–121.3)

0.1671

TC (mg/dL)

151.00 ± 19.5

154.8 ± 30.0

156.4 ± 24.4

0.8439

HDL-C (mg/dL)

44.5 (39.8–52.3)

48.0 (40.0–59.0)

44.0 (37.0–52.8)

0.3080

LDL-C (mg/dL)

87.0 ± 17.8

89.3 ± 23.2

91.4 ± 19.7

0.7904

ox-LDL (U/L)

2.1 (0.7–5.2)

2.4 (1.0–6.9)

1.8 (0.8–5.5)

0.8549

VLDL-C (mg/dL)

17.0 (12.8–18.5)

14.0 (11.0–20.0)

18.0 (12.0–24.0)

0.1774

non-HDL-C (mg/dL)

106.1 ± 20.1

106.0 ± 26.2

111.6 ± 22.5

0.4617

TC/HDL-C (mg/dL)

3.2 (2.9–4.0)

3.2 (2.8–3.8)

3.5 (3.0–4.2)

0.1735

LDL-C/HDL-C (mg/dL)

1.9 (1.6–2.5)

1.8 (1.5–2.3)

2.1 (1.5–2.6)

0.3133

ε3 carriers (n = 53)

ε4 carriers (n = 62)

p value

59.2 ± 15.2

67.1 ± 18.6*

0.0159

Weight (kg)
2

BMI (kg/m )

22.9 ± 4.4

24.9 ± 5.1*

0.0257

WC (cm)

74.4 ± 11.9

78.4 ± 13.5

0.0946

TG (mg/dL)

71.0 (56.0–99.0)

92.0 (61.3–121.3)**

0.0712

VLDL-C (mg/dL)

14.0 (11.0–20.0)

18.0 (12.0–24.0)**

0.0757

TC/HDL-C (mg/dL)

3.2 (2.8–3.9)

3.5 (3.0–4.2)**

0.0677

Data are mean ± standard deviation or median (interquartile range)
BMI body mass index, WC waist circumference, TG triacylglycerol, TC total cholesterol, HDL-C cholesterol in high-density lipoprotein, LDL-C cholesterol in low-density
lipoprotein, ox-LDL oxidized low-density lipoprotein, VLDL-C cholesterol in very low-density lipoprotein
¶
One-way ANOVA or Kruskal-Wallis test; *statistically significant differences when compared to ε3 carriers: Student’s t test; **Marginally significant differences when
compared to ε3 carriers: Mann-Whitney test
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in serum lipoproteins levels [17]. This higher prevalence
of dyslipidemia observed in our study may be partly explained by the fact that 69.5% of the adolescents were
overweight, which is a risk factor for dyslipidemia and
because self-reported change in lipid profile was an inclusion criterion. The presence of dyslipidemia in childhood and adolescence may indicate a higher risk of
developing CVD, since there is a tendency for these
young people to maintain similar profiles in adulthood
[18, 19]. Lower levels of HDL-C observed in overweight
adolescents are consistent with published reports that
show secondary dyslipidemia arising from obesity, with
reduction in HDL-C [20].
The frequency of Ala allele for PPARG polymorphism
among our adolescents was similar to those found in
studies with other populations, such as Polish (15.5%)
[21], Chinese (10.7%) [22], and Hungarian obese children and adolescents (14.6%) [23]. Studies have reported
that PPARG Pro12Ala polymorphism is associated with
obesity, insulin sensitivity, and type 2 diabetes [24].
Moreover, a meta-analysis considering the presence/absence of the Ala allele (dominant effect) as the exposure
and BMI as the outcome, analyzed results from 49,902
adults (Caucasian, Asian, Mexican-Hispanic, and AfricanAmerican). The authors concluded that the PPARG Ala
allele has a modest role in increasing BMI considering the
whole population but presents a stronger positive association with BMI among Caucasian men [25]. However, in
our study, we found no association between the presence
of the Ala allele and BMI.
The novel finding of our study showing that adolescents carrying the variant allele Ala presented higher
serum triacylglycerol and VLDL-C levels is consistent
with literature reports for obese adults [26, 27] and for
adults with coronary artery disease [28]. High triacylglycerol levels are associated with cardiovascular events,
as they are directly related to increasing concentrations
of atherogenic particles of LDL-C and VLDL-C. High
VLDL-C can aggravate dyslipidemia, because it competes with CM in the clearance regulated by lipoprotein
lipase and its hepatic receptors [29].
The relationship between the PPARG Pro12Ala polymorphism and dyslipidemia might be explained by the
PPARs importance in the regulation of genes encoding
proteins involved in adipocyte differentiation and lipid
storage, such as FABP, LPL, CD36, ACS family, and
NR1H3 [30].
The APOE genotyping is recognized as one important
factor related to lipids metabolism in response to food
consumption and, consequently, to CVD risk. The frequency of ε4 allele in the adolescents evaluated in our
study was higher than those found in studies with other
populations, such as African (31%) [31] and Brazilian
(10%) [32]. Studies in adults suggest that the APOE
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polymorphisms are also associated with changes in
blood lipid profile. The ε4 allele plays negative actions,
as it is related to an increase in serum LDL-C, total
cholesterol, VLDL-C, and triacylglycerol levels and to a
decrease in HDL-C concentrations [9, 33]. In our study,
we verified that adolescents carrying the ε4 allele showed
triacylglycerol and VLDL-C levels marginally higher than
the non-carriers. These results might be explained by
the differences in APOE isoforms ability to interact with
receptor in cell surfaces, such as LDL and VLDL receptors. In addition, it has been reported that APOE distribution among lipoproteins is variable. While APOE2
and APOE3 bind rather to small and phospholipid-rich
HDL, APOE4 seems to prefer large and triacylglycerolrich VLDL particles [8].
The main bias in studies of association among genetic
variants and phenotypic and biochemical parameters is
the lack of information on environmental factors, such
as diet. It is suggested that the SNPs PPARG Pro12Ala
and APOE rs429358 + rs7412 predict individual response to food. The presence of Ala and ε4 alleles, respectively, might be related to a higher sensitivity to
dietary fat [34]. However, we did not find correlation between food consumption and genetic and biochemical
variables, which suggest a strong effect of the SNPs regardless the food intake pattern.
Despite some limitations, such as the estimated food
consumption and a trend to homogeneity in food consumption of adolescents, this was a well-controlled
protocol, designed to assess a homogeneous public. It is
important, however, that larger samples are evaluated in
order to build a more robust body of evidence on this
subject.

Conclusion
Our study demonstrated that Ala allele of Pro12Ala
polymorphism in the PPARG and the APOE ε4 allele are
related to the lipid profile of Brazilian adolescents with
cardiovascular risk, independent of the food consumption pattern.
The novel findings contribute to the understanding of the
relationship between genetic factors and CVD, as well as to
the future establishment of personalized measurements.
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