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Plasma lipid profile and lipid peroxidation
in overweight or obese children and adolescents
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Abstract
Objective: To study the plasma lipid profile and lipid peroxidation in overweight or obese children and
adolescents receiving care at the pediatric endocrinology clinic in HOSPED/UFRN, a university hospital.
Methods: Three groups were studied: overweight (n = 15), obese (n = 30) and control (n = 21) children and
adolescents. To evaluate plasma lipid profile, total cholesterol, LDL-cholesterol, HDL-cholesterol and triglyceride
levels were measured. Lipid peroxidation was determined by measuring malondialdehyde concentration. Data were
analyzed using Students t test, Tukey test, ANOVA and Pearsons correlation.
Results: Altered levels of total and LDL-cholesterol were observed mainly in overweight or obese males. HDLcholesterol was borderline in the overweight and obese groups of both sexes. Obese females had the highest levels
of triglycerides. Increased plasma lipid peroxidation was observed mainly in obese males.
Conclusion: In the present population, the greatest alterations in lipid profile were observed in obese and
overweight males. Plasma lipid peroxidation was more evident in obese males and females.
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Introduction
Some evidence suggests that the prevalence of
overweight and obesity has significantly increased in
the pediatric population, warning against a worldwide
epidemic. This is alarming, because metabolic changes
and the consequences of obesity, formerly observed
only in adults, are now observed in younger individuals.1

1974/75) with the data yielded by the Living Standards
Measurement Survey (LSMS), conducted in 1996/97,
we note an increase from 4.1% to 13.9% in the prevalence
of overweight and obesity in children and adolescents
aged between 6 and 18 years in the southeast and
northeast of Brazil. 2

In Brazil, demographic, socioeconomic and
epidemiological changes have allowed for a transition in
nutritional patterns. By comparing the data obtained
from the National Survey on Family Expenditure (ENDEF-

The potential risk factor for a child becoming obese is
the frequency of obesity among family members, including
genetic and environmental factors, such as eating habits,
which determine energy intake and the familys lifestyle. 3
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Epidemiological studies have shown a higher incidence
of cardiovascular diseases in populations with high levels
of total cholesterol and of LDL-cholesterol, and with low
levels of HDL-cholesterol.4,5 A study with obese children
and adolescents, with a median age of 11 years and 10
months for boys and 10 years and 9 months for girls,
showed abnormal HDL values in (68.75%) of the patients
and a high incidence of elevated triglyceride (35%) and
VLDL (37%) levels.6
There is a paucity of studies concerning the prevention
of obesity and dyslipidemia, and on the markers of lipid
peroxidation, especially in children and adolescents.
However, when complications of obesity are already
established, as in coronary artery diseases, positive
correlations are observed between markers of lipid
peroxidation (MDA), total cholesterol and triglycerides
(TG), and negative ones are noted with HDL.7
LDL oxidation may be present in specific phospholipid
targets on the particle surface (the so-called minimally
oxidized LDL) or cause lipid and protein oxidation inside
the particle. Consequently, there is a buildup of byproducts such as malondialdehyde (MDA), considered to
be a marker of oxidation.8 Thus, oxidized LDL turns
macrophages into foamy cells and also increases adhesion,
activation and migration of monocytes, resulting in the
formation of atheromatous plaques.9
The early detection of lipid peroxidation in obese
children and adolescents may help to delay or prevent
chronic complications. In this regard, the aim of the
present study was to investigate the lipid profile and
peroxidation in the plasma of overweight and obese
children and adolescents.

Methods
A matched case-control study was carried out with
both male and female children and adolescents between
January 2001 and December 2002 at the Pediatric
Endocrinology Outpatient Clinic of the Childrens Hospital
of Universidade Federal do Rio Grande do Norte (UFRN),
in Natal, Brazil. We assessed a sample of 45 patients
among those 63 who were treated at the outpatient clinic
during the study period, of whom 15 were diagnosed with
overweight and 30 with obesity. The sample size, including
the overweight, obesity, and control groups (66) was
calculated with a 95%CI and a 6% margin of error.
Patients were selected according to the following inclusion
criteria: children or adolescents aged between 6 and 16
years, diagnosis of overweight or obesity according to the
body mass index (BMI). The exclusion criteria were:
absence of genetic syndromes associated with obesity or
with any chronic diseases. Of 63 patients, five were not
included because they were younger than six years, four
had a chronic disease either detected or reported at the
time of consultation, two had Prader-Willi syndrome, and
seven did not show up for the scheduled exams or tests.
Therefore, the final sample consisted of 45 patients.
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The control group included
21 children and
adolescents among those selected by the clinical
screening service of UFRN. These patients were clinically
evaluated by a physician and a nutritionist (authors of
the study). Of the 30 patients selected for the control
group, four were excluded from the study because they
revealed an abnormal lipid profile and five because they
did not show up for the tests. The following inclusion
criteria were used for the control group: healthy nutrition,
considering BMI 50th percentile, plasma lipid profile
with desirable values and absence of chronic diseases.
When matching the groups, some patients in the control
group were matched with more than one patient, provided
that the gender, age (with a variation up to six months),
and level of sexual maturation (nonpubertal and pubertal)
were the same, according to Tanner classification.10
The study was approved by the Research and Ethics
Committee of UFRN. Parents or guardians gave their
written consent after they received detailed and specific
information about the risks and benefits of the study.
The BMI was used for the anthropometric assessment,
using the cutoff points established by Must et al. 11 and
recommended by the World Health Organization, which
define overweight as the values between the 85th and
95th percentiles; and obesity as the values above the
95th percentile.
Lipid profile was assessed by way of total cholesterol,
LDL-cholesterol, HDL-cholesterol and TG, according to
Kwiterovich 12 reference values, determined by the
enzymatic colorimetric assay, using LABTEST reagents.
LDL-cholesterol values were obtained through Friedewald
formula.
The concentration of lipid oxidation products in the
plasma (MDA) was determined by the product that
resulted from the reaction between thiobarbituric acid
(TBA) and the aldehydes produced during lipid oxidation.
The results were expresses in hmols/mL of plasma. 13
The data were analyzed by STATISTICA version 5,
using Students t tests for BMI, analysis of variance
(ANOVA), Tukey test, and Pearsons correlation
coefficient for total cholesterol, LDL, HDL, TG and MDA
between groups. A p value < 0.05 was established as
statistically significant.

Results
Of 66 children and adolescents, the mean ages in the
overweight group were 11.53±2.38 years (range: 8.6 
14.2) in males, and 12.00±1.49 years (range: 10.2 
14.9) in females; the mean ages in the obesity group
were 11.05±1.78 years (range: 7.6  13.5) in males
and 10.75±3.17 years (range: 6.1  15.6) in females,
and the mean ages in the control group were 11.24±2.37
years (range: 7.8  14.7) in males and 11.51±3.12
years (range: 6.0  15.1) in females.
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With regard to the pubertal stage, fourteen (21.2%)
boys were at stage 1, twelve (18.2%) at stage 2, and four
(6%) at stage 3. As for the girls, ten (15.1%) were at stage
1, nine (13.7%) at stage 2, eight (12.1%) at stage 3, and
nine (13.6%) at stage 4 (Table 1).

levels in the female obesity group were high, with a
statistically significant difference (p = 0.006) between
the female obesity group and the male control group.
Figure 1 shows higher MDA levels in the male obesity
group, differently from the male control group (p =
0.0002) and female control group (p = 0.0005); as well
as in the female overweight group (p = 0.0156). The
female obesity group showed statistical difference only
in relation to the male group when compared to the
control groups (p = 0.0243).

The general characteristics of the groups are shown in
Table 2. BMI was statistically different (p = 0.001)
between the overweight and obesity groups, compared to
the control group.
Table 3 shows the lipid profile of the patients. The
male overweight and obesity groups had borderline
levels of total cholesterol. Elevated LDL-cholesterol
levels also considered to be borderline were detected in
the male overweight group, but no statistically significant
difference was observed. HDL-cholesterol levels in the
male and female overweight and obesity groups are
within the borderline reference values. Triglyceride

Table 1 -

In the male obesity group, there was a positive
correlation (r = 0.5194, p = 0.057) between BMI and
total cholesterol and a negative correlation in the female
group (r = -0.4280, p = 0.098) between BMI and HDLcholesterol, but no statistical difference was observed.
No significant correlations were found between lipid
profile and MDA.

Pubertal stage classification of children and adolescents of the overweight, obesity and control groups seen
at the Pediatric Endocrinology Outpatient Clinic of UFRN

Groups

Puberal stage (Tanner)

Diagnosis

Sex

M1(G1)P1

M2(G2)P2

M3(G3)P3

M4(G4)P4

Total

Control

Male

5

7.6%

4

6.1%

1

1.5%

0

0.0%

Control

Female

3

4.5%

4

6.1%

1

1.5%

3

4.5%

11

Obesity

Male

8

12.1%

5

7.6%

1

1.5%

0

0.0%

14

10

Obesity

Female

7

10.6%

1

1.5%

4

6.1%

4

6.1%

16

Overweight

Male

1

1.5%

3

4.5%

2

3.0%

0

0.0%

6

Overweight

Female

0

0.0%

4

6.1%

3

4.5%

2

3.0%

9

24

36.3%

21

31.9%

12

18.1%

9

13.6%

66

Total

Table 2 -

General characteristics of the children and adolescents of the overweight, obesity and control groups seen
at the Pediatric Endocrinology Outpatient Clinic of UFRN
Overweight

General
characteristics

Male
(n = 6)

Female
(n = 9)

Obesity
Male
(n = 14)

Female
(n = 16)

Control
Male
(n = 10)

Female
(n = 11)

Age (years)

11.53±2.38

12.00±1.49

11.05±1.78

10.75±3.17

11.24±2.37

11.51±3.12

Height (cm)

145.50±14.79

148.09±7.33

148.78±11.02

146.29±15.18

149.27±15.87

141.15±18.38

Weight (kg)

53.23±16.02

48.82±6.50

61.00±17.52

60.69±20.34

40.30±12.61

35.95±11.52

24.68±3.91*

22.22±1.13*

26.45±3.37*

27.45±4.29*

17.61±1.79

17.47±1.76

BMI

(kg/m2)

Mean+standard deviation
* There was a significant difference (ANOVA) of BMI between the overweight and obesity groups compared to the control group (p = 0.001)
BMI = current weight/height (m2).
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Lipid profile of the children and adolescents of the overweight, obesity and control groups seen at the Pediatric
Endocrinology Outpatient Clinic of UFRN
Overweight

Lipid profile

Obesity

Control

Male
(n = 6)

Female
(n = 9)

Male
(n = 14)

Female
(n = 16)

Male
(n = 10)

Female
(n = 11)

Total cholesterol
(mg/dl)

182.42±43.68

152.78±39.10

173.82±41.24

148.97±43.68

153.15±22.38

151.07±23.32

LDL-cholesterol
(mg/dl)

125.62±43.04

93.24±40.48

109.56±39.08

82.17±39.37

92.05±26.78

88.03±18.60

HDL-cholesterol
(mg/dl)

37.92±8.95

39.72±8.62

40.18±10.29

39.03±9.17

50.00±18.33

46.46±13.46

94.75±44.05

99.83±65.02

55.31±16.27

82.58±25.38

Triglycerides
(mg/dl)

120.43±48.81 139.05±68.43*

Mean+standard deviation.
* There is a significant difference (ANOVA) for triglycerides between the female obesity groups and the male control group (p = 0.006).

Discussion
The findings of the present study are consistent with a
previous pilot study conducted with a subgroup at the
same outpatient clinic, in which a prevalence of 76.9% of
obese children and adolescents and a prevalence of 23.1%
of overweight children and adolescents were observed.14

cholesterol levels in the overweight and obesity groups
were similar to the ones observed in the American
population, whose cholesterol levels were 168 mg/dl in
males and 173 mg/dl in females;4 which are higher than
those obtained by Moura et al.15

BMI did not show any difference between genders in
the overweight and obesity groups, as also observed by
Valverde et al.6 in children and adolescents.

There was a propensity for hypercholesterolemia in
the overweight and obesity groups, especially in male
patients, which might have been influenced by the
frequency of pubertal girls (nine in the overweight
group and nine in the obesity group). Hormonal changes,
found at this stage, may act as a protective factor

The lipid profile of the overweight and obesity groups
showed mean concentrations, with borderline or
undesirable values, especially in male patients. Total

3.0
2.27±0.44*
2.5

1.92±0.47*

MDA (nmol/dl)

1.70±0.42
2.0
1.45±0.31

1.59±0.40

1.34±0.51

1.5

1.0

0.5

0

Control
Female

Obesity
Male

Overweight
* ANOVA, p< 0.05

Figure 1 - MDA levels of children and adolescents of the
overweight, obesity and control groups seen in the
Pediatric Endocrinology Outpatient Clinic of UFRN.
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against changes in lipid profile. Before and after
menarche, changes in lipid profile are sensitive to the
influence of sex hormones, especially estrogen, which
has a favorable effect on lipoproteins by increasing HDLc and reducing LDL-c levels. In this context, females are
at an advantage during adolescence and adulthood. 16
Contrary findings were obtained from students in
Campinas.17
The Framingham study revealed a continuous increase
in the risk for coronary artery disease when cholesterol
exceeded 180 mg%.18 By analyzing the overweight and
obesity groups, we found 12 children and adolescents at
risk (four girls and eight boys).
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Our conclusion is that there was some difference as to
lipid profile between genders, with elevated levels of total
cholesterol and LDL-cholesterol in the male overweight
and obesity groups, whereas high triglyceride levels
predominated in the female obesity group. The high lipid
peroxidation detected in the plasma of patients in the male
and female obesity groups is an alert to the clinical
management of obesity in pediatric patients, which should
give special attention to the possible chronic complications
of the disease.
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HDL-cholesterol, which acts as protective factor against
heart diseases, showed borderline values in the groups of
patients, with lower levels than those found by Webber et
al.4 and slightly higher levels than those observed by
Moura and Sonati.19 In the overweight and obesity groups,
we found 10 girls and 12 boys with HDL < 40 mg/dl.
Gerber and Zielinsky analyzed the risk factors for
atherosclerosis in childhood and found out that 31 of the
children had an HDL < 40 mg/dl associated with total
cholesterol > 180 mg/dl.20 Four (8.7%) patients in the
overweight and obesity groups were at risk for
atherosclerosis.

2.

We observed a higher prevalence of undesirable TG
levels in the male obesity group (35.7%) and in the female
obesity group (50.0%), corroborating the findings of
Valverde et al.,5 who investigated 74 obese children and
adolescents and found abnormal HDL levels in 68.75% of
the sample, in addition to elevated TG and VLDL levels.
Changes in MDA as a marker of lipid peroxidation, seen
in overweight and obese children and adolescents, may be
considered a potential risk factor for cardiovascular
complications. Elevated lipid peroxidation has been detected
in the plasma of patients with angina pectoris21 and
coronary artery diseases.22
Plasma lipid peroxidation was an important marker of
obesity, due to the high MDA levels observed, especially
in male obese patients, who also showed borderline levels
for total cholesterol. The analysis of range intervals of this
variable indicates that the lower level observed in the
obesity group (1.92±0.47) is higher than the mean value
found in the control groups (1.34±0.51). High MDA levels
were observed in the male overweight group, which
revealed a higher rate of undesirable LDL-c levels (50%),
although no statistically significant difference was found.
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