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Aim: Obesity is associated with enhanced lipid peroxidation. Malondialdehyde (MDA), one of
several by-products of lipid peroxidation process, is a biomarker that provides an indication
of lipid peroxidation level. It was aimed to determine the oxidant damage in obese children.

Materials and Methods: Thirty two children with obesity and 20 age-matched non-obese
children were evaluated. None of the subjects were receiving any medication that could af-
fect insulin levels, insulin sensitivity, or oxidative stress. After overnight fasting, blood was
drawn from an antecubital vein for determination of biochemical parameters and MDA le-
vels. Insulin resistance was assessed at baseline by using the homeostasis model assess-
ment (HOMA).

Results: Obese group had significantly higher fasting plasma insulin, fasting plasma gluco-
se, plasma cholesterol, LDL-cholesterol and increased blood pressure values as compared
to controls (p<0.05). Serum MDA levels were significantly increased in obese children
(9.856±3.705 µmol/L) when compared with non-obese children (5.43±1.096 µmol/L)
(p=0.001). Significant positive correlations were observed between HOMA-IR values and
body mass index (BMI) (p=0.0001) and between HOMA-IR values and MDA levels
(p=0.003) in all subjects.

Conclusion: These findings suggest that obesity is an important factor for enhanced oxi-
dative stress in children.
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Amaç: Obezite artan lipid peroksidasyonu ile iliþkilidir. Lipid peroksidasyon sürecinin birkaç
yan ürününden biri olan malondialdehid (MDA), lipid peroksidasyon düzeyini yansýtan biyo-
lojik bir belirteçtir. Bu çalýþmada obez çocuklarda oksidan hasarýn belirlenmesi amaçladý.

Gereç ve Yöntem: Otuz iki çocuk ve ayný yaþ grubunda yirmi obez olmayan çocuk deðer-
lendirildi. Olgularýn hiçbiri insülin düzeyini, insülin duyarlýlýðýný veya oksidatif stresi etkileye-
cek ilaç almýyordu. Gece açlýðý sonrasý biyokimyasal parametreleri ve MDA düzeyini belirle-
mek için kan alýndý. Ýnsülin direnci HOMA-IR kullanýlarak deðerlendirildi.

Bulgular: Obez grup kontrol grubuyla karþýlaþtýrýldýðýnda anlamlý olarak yüksek açlýk plaz-
ma insülin, açlýk plazma glukozu, plazma kolesterolü, LDL-kolesterol ve yüksek kan basýn-
cý deðerlerine sahipti (p<0.05). Serum MDA düzeyi kontrol grubuyla (5.43±1.096 µmol/L)
karþýlaþtýrýldýðýnda, obez grupta (9.856±3.705 µmol/L) anlamlý olarak yüksekti  (p=0.001).
Tüm olgularda HOMA-IR deðerleri ile vücut kitle indeksi (p=0.0001) ve HOMA-IR deðerleri
ile MDA düzeyleri arasýnda (p=0.003) anlamlý pozitif korelasyon gözlendi.

Sonuç: Bu bulgular çocuklarda obezitenin, oksidatif stres artýþýnda önemli bir faktör oldu-
ðunu göstermektedir.

Anahtar Sözcükler: çocukluk çaðý obezitesi, insülin direnci, malondialdehid, oksidatif stres
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The cellular defense mechanisms
and their influences against many
diseases were thought to be rela-
ted to obesity complications seen
in adults. The knowledge about
the response to oxidant damage
caused by obesity in childhood is
limited, compared to adult studi-
es (1). Obesity is associated with
enhanced lipid peroxidation. One
of the most frequently used bio-
markers providing an indication
of lipid peroxidation level is the
plasma concentration of malondi-
aldehyde (MDA), one of several
by-products of lipid peroxidation
processes (2). In the present
study, we measured the plasma le-
vels of malondialdehyde in obese
and nonobese children to investi-
gate the relationship of oxidative
stress and insulin resistace. We ai-
med to determine the oxidant da-
mage in obese children.

MATERIALS and METHODS

The study comprised 32 children
with obesity and 20 age-matched
non-obese children. Obesity was
defined as a body mass index
(BMI) greater than the 95th per-
centile of body mass index BMI
for age and sex reported on the
BMI tables (3). Signs of diabetes
mellitus, thyroid disease, renal fa-
ilure and liver disease were not
present in any of the children.
The children were not on a diet
and were not participating in
physical training programs. some
special. None of the subjects were
receiving any medication that co-
uld affect insulin levels, insulin
sensitivity, or oxidative stress. 

Anthropometric measurement was
carried out by the same investiga-
tor. Body weight was determined
to the nearest 0.1 cm by standard
beam scale. Blood pressure was
measured in the supine position

after a rest of 5 minutes. Hyper-
tension was defined as systolic
and diastolic blood pressure gre-
ater than the 95th percentile for
age and sex. Written parental con-
sent and child assent were obta-
ined before study.

After an overnight fast, blood was
drawn from an antecubital vein
for determination of biochemical
parameters and MDA levels. Plas-
ma glucose concentrations were
determined by the glucose oxida-
se method.  Plasma insulin, cho-
lesterol and triglyceride concen-
trations were measured with Roc-
he modular systems analyser. Fri-
edwald formula for LDL and
VLDL were used in calculations.
MDA levels were determined by
fluorometric method by using
thiobarbituric acid (4)

All of the children were given an
oral glucose tolerance test. The
test results were evaluated accor-
ding to the recommendation of
the American Diabetes Associati-
on (5). Insulin resistance was as-
sessed at baseline by using the
homeostasis model assessment
(HOMA). The HOMA-IR was deri-
ved as estimates of insulin sensi-
tivity. HOMA-IR was calculated
using the formula fasting insulin
(U/mL) X fasting glucose
(mmol/L)/22.5 . Insulin resistan-
ce is defined as the levels of the
HOMA-IR greater than 3.16 (6).

Metabolic syndrome was defined
following according to WHO cri-
teria adapted for children. Meta-
bolic syndrome was defined as
having three or more compo-
nents (7).

Analysis was performed using SPSS
version 11.0 software for Win-
dows. Data are reported  as me-
ans ± SD (range). Unpaired t-test
were used for comparisons of the
variables between the obese and

nonobese subjects. Statistical
analysis was performed by Mann-
Whitney U test. Due to the ske-
wed nature of the indexes, vali-
dity was evaluated using Spear-
man correlation coefficients.
p<0.05 was considered signifi-
cant for all the data analyses. 

RESULTS 

The mean ± SD age was 11±1.7
(year), BMI 26.8±3.5 (kg/m2) for
obese children. The mean ± SD
age (year) was 10.3±1.5, BMI
16.06±1.95 (kg/m2) for non-obe-
se children. None of the partici-
pants had diabetes. One child in
obese group had impaired fas-
ting glycemia, and another one
had impaired glucose tolerance.
Metabolic syndrome was absent
in obese children.

Body weight, BMI were signifi-
cantly higher in obese children
as compared to the controls. As it
was expected, the obese group
had significantly higher fasting
plasma insulin, fasting plasma
glucose, plasma cholesterol,
LDL-cholesterol and increased
blood pressure values as compa-
red to controls. The fasting HDL-
cholesterol and triglyceride level
were not significantly different
between obese patients and the
controls. Table-1 shows the bioc-
hemical values, MDA level and
anthropometric indices in obese
and normal control subjects. Se-
rum MDA levels were signifi-
cantly increased in obese chil-
dren compared with non-obese
children (Table-1). The plasma
levels of MDA were significantly
positive correlated with BMI in
all (obese and nonobese) sub-
jects (r=0.506; p<0.05) (Figure
1).

In obese children and non-obese
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children, MDA level didn't corre-
lated with serum cholesterol,
LDL-cholesterol, triglyceride le-
vels (Table 2). 

We observed strong correlations
between insulin concentrations
and HOMA-IR values. Significant
positive correlations were obser-
ved between HOMA-IR values

and BMI in all subjects (r=0.592,
p=0.0001). Significant positive
correlations were observed bet-
ween the plasma levels of MDA
and the serum levels of insulin in
all subjects (r=0.484,
p=0.0001). Significant positive
correlations were observed bet-
ween HOMA-IR values and MDA
level in all subjects (r=0.407,
p=0.003) (Figure 2). 

Significant negative correlations
were observed between HOMA-
IR values and HDL cholesterol le-
vel (r=-0,323, p=0.0019). Signi-
ficant positive correlations were
observed between HOMA-IR va-
lues and VLDL level (r=0.363,
p=0.02). 
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FFiigguurree  11:: Correlation between the plasma lev-
els of MDA and BMI in all (obese and
nonobese) children.

FFiigguurree  22..::  Correlation between the plasma
levels of MDA and HOMA-IR in all (obese and
nonobese) children.

TTaabbllee  11..  Characteristics of obese and non-obese children (BMI body mass index, BP blood pressure, LDL low-density lipoprotein, HDL

high-density lipoprotein MDA malondialdehyde)

Obese children                           Non-obese children

32                                20
Age (months)                          132.44±21.74                            124.05±19.43                           
BMI (kg/m2)                          26.85±3.51*                             16.06±1.95
Systolic BP (mmHg)              104.69±12.95                            95.0±13.95
Diastolic BP (mmHg)             70.94±11.74                              61.0±7.18
Fasting glucose (mmol/L)         5.06±0.42*                                4.65±0.49
Fasting insulin (U/mL)             15,95±11.01*                            5.26±1.59
Cholesterol (mg/dL)                 160.09±35.47*                          138.05±17.80
LDL-cholesterol (mg/dL)         97.97±27.77*                            75.15±17.13
HDL-cholesterol (mg/dL)         43.34±7.8                                 50.15±15.59
Triglycerides (mg/dL)               89.19±47.47                      70.20±24.7
HOMA-IR                                3.96±2.72*                                1.21±0.55
MDA (Mmol/L)                         9.85±3.7* 5.43±1.09  

Values are mean s±d. *p<0.05

TTaabbllee  22  Correlation coefficients (r) among MDA, BMI, and lipid fractions in obese children

((nn==3322))      ((AA))  

BMI                 Cholesterol             LDL-Cholesterol        Triglyceride

MDA                        0.506 *            -0.013                     -0.15                        0.041

*p<0.05
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DISCUSSION

The differences between the mean
age distribution of the obese and
control groups were not statisti-
cally significant (p>0.05). The si-
milar mean age of groups has eli-
minated the influence of age on
oxidative stress in the study. 

Obese subjects are at high risk for
atherosclerosis. Some disturban-
ces have been detected in lipid
metabolism and pro-oxidant-an-
tioxidant balance in obese sub-
jects (8,9). High serum choleste-
rol, LDL-cholesterol, and trigl-
yceride and HDL-cholesterol le-
vels have been detected in obese
subjects (9-11). When lipid profi-
les of both groups in our study
were compared, although there
were significant increases in cho-
lesterol and  LDL levels in the
obese group, these levels were in
normal ranges (p<0.05). Lipid
peroxidation play an important
role in atherosclerosis pathoge-
nesis. Cholesterol is believed to
be the main risk factor in athe-
rosclerosis pathogenesis and its
pro-oxidant effect has been pro-
ved. Plasma lipid peroxide con-
centrations are high in hyperlipi-
demic patients (12). Although
there were significant increases
in lipid levels in obese group,
these levels were in normal ran-
ges and this may be the reason
for the absence of corelation bet-
ween MDA level and cholesterol,

LDL-cholesterol and triglyceride
levels in our study. 

The relationship between insulin
resistance and fasting lipids can
be explained through the effect
of insulin on lipoprotein meta-
bolism. Insulin plays a central ro-
le in determining triglyceride cle-
arance from the blood via activa-
tion of lipoprotein lipase and
triglyceride output through ef-
fects on the synthesis and secre-
tion of VLDL by the liver. It is
thought that in the insulin-resis-
tant state, triglyceride-rich lipop-
roteins accumulate in the circu-
lation due to decreased activity
of lipoprotein lipase, increased
lipolysis in adipose tissue, and
increased output of VLDL partic-
les from the liver (13-14). The
delay in plasma lipoprotein trigl-
yceride clearance allows for cho-
lesterol esters to be passed on
from HDL to triglyceride-rich
particles, wich results in potenti-
ally atherogenic lipoprotein par-
ticles (15). Although VLDL and
HDL levels were in normal ran-
ges in obese group, we speculate
that increased VLDL and decre-
ased HDL with increased HOMA-
IR may show the atherogenic ac-
tivity of insulin resistance in our
study. 

MDA assay of serum is the most
frequently used method in clini-
cal practice because of its sensi-
tivity and simplicity, although se-

veral substances interfere with
this assay (16). In this study, se-
rum lipid peroxidation was eva-
luated by measuring MDA level
in obese children. Previous stu-
dies have shown that the mean
MDA levels are higher in obese
individuals compared to nono-
bese healthy controls (17-19). It
is also shown that obesity is as-
sociated with increases in endo-
genous lipid peroxides (20) . Re-
cently, Dandona et al. (21) re-
ported that the ratio of oxidative
damage to lipids, proteins, and
amino acids is increased in obe-
se subjects. Significant decrease
in oxidative stress after dietary
restriction and weight loss has
also been reported in obese sub-
jects (21,22). In our study we al-
so found high MDA levels in obe-
se subjects than in nonobese
ones like the general conclusion
in these studies which is; obesity
caused an oxidative stress by
amplifying the lipid peroxidati-
on products.

These findings suggest that obesity
is an important factor for enhan-
ced oxidative stress. When the
interaction of oxidative stress
with obesity complication, hype-
rinsulinemia and insulin resist-
nace, is obtained, the risk of life-
threating results should be ex-
pected. Serious interventions in
the childhood period may pre-
vent future obesity-related oxida-
tive damages. 
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