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Abstract

Aim: Obesity in children has been associated with increased oxidative 
stress a factor that may play a key role in the pathophysiology of cardiovascular 
and metabolic events of obesity. The main aim this study was to analyze risk 
predictors for Cardiovascular Disease (CVD) including lipid profile and oxidative 
stress in children with and without obesity and the correlation between sedentary 
lifestyle and breastfeeding history. 

Methods: Were enrolled 66 children randomized into two groups: G1: 35 
children with obesity and G2: 31 children with normal weight. Anthropometric, 
biochemical, personal and family history data were collected, besides a 
peripheral blood sample. Statistical analysis included t, Fisher tests and Pearson 
correlation. Significance level was assumed for p<0.05. 

Results: The mean age of G1 was 8±1.5 years and Body Mass Index (BMI) 
of 25.6±2.5 kg/m². For G2 mean age of 7±1.4 years and BMI 16.5±1.4 kg/m². 
It was observed that G1 had higher TG and malondialdehyde (MDA) levels 
compared to G2 (p<0.05). It was noted positive correlation between MDA levels, 
TG and VLDLc only in the obese group (p<0.0001). Children with normal weight 
and breastfeeding have higher levels of HDLc. 

Conclusion: High levels of TG and MDA are associated with obesity. 
Breastfeeding history associated with high levels of HDLc in normal weight 
children, suggests its protective effect for CVD. We suggest that pediatricians 
should be aware of the importance of assessing the degree of oxidative stress in 
children with obesity in an attempt to prevent the development of comorbidities.
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Introduction
The increase in the number of children with obesity is a major 

health problem, mainly because of its association with comorbidities, 
including atherosclerosis and type 2 diabetes mellitus; factors that can 
lead the development of cardiovascular disease [1]. It is estimated that 
in Brazil the prevalence of childhood obesity is approximately 16.6% 
in boys and 11.8% in girls, probably due to high consumption of high-
calorie foods and beverages and reduced physical activity [2]. 

Obesity in children is one of the risk factors for obesity in adults 
and for the development of chronic diseases during childhood and 
adulthood [3]. Cardiovascular Diseases (CVD) are responsible for 
high mortality in Brazil, requiring further clarification, especially in 
children. There is an association between plasma cholesterol levels and 
mortality from cardiovascular disease [4], and among the main risk 
factors for CVD are high concentrations of low-density lipoprotein 
(LDLc) and low concentrations of high-density lipoprotein (HDLc) 
[5].

Moreover, other mechanisms that link obesity to the CVD have 
been widely investigated and include the state of inflammation and 
oxidative stress resulting from the increased adipose tissue [5,6]. 
Thus, obesity in children has been associated with increased oxidative 
stress [7], a generated condition when the production of reactive 
oxygen species exceeds the body’s ability to remove them. Thus, the 

increased oxidative stress may play a key role in the pathophysiology 
of cardiovascular and metabolic events of obesity8 and contributing 
to the development of obesity-related comorbidities [8].

However, the oxidative process remains to be elucidated. The 
investigation of biomarkers may contribute to early diagnosis of the 
implications of childhood diseases. It limited the number of studies 
on the oxidative damage caused by obesity in childhood; however 
associations between oxidative stress and diseases related to obesity, 
such as hypercholesterolemia [9] and insulin resistance [10] are being 
reported in children.

In this context, the present study aimed to analyze risk predictors 
for CVD including lipid profile and oxidative stress in children with 
and without obesity by sex and age and the correlation between the 
presences or absence of a sedentary lifestyle, breastfeeding history 
and background family of CVD.

Material and Methods
For the present study, 66 children with age between 5 and 10 

years, of both sexes were enrolled in a Basic Health Unit Care. It is 
case-control study in which children were randomized into two 
groups according to nutritional status: Group 1 (G1): 35 children 
with obesity and Group 2 (G2): 31 children with normal weight. 
Children with heart diseases, metabolic diseases, and genetic 
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disorders associated with dyslipidemia and in use of medication were 
excluded. This study was approved by the Ethics Committee of the 
institution. Parents or guardians were informed about the study and 
their consent was obtained.

Anthropometric, biochemical and personal and family history 
data were collected in a single moment. The anthropometric 
assessment was based on measurements of weight and height and 
calculate Body Mass Index (BMI). Weight was measured with a 
mechanical scale (capacity of 150 kg and 0.1 kg of precision) and 
height was measured with vertical stadiometer (graduation 0.1 cm). 
BMI (kg/m2) was calculated by the formula weight (kg) / height2 
(m) and their values applied in graphic NCHS (National Center for 
Health Statistics) [11] according to gender and age to determine the 
nutritional status. For evaluation of personal history, lifestyle habits, 
comorbidities and breastfeeding applied specific questionnaire.

Peripheral blood samples were collected after 12 hours of fasting 
for lipid profile analysis including serum total cholesterol (TC) and 
its fractions, LDLc, HDLc, very low density lipoprotein (VLDL-c) and 
triglycerides (TG) and stress oxidative analysis by measuring levels 
of malondialdehyde concentration (MDA). Serum concentrations of 
lipid fractions were performed by colorimetric enzyme method. The 
serum MDA concentration was performed according to the method 
of Khon & Liversedg [12], considering as normal limits serum 0-440 
ng/dL. 

Statistical analysis
The data were presented as mean ± standard deviation. The 

Kolmogorov-Smirnov test was performed to verify the normality of 
the data. Groups of children with obesity and normal weight were 
compared by applying the t test for independent samples. The Fisher 
exact test was used to check the frequency of altered biochemical 
markers in groups considering gender, age and BMI. The Pearson 

correlation coefficient was used to correlate variables related to the 
lipid profile, MDA and age. It is also applied multivariate principal 
component analysis compared the variables TC, HDLc, LDLc, 
VLDLc and MDA, in order to determine the association of factors 
between those variables. To verify the effect of other dichotomous 
variables (presence or absence of a sedentary lifestyle, breastfeeding, 
CVD history and gender) applied the t test. Significance level was 
assumed for p<0.05.

Results
Group 1 consisted of 35 children with a mean age of 8±1.5 years, 

40% of female, with an average BMI of 24.3±3.1 kg/m² and 21 (60%) 
male with BMI 25.6±2.5 kg/m². The group 2 included 31 normal 
weight children with mean age of 7±1.4 years, predominantly male 
(61%), BMI 16.5±1.4 kg/m². Indeed for group 2, females (39%) had 
BMI 16.6±2.3 kg/m².

It was observed that the group with obesity had higher TG levels 
(108.8±44.3 mg/dL) and VLDL-c (21.7±8.9 mg/dL) compared to 
normal weight group (81.5±49, 5 mg/dl, 16.3±9.9 mg/dL, respectively, 
p=0.02 for both). However, both groups showed similar levels of 
LDLc, HDLc and CT (Table 1). Also, there was a higher frequency of 
individuals with altered levels of VLDL-c (51.4%) and TG (51.4%) in 
the obese group compared to normal weight (22.6%; p=0.02 for both 
variables). 

Among normal individuals, women showed higher frequency 
of increased serum concentrations of CT (67%) and LDLc (50%) 
compared to men (21%, 5%, p=0.02; p=0.007, respectively). The 
comparative analysis between the group with obesity and normal 
weight, according to sex, showed high frequency of LDLc in males 
with obesity (33%), as compared to healthy (5%; p=0.04) (Table 2).

There was higher serum concentrations of MDA in the 

Variables of lipid profile (mg/dL) Children with obesity (n=35) Children with normal weight (n=31) p*

CT 171.7±30 164.2±29.2 0.14

LDLc 91.8±26.4 90.4±28.3 0.58

HDLc 58.8±13.7 57.5±12.5 0.17

VLDLc 21.7±8.9 16.3±9.9 0.02

TG 108.8±44.3 81.5±49.5 0.02

Table 1: Lipid profile of children with obese and normal weight.

*T test; p: level of significance; n: number of individuals; CT: total cholesterol; LDLc: cholesterol fraction of low-density lipoprotein; HDLc: high-density lipoprotein 
cholesterol fraction; VLDLc: cholesterol fraction of very low density lipoprotein; TG: triglycerides.

Variables of lipid 
profile (mg/dL)

Children with obesity (n=35) Children with normal weight 
(n=31)

Total Male 
(n=21)

Female 
(n=14) p1* Total Maale 

(n=19)
Female 
(n=12) p2* p3* p4* p5*

n % n % n % n % n % n %
CT 20 57 10 48 10 71 0,29 12 39 4 21 8 67 0,02 0,14 0,10 1,00

LDLc 11 31 7 33 4 29 1,00 7 23 1 5 6 50 0,007 0,58 0,04 0,42

HDLc 1 3 1 5 0 0 1,00 4 13 2 11 2 17 0,63 0,17 0,59 0,20

VLDLc 18 51 10 48 8 57 0,73 7 23 4 21 3 25 1,00 0,02 0,10 0,13

TG 18 51 10 48 8 57 0,73 7 23 4 21 3 25 1,00 0,02 0,10 0,13

Table 2: Frequency of children with abnormal concentrations of lipids in the groups of children with obesity and normal weight.

*Fisher test; p: level of significance; n: number of individuals; CT: total cholesterol; LDLc: cholesterol fraction of low-density lipoprotein; HDLc: high-density lipoprotein 
cholesterol fraction; VLDLc: cholesterol fraction of very low density lipoprotein; TG: triglycerides p1: comparison between genders in obesity group; p2: comparison 
between genders in eutrophic group; p3: comparison between groups (total); p4: male comparison between groups; p5: female comparison between groups.
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obese group (939.9±2.464 ng/mL) compared to normal weight 
(434.1±228.3 ng/mL; p=0.03). The comparative analysis between 
groups considering gender, revealed similar concentrations among 
obese boys (560.3±1.285.7 ng/ml) and normal (484.1±1171.2 ng/mL; 
p=0.49); however girls of obesity group showed higher levels of MDA 
(583.0±1.543 ng/mL) compared to normal weight (327.4±640.3 ng/
mL; p=0.02).

Figure 1 shows the MDA correlation coefficients with the lipid 
profile. It was noted positive correlation between MDA levels, TG 
and VLDL-c only in the obese group (r=0.61; p<0.0001 for both 
correlations). There was no correlation between age and MDA.

Multivariate principal component analysis compared the variables 
HDLc, LDLc, TG, VLDL-c and MDA was performed. In the obesity 
group, factor 1 explained with 43.1% of the total variation. This factor 
accounted for individuals with high or low levels of MDA, TG and 
VLDL-c together. In this same group, factor 2 explained 30.3% of 
variation in the sample and identified individuals with reduced or 
increased levels of TC and HDL-c together. Factor 3 which associated 
increased concentrations of LDLc and reduced levels of HDLc or vice 
versa, explained 18% of the total variation of biochemical indicators 
in this group. 

Among normal weight individuals, Factor 1 represented by the 
increase or decrease in CT concentrations, LDLc, TG and VLDL-c 
together explained 42.8% of the total variation. Factor 2, identified by 
increased levels of TC and LDLc and reduced MDA, TG and VLDL-c 
or vice versa, contributed 24.7% of total variation in this group. 

Factor 3 accounted for 20.5% of the total variation, characterized by 
increasing or decreasing concentrations of TC, HDL-c and MDA 
together. 

In each group the respective factors 1, 2 and 3 were associated 
with sex, family history of CVD, physical inactivity, and breastfeeding 
and the results of which are shown in (Tables 3 and 4), for the groups 
with or without obesity, respectively. In the group of eutrophic 

Factors

Gender History of CVD Sedentary lifestyle Breastfeeding

Female Male Yes No Yes No Yes No

(n=14) (n=21) (n=8) (n=27) (n=21) (n=14) (n=18) (n=17)

Factor 1 0,39±1,28 -0,26±1,78 0,01±1,48 -0,00±1,67 0,35±1,59 -0,53±1,55 -0,38±1,53 0,40±1,64

p* 0,219 0,977 0,113 0,158

Factor 2 -0,32±1,29 0,22±1,38 0,25±1,32 -0,07±1,37 0,11±1,36 -0,16±1,37 -0,01±1,28 0,01±1,46

p* 0,249 0,556 0,572 0,964

Factor 3 0,05±1,12 -0,03±1,01 0,21±1,26 -0,06±0,98 0,18±1,09 -0,27±0,93 -0,04±0,94 0,05±1,16

p* 0,824 0,595 0,204 0,803

Table 3: Correlation of the major components identified as factors 1, 2 and 3 and the personal history for obesity group in both genders.

*T test; Factor 1: Increase or decrease of MDA levels, TG and VLDL-c; Factor 2: increase or decrease in levels of TC and LDLc; Factor 3: increased levels of LDLc and 
reduced levels of HDLc or vice versa. CT: total cholesterol; LDLc: cholesterol fraction of low-density lipoprotein; HDLc: cholesterol fraction of high-density lipoprotein; 
VLDLc: cholesterol fraction of very low-density lipoprotein; TG: triglycerides; CVD: cardiovascular disease; p: significance level.

Factors Gender History of CVD Sedentary lifestyle Breastfeeding
Female
(n=12)

Male
(n=19)

Yes
(n=12)

No
(n=19)

Yes
(n=20)

No
(n=11)

Yes
(n=19)

No
(n=12)

Factor 1 -0,53±1,65 0,33±1,52 -0,04±1,49 0,02±1,71 0,19±1,63 -0,35±1,57 0,16±1,54 -0,26±1,74

p* 0,161 0,921 0,370 0,496

Factor 2 0,85±0,87 -0,53±1,11 0,13±1,65 -0,08±0,88 0,15±1,21 -0,27±1,24 0,19±1,16 -0,30±1,29

p* 0,001 0,678 0,368 0,295

Factor 3 -0,08±1,06 0,05±1,16 -0,25±0,791 0,16±1,26 -0,08±1,22 0,15±0,907 0,31±1,09 -0,49±0,31

p* 0,748 0,275 0,562 0,047

Table 4: Correlation of the major components identified as factors 1, 2 and 3 and the personal history of eutrophic group in both genders.

*T test; Factor 1: Increase or decrease the levels of TC, LDLc, TG and VLDL-c; Factor 2: increased levels of TC and LDLc and reduced MDA, TG and VLDL-c or vice 
versa; Factor 3: increased levels of LDLc and reduced levels of HDLc or vice versa. TC: total cholesterol; LDLc: fraction of cholesterol low-density lipoprotein; HDLc: 
cholesterol fraction of high-density lipoprotein; VLDL-C: fraction of cholesterol and very low-density lipoprotein; TG: triglycerides; CVD: cardiovascular disease; p: 
significance level.

Figure 1: Correlation coefficients (r) between lipid profile variables and levels 
of malondialdehyde (MDA) in individuals with obesity and normal weight. CT: 
total cholesterol; LDLc: cholesterol fraction of low-density lipoprotein; HDLc: 
cholesterol fraction of high-density lipoprotein; VLDLc: cholesterol fraction of 
very low-density lipoprotein; TG: triglycerides; *: p<0.05 (Pearson correlation).
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children the Factor 2 stood out, with a value of 0.85±0.87, indicating 
significantly higher concentrations CT and LDLc and reduced MDA, 
TG and VLDL-c in females as opposed to males (Factor 2=-0.53±1.11; 
p=0.001). For the other variables there was no significant difference 
between groups (p>0.05). The relationship of these variables with 
Factor 3, which is in the normal weight increase or decrease the levels 
of TC, HDL-C and MDA identified for breastfeeding significantly 
high levels of these variables (Factor 3=0.31±1.09) compared to the 
absence breastfeeding (Factor 3=-0.49±0.31; p=0.047; Table 4).

Discussion
This study confirms the association between obesity and high 

levels of TG and VLDL-c and oxidative stress in childhood, in positive 
correlation with MDA levels. The current epidemic of obesity among 
children has increased the need for health professionals to know risk 
factors for CVD and implement changes aimed at preventing this 
disease or early clinical intervention5. Admittedly, childhood obesity 
is a complex disease with different genetic components; metabolic, 
environmental and behavioral factors are interrelated, making it 
difficult to define the causal pathways.

Although recognized that atherosclerosis develops in childhood, 
the determinants of this preclinical phase still remain unclear. 
Freedman et al. [13] in a study of students between 5 and 17 years 
of age found that overweight individuals were more likely to present 
altered concentrations of CT and its fractions and TG.

In this study, the altered concentrations of TC and LDLc were 
more frequent in females, corroborating other studies that confirm 
higher frequency of high levels of TC in girls (37.5 and 32.2%) 
compared to boys (32.4 and 29.2%) [14]. Risk factors for obesity 
modify up according to age and may depend on the timing of sexual 
maturation, differences in locations, sample size and cultural or 
socioeconomic causes [14,15].

In relation to nutritional status in this study, children with 
obesity had higher concentrations of VLDL-c and TG compared 
to normal weight children. Moreover, obese male children showed 
higher frequency of high levels of LDLc to the controls of the same 
sex, corroborating with a Brazilian study, which showed that 50% of 
overweight boys had undesirable levels of LDLc [9]. Although the 
present study did not show difference in CT concentrations between 
groups, Friedland et al. [16] found TC and TG concentrations higher 
in obese compared with eutrophic; however does not detect the 
degree of obesity effect in the lipid profile, whereas a BMI between 85 
and 95 % compared to values above 95%. However, controversy is a 
causal relationship between obesity and hypercholesterolemia, being 
relatively common observation of individuals with severe obesity and 
desirable concentrations of CT [17].

In this study there was no difference of LDLc and HDLc 
concentrations between groups with obesity and normal weight. 
However, Lamb et al. [18], in the analysis of risk factors for clinical 
and metabolic complications among adolescents with obesity, 
highlighted lower levels of HDL-c in obese compared with nonobese, 
results in agreement with other studies [8,17]. 

It was observed in this study, higher concentrations of MDA in 
children with obesity compared to normal weight, corroborating 

studies in Brazilian17 and Spanish children [19]. In contrast, reduced 
MDA values were observed in a study of children with severe obesity 
compared to normal children [20]. Lima et al. [9] also observed that 
high concentrations of MDA are more prevalent in males, contrasting 
with the findings of this study, which revealed a similarity of MDA 
concentrations between the genders. 

This study showed MDA values within the desirable limit in 
normal children, disagreeing with the findings of Lima et al. [9]. 
MDA is one of the most abundant aldehydes resulting from tissue 
lipid peroxidation, enabling the indirect analysis of the resulting 
oxidative damage of lipid peroxidation [19]. Obesity in children 
has been linked to increased oxidative stress, which favors the 
development of comorbidities [8]. Previous studies have shown that 
the degree of childhood obesity is closely related to cardiovascular 
morbidity in the adult21. Adverse cardiovascular outcomes are more 
likely when several risk factors are present. Recently, it has been 
suggested that an evaluation of the oxidative state can help to identify 
patients at increased risk for subsequent cardiovascular and metabolic 
complications [22].

Targets phospholipids on the particle surface of LDLc, and 
lipid particle and internal proteins are exposed to oxidation with 
consequent formation of oxidized LDL (oxLDL) and accumulation 
of byproducts such as MDA [23], which is often used as a marker 
oxidative stress. In this context, it is disturbing the findings of this 
study showing the high frequency of children with increased levels 
of LDLc in the groups with (31.4%) or without obesity (22.6%), 
although the average levels of LDLc in both groups remained in the 
desirable limit.

Further, the BMI is associated not only with increased oxidative 
stress, but also with high systemic inflammation and activation 
of the coagulation cascade [24,25]. The elevation of coagulation 
factors and, therefore, blood hypercoagulability may be associated 
with hypertriglyceridemia [24]. This confirms the importance of 
controlling TG levels in childhood, especially children with obesity 
that in the present study showed increased concentrations of TG, 
considered an independent risk factor for CVD in positive correlation 
with levels of VLDL-c and MDA.

The main cause of increased oxidative stress in individuals with 
obesity is not yet fully elucidated. The Framingham Heart Study [26] 
confirms the association between markers of this process and BMI 
and waist / hip ratio, adiposity is the main factor, suggesting that 
higher fat mass also determines greater degree of oxidative stress [27]. 
Other factors in addition to oxidative stress should be highlighted 
for obesity. In this study, multivariate principal component analysis 
identified the association between changes in the lipid profile and 
MDA and the correlation with sex, sedentary lifestyle, breastfeeding 
and familial history of CVD. Thus it was possible to identify the profile 
of children with and without obesity. In this context, it is possible 
that exercise, in addition to power, influencing the total body fat by 
their effect on fat tissue and intracellular TG, can reduce systemic 
inflammation and oxidative stress [19,27], in order that adipocytes 
produce cytokines that stimulate the oxidative pathway [27].

In this study, considering the equivalent factors the combinations 
of variables was also related to breastfeeding, suggesting greater 
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protection against oxidative stress and cardiovascular disease in 
children with obesity. Thus, it is likely that exclusive breastfeeding for 
more than four months is associated with slower weight gain during 
the second semester of the first year, which could be part of the reason 
behind the reduced risk of later overweight or obese [28]. There is also 
evidence that breastfeeding provides likely beneficial effects on blood 
pressure and blood cholesterol levels in adulthood [28]. 

Given the association between obesity, cardiovascular disease and 
family history of CVD in this study as well as in clinical studies in 
general, these data were recorded based on the parent information, 
becoming a limiting factor in the data analysis. The potential 
risk factor for child becoming obese, with consequent chronic 
complications, is the sum of genetic influences and environmental 
factors such as eating habits and family lifestyle [13]. The literature 
is scarce in relation to the prevention studies involving obesity, 
dyslipidemia and markers of lipid peroxidation, especially in children 
and adolescents [9,10,19]. Weight loss programs, including diet and 
physical activity should be encouraged in childhood to reduce the risk 
admittedly increased cardiovascular diseases.

In conclusion, data from this study shows that high levels of TG 
and MDA are associated with obesity in childhood, increasing the 
risk for CVD in men with also increased levels of LDLc. Moreover, 
in females, increased age is related to higher degree of obesity, 
suggesting that controlling for BMI may delay the manifestation of 
CVD and that for normal weight children to breastfeeding history 
associated with high levels of HDL-c, suggests its protective effect for 
CVD. Like other authors [8], we suggest that pediatricians should be 
aware of the importance of assessing the degree of oxidative stress in 
children with obesity in an attempt to reverse this condition as soon 
as possible and thereby preventing the development of comorbidities.
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