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0.0001).  Conclusions:  This result confirms that fat accumula-
tion plays a key role in the pathogenesis of systemic oxida-
tive stress already during pediatric age. 
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 Introduction 

 Oxidative stress, which occurs as a consequence of an 
imbalance between the formation of reactive oxygen spe-
cies (ROS) and their inactivation by antioxidant defense 
system  [1] , plays an important role in the pathogenesis of 
inflammation, endothelial dysfunction and atheroscle-
rotic vascular disease  [2–4] . Adipose tissue is the major 
source of ROS production, and fat accumulation is close-
ly related to increased oxidative stress via NADPH oxi-
dase activation  [5, 6] . The increase in ROS in accumu-
lated fat leads to the deregulated production of adipocy-
tokines, as well as tumor necrosis factor-alpha, interleu-
kin-6, plasminogen activator inhibitor, adiponectin, and 
to an increase of systemic oxidative stress with the in-
volvement of other organs including the liver, skeletal 
muscle and the aorta  [6, 7] . The increased ROS secretion 
into peripheral blood is also involved in the induction of 
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 Abstract 

  Background/Aims:  The aim of this study was to investigate 
the alterations in the oxidant/antioxidant status in obese 
children with and without metabolic syndrome (MetS). 
 Methods:  We recruited 25 Caucasian obese children with 
MetS, 30 Caucasian children with simple obesity and a con-
trol group of 30 Caucasian children. We performed diacron-
reactive oxygen metabolites (d-ROMs) test and biological 
antioxidant potential (BAP) test in order to evaluate the oxi-
dant-antioxidant status in recruited patients.  Results:  d-
ROM level was significantly higher in obese children with 
and without MetS (p = 0.005). The total antioxidant capacity 
(BAP level) was reduced in MetS and noMetS children com-
pared to controls (p = 0.009). The subjects without MetS had 
higher d-ROMs test and lower BAP/d-ROMs ratio than sub-
jects with MetS (although not significant). The ratio BAP/d-
ROMs was higher in controls than noMetS and MetS children 
(p  !  0.0001). d-ROM level was higher in prepubertal subjects 
with MetS than pubertal ones (p = 0.03). A direct correlation 
was found between d-ROM levels and BMI SDS (p = 0.0005), 
while an inverse correlation was found between BAP and 
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insulin resistance (IR), through the impairment of both 
pancreatic  � -cell insulin secretion and glucose transport 
in skeletal muscle and adipose tissue  [6, 8] . More recently, 
it has been demonstrated that free fatty acids, which are 
elevated in obese subjects, serve as signaling molecules 
activating protein kinases such as protein kinase C, jun 
kinase and the inhibitor of nuclear factor-kb kinase- � . 
These kinases can then impair insulin signaling by in-
creasing the inhibitory serine phosphorylation of insulin 
receptor substrates, the key mediators of insulin receptor 
signaling  [9] .

  The decreased insulin sensitivity represents one of the 
main pathogenic mechanism underlying metabolic syn-
drome (MetS), a multifactorial condition characterized 
by several risk factors for atherosclerosis, including hy-
perglycemia, dyslipidemia, hypertension and abdominal 
obesity  [10, 11] . Oxidative stress has been demonstrated 
to be an early instigator of the obesity-associated develop-
ment of MetS in obese mice  [6] . Moreover, MetS has also 
been independently associated with elevated systemic ox-
idative stress because of the impairment of the antioxi-
dant activity of small-, high-density lipoprotein (HDL) 
subfractions,   closely related to the presence of hypertri-
glyceridemia, hyperinsulinemia, and IR in subjects with 
MetS phenotype  [12] . A synergistic effect of obesity and 
MetS on biomarkers of oxidative stress and inflammation 
has been demonstrated in adult subjects  [13] . Moreover, 
the risk of cardiovascular heart disease (CHD) is mark-
edly greater in obese middle-aged men with MetS than in 
those without MetS  [14] . However, little is known about 
the relationship between oxidative stress and MetS phe-
notype in obese children.

  The aim of this study was to investigate the alterations 
in the oxidant/antioxidant status in prepubertal and pu-
bertal obese children with and without MetS, and to eval-
uate the influence of obesity and MetS phenotype on bio-
markers of oxidative stress during pediatric age.

  Materials, Subjects and Methods 

 Subjects 
 We recruited 55 consecutive Caucasian obese children who 

had been referred to the Department of Pediatrics of the Univer-
sity of Bari, Italy, between March 2009 and January 2010. All the 
subjects were affected by severe obesity (BMI  1 2 SD for the mean 
for age and sex). Twenty-five of them had MetS (12 males; 11 pre-
pubertal; mean age 11.9  8  3.2 years), and the remaining 30 had 
simple obesity (noMetS; 14 males; 15 prepubertal; mean age 10.9 
 8  3.2 years). Exclusion criteria were endocrinological disorders 
or genetic syndromes associated with obesity, acute infection or 
presence of diseases that could have an influence on oxidative 

stress (i.e. asthma). Also excluded from the study were subjects 
who were under some form of medication (i.e. antioxidant vita-
mins such as ascorbate, tocopherols, alphacarotene, or polyphe-
nol-containing nutraceuticals) during or a week before the blood 
samples were taken.

  All recruited children had the same consumption of fruits, 
fruit or vegetable juices, tea, coffee or other dietary antioxidants 
as they had received dietary and behavioral recommendations 
and they had monitoring visits every 3 months.

  The children with MetS were diagnosed according to the up-
to-date definitions by Cook et al.  [15] , in the presence of three of 
the following criteria: elevated triglycerides, low HDL cholesterol, 
elevated blood pressure, abdominal obesity measured as waist cir-
cumference, and hyperglycemia. Twenty out of the 25 MetS sub-
jects (80%) had abdominal adiposity, 10 out of 25 (40%) hyperten-
sion, 5 out of 25 (20%) HDL cholesterol  ! 5th percentile, 5 out of 
25 (20%) hyperglycemia (fasting glucose  6 110 mg/ dl), and 9 out 
of 25 (36%) elevated triglyceride levels.

  The children with noMetS had normal lipid profiles, amino-
transferases, fasting glucose levels and insulinemia.

  As control group, 30 Caucasian normal-weight children (15 
males; 16 prepubertal; mean age 10.4  8  3.9 years; BMI  ! 1.7 SD), 
who had been admitted to our Department of Pediatrics for minor 
diseases, were recruited. Exclusion criteria were hypertension, 
dyslipidemia and acute infections.

  Informed consent was obtained from the parents and the chil-
dren. All the procedures used were in accordance with the guide-
lines of the Helsinki Declaration on Human Experimentation.

  Anthropometric Measurements 
 All the children underwent a medical visit to assess general 

health status, including anthropometric parameters. Standing 
height (H) was measured by a wall-mounted Harpenden Stadiom-
eter and weight (W) with patient in underwear was measured by 
an electronic scale with digital readings accurate to 0.1 kg. Waist 
circumference was measured midway between the lower rib mar-
gin and the iliac crest in the standing position and at the end of a 
gentle expiration. BMI was calculated by dividing W in kilograms 
by the square of H in meters. Obesity was defined in presence of 
BMI greater than 95th percentile for age and sex, in   accordance 
with Italian growth charts  [16] . In addition ,  BMI SDS was derived 
from population standards  [16] . Pubertal development was as-
sessed according to the criteria of Tanner  [17] . Blood pressure was 
measured three times while the subjects were seated by using a 
standard Riva-Rocci sphygmomanometer with an appropriate 
size cuff and a stethoscope, and the two last measurements were 
averaged for the analysis according to the American Heart As-
sociation guidelines  [18] . Hypertension was defined as mean
systolic blood pressure (SBP) and mean diastolic blood pressure 
(DBP) higher than the 95th percentile for age after adjustment for 
height  [18] .

  Laboratory Procedures 
 Biochemical Analysis  
After an overnight fast, blood samples were taken from the 

study population and the controls to evaluate lipid profile, fasting 
insulin and glucose. Total cholesterol, HDL cholesterol, low-den-
sity lipoprotein (LDL) cholesterol, triglycerides and glucose con-
centrations were measured by using an automated analyzer 
(Roche Diagnostics, Mannheim, Germany). Serum insulin was 
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measured by a chemiluminescent assay (DPC, Los Angeles, USA). 
In order to ascertain IR status, the homeostasis model assessment 
of IR (HOMA-IR) was calculated according to the following for-
mula: [fasting insulin ( � U/ml)  !  fasting glucose (mmol/l)]/22.5 
 [19] . As marker of inflammation, C-reactive protein (CRP) levels 
were measured by an ultrasensitive immunoturbidimetric assay 
(CRP Latex HS, Roche Diagnostics).

 Oxidant-Antioxidant Status 
 Systemic oxidative stress was studied by measuring   serum   hy-

droperoxide concentration by means of a commercially available 
spectrophotometric method (diacron-reactive oxygen metabo-
lites, d-ROMs, test, Diacron International S.a.S., Grosseto, Italy) 
 [20] . Hydroperoxides are the products of dehydrogenation and 
peroxidation of several cellular components, including proteins, 
peptides, amino acids, lipids and fatty acids. When a biological 
sample is dissolved in an acidic buffer, the hydroperoxides react 
with the transition metal irons liberated from the proteins in acid-
ic medium, and are converted to alkoxyl (R-O  �  ) and peroxyl
(R-OO  �  ) radicals, according to Fenton’s reaction. Such radicals, in 
turn, are able to oxidize an alkyl-substituted aromatic amine (A-
NH2, which is solubilized in a chromogenic mixture) and thus to 
transform it in a pink-colored derivative. Finally, this colored de-
rivative is spectrophotometrically quantified (absorption at 505 
nm). The intensity of developed colour is directly proportional to 
the concentration of ROMs, according to Lambert-Beer’s law. The 
serum levels of the d-ROMs range from 250 to 300 Carratelli 
Units (U.CARR), where 1 U.CARR corresponds to 0.8 mg/l H 2 O 2 /
dl. Values higher than 300 U.CARR indicate increasing levels of 
oxidative stress  [21] .

  The biological antioxidant potential (BAP test) was measured 
by a spectrophotometric method (Diacron International), which 
determines the ability of plasma barrier components (e.g. pro-
teins, bilirubin, uric acid, cholesterol, etc.) to give ‘reducing 
equivalents’ (i.e. electrons or hydrogen atoms) to reactive species, 
which thus would avoid dangerous radical chains  [22] . Therefore, 
in the BAP test, plasma sample is dissolved in a colored solution 
that has been previously obtained by mixing a source of ferric 
ions (FeCl 3 , ferric chloride) with a chromogenic substrate. By 

spectophotometrically assessing the intensity of discoloration, 
the amount of reduced ferric ions can be calculated and the anti-
oxidant power of blood plasma tested can be measured. The ref-
erence values of BAP, which are expressed in terms of iron-reduc-
ing activity by using C vitamin as antioxidant, are  1 2,200  � mol/l 
for an optimum status,  ! 1,600  � mol/l for a deficient status and 
 ! 1,400  � mol/l for a high deficiency status, as determined by BAP 
method  [22] .

  In order to highlight the differences between antioxidant and 
pro-oxidant potential, for the first time we have studied the ratio 
between BAP and d-ROMs. 

 Statistical Analysis 
 Data are presented as mean  8  standard deviation (SD). The 

 �  2  test or Fisher’s exact test was used, as appropriate, to compare 
percentages and nominal variables. For comparison of continu-
ous variables, we used the Student’s t test. The Kruskal-Wallis test 
was used for inter-group comparisons. Sperman’s rho correlation 
test was used to investigate the relationship between continuous 
variables. A probability (p) value  ! 0.05 was considered signifi-
cant. Statistical analyses were performed by using SPSS 13.

  Results 

 Baseline Characteristics 
 Baseline clinical characteristics and anthropometric 

measurements of all the subjects are reported in  table 1 . 
The three groups (Mets, noMetS and controls) were ho-
mogeneous for gender, age and pubertal stage. SBP mea-
surement was significantly different between the three 
groups (p  !  0.0001), and increased SBP values were found 
in the MetS subjects as compared to the noMetS ones
(p  !  0.0001), while DBP was not different in the popula-
tion of the obese children as compared to the controls.

Table 1. B aseline clinical characteristics and anthropometric measurements of the study population

MetS (n = 25) noMetS (n = 30) Controls (n = 30) p value

Age, years 11.983.2 10.983.2 10.483.9 NS
Males/females 12/13 14/16 17/13 NS
Pubertal stage 14 pubertal (6/8) 15 pubertal (6/9) 14 pubertal (8/6) NS
Tanner I/II/III/IV 0/0/12/2 0/3/9/3 0/4/5/5

Weight SDS 2.0280.7* 1.9880.65* –0.1080.8 <0.0001
Height SDS 0.4381.14 0.2781.26 –0.0981.09 NS
BMI SDS 2.1480.46* 2.380.35* 0.3780.46 <0.0001

Waist circumference, cm 96813.0* 92811* 7185.3 <0.0001
SBP SDS 1.1681.2*, † 0.2380.8* –0.0480.94 <0.0001
DBP SDS 0.2780.94 –0.0880.83 0.0780.81 NS

F igures in parentheses indicate number of males/females. * p < 0.05 vs. controls; † p < 0.05 vs. noMetS sub-
jects.
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  Laboratory Investigation 
The biochemical characteristics of the study popula-

tion are reported in  table 2 .
 As expected, all the biochemical parameters were sig-

nificantly higher in the obese as compared to the con-
trols, except for total cholesterol and LDL cholesterol. 

The children with MetS have significantly higher lev-
els of fasting glucose (p = 0.03), insulin (p = 0.009), 
HOMA-IR (p = 0.004), triglycerides (p = 0.009) and CRP 
(p = 0.03) than the noMetS ones.

  Oxidant-Antioxidant Status 
 The oxidant-antioxidant status of the study popula-

tion is reported in  table 3 .
  d-ROM level was significantly higher in the MetS and 

noMetS obese children (416.4  8  88.7 and 446.1  8  98.9 
U.CARR, respectively) as compared to the controls (357.8 
 8  78.5 U.CARR; p = 0.005). The total antioxidant capac-
ity (BAP level) was reduced in the obese children with 
and without MetS (2,067  8  530 and 2,168  8  473  � mol/l, 
respectively) compared to the controls (2,438  8  466.7 
 � mol/l; p = 0.009). No significant differences were found 
in d-ROM and BAP levels between the MetS and noMetS 

subjects. In addition, as reported in  table 3 , subjects with-
out MetS had higher d-ROMs test and lower BAP/d-
ROMs ratio than subjects with MetS (although not sig-
nificant). The BAP/d-ROMs ratio was significantly high-
er in the controls as compared to the noMetS and MetS 
children (6.85  8  1.67 vs. 4.98  8  1.20 and vs. 5.14  8  1.56; 
p  !  0.0001).

  Oxidant-Antioxidant Status in Pre-Pubertal and 
Pubertal Subjects 
 d-ROM level was higher in the prepubertal subjects 

with MetS as compared to the pubertal ones (p = 0.03; 
 fig. 1 ). No differences were found in relation to pubertal 
stage in the noMetS children. Moreover, no differences 
were found in relation to the gender in the study popula-
tion.

  Correlation between Oxidant-Antioxidant Status and 
Clinical and Biochemical Parameters 
 A direct correlation was found between d-ROM level 

and BMI SDS (p = 0.0005; r 2  = 0.14), while an inverse cor-
relation was found between BAP and BMI SDS (p = 0.004; 
r 2  = 0.04) and BAP/d-ROMs and BMI SDS (p = 0.0001;

Table 2. B iochemical characteristics of the study population

MetS
(n = 25)

noMetS
(n = 30)

Controls
(n = 30)

p value

Fasting glucose, mg/dl 90.8810.4*, † 84.689.2* 81.188.1 0.0008
Fasting insulin, �U/ml 23.288.6*, † 14811.1* 9.784.5 <0.0001
HOMA-IR 4.282.2*, † 1.680.80* 1.380.33 <0.0001
Total cholesterol, mg/dl 158823.7 150823.1 144818.3 NS
LDL cholesterol, mg/dl 89.3817.9 89.3830.3 78.1821 NS
HDL cholesterol, mg/dl 45.5812.2* 51.989.2* 58.689.3 0.0002
Triglycerides, mg/dl 112.9861* 79.2858.6* 58817.8 0.0001
CRP, mg/l 3.884.1*, † 1.982.1* 0.780.3 0.0002

*  p < 0.05 vs. controls; † p < 0.05 vs. noMetS subjects.

Table 3. O xidant/antioxidant status of the study population

MetS
(n = 25)

noMetS
(n = 30)

Controls
(n = 30)

p value

d-ROMs test, U.CARR 416.4888.7* 446.1898.9* 357878.5 0.005
BAP test, �mol/l 2,0678530* 2,1688473.5* 2,4388466.7 0.009
BAP/d-ROMs ratio 5.1481.5* 4.9881.2* 6.8581.6 <0.0001

*  p < 0.05 vs. controls.
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r 2  = 0.2;  fig. 2 ). Moreover, we found an inverse correlation 
between BAP/d-ROMs ratio and waist circumference
(r 2  = 0.1), total cholesterol (r 2  = 0.06), triglycerides (r 2  = 
0.04) and CRP (r 2  = 0.03). 

  Discussion 

 In our study, a significant impaired oxidant/antioxi-
dant status has been documented in obese children with 
and without MetS. This result confirms that fat accumu-
lation plays a key role in the pathogenesis of systemic ox-
idative stress, already during pediatric age. In addition, 
our data have shown that oxidative stress correlates with 
BMI SDS; therefore, a greater accumulation of fat may 
cause a greater impairment of oxidant/antioxidant status. 
These findings suggest that obesity can act as a strong 
risk factor for subsequent pathologic conditions.

  Oxidative stress has been associated with obesity, hyper-
glycemia, hypertension and atherosclerosis  [23–26] . Previ-
ous studies demonstrated that the earliest signs of CHD, 
such as coronary artery fatty streaks, are already present in 
childhood and rapidly increase during adolescence, par-
ticularly in those with elevated BMI  [27, 28] . MetS is a mul-
tifactorial condition leading to accelerated atherosclerosis 
and increased risk of diabetes  [29] . Importantly, the risk for 
CHD is markedly greater in adult obese with MetS than 
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  Fig. 1.  d-ROM level in prepubertal and pubertal MetS subjects. 

  Fig. 2.  Correlation between BAP and d-ROM levels and BAP/
d-ROMs ratio and BMI SDS in all (obese and nonobese) children. 
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those without it  [14] . Although the main pathogenic mech-
anism relies on IR, several lines of evidence demonstrated 
a close link between MetS, a state of chronic low-level in-
flammation, and oxidative stress  [30, 31] . In particular, the 
adult obese with MetS show a decreased antioxidant pro-
tection and increased lipid peroxidation, and the enhanced 
oxidative stress in these patients seems to be associated 
with visceral adiposity and liver steatosis  [32] . It has been 
recently demonstrated that excessive visceral fat accumula-
tion and decreased adiponectin in obese children might 
increase oxidative stress, and this event is associated with 
the development of metabolic complications  [33] .

  In our study, no significant differences were found in 
d-ROM and BAP levels between the obese children with 
MetS and those without MetS; in addition, as reported in 
 table 3 , subjects without MetS had higher d-ROMs test 
and lower BAP/d-ROMs ratio than subjects with MetS 
(although not significant). Furthermore, for the first time 
we calculated the BAP/d-ROMs ratio, and we found that 
it was higher in the controls than in the obese with and 
without MetS, which confirmed that severe childhood 
obesity is associated with the alterations of antioxidant 
biological barrier components. Moreover, we found an 
inverse correlation between BAP/d-ROMs ratio and waist 
circumference, which suggests the important role of vis-
ceral adiposity in the alteration of antioxidant status.

  Our data show that an accelerated formation of ROS 
and a reduction of the antioxidant protection occur ear-
lier to the emergence of other comorbidities, because our 
simply obese patients did not present with dyslipidemia, 
hyperinsulinemia or hypertension. These results are in 
agreement with previous data and demonstrate that obe-
sity is an independent risk factor for plasma lipid peroxi-
dation in children  [34–36] , but they are in contrast   to oth-
er studies, which, however, evaluated only the alterations 
of antioxidant status  [37] . In our study, we evaluated oxi-
dant/antioxidant status by using two tests which have 
been reported as clinically significant markers in various 
diseases  [38, 39] . In addition, our data clearly demonstrate 
that d-ROM level was higher in the pre-pubertal obese 
subjects with MetS than the pubertal ones. The finding of 
higher d-ROM levels in prepubertal obese subjects with 
MetS than pubertal ones despite the physiological IR of 
puberty is very interesting and confirms previous data 
that demonstrated an enhanced oxidative stress com-
bined with reduced antioxidant capacity in obese prepu-
bertal and adolescent girls with full or partial MetS, sug-
gesting that the presence of metabolic alteration could 
worsen the imbalance between oxidative and antioxida-
tive systems already during prepubertal age  [40] .

  In our study population, we found an inverse correla-
tion between BAP/d-ROMs ratio and total cholesterol, tri-
glycerides and CRP, which suggests that the alterations of 
lipid profile and the inflammation, which are associated 
with the MetS phenotype, could represent other factors 
influencing the oxidative stress in children. A strong cor-
relation between oxidative stress and IR has been reported 
in the adults  [41] . Although this association was also dem-
onstrated in obese children, it seems to depend on the de-
gree of severity of IR, so that with the increase in severity 
of IR the production of ROS  and consequently the devel-
opment of comorbidities would increase  [42] . In this study, 
the obese subjects without MetS were not insulin resistant, 
and only MetS children with higher values of HOMA-IR 
presented increased levels of d-ROMs; this would explain 
the lack of correlation between oxidative stress and IR in 
our population. Instead, other factors such as visceral ad-
iposity seem to have a significant role in the alteration of 
antioxidant/oxidant status in pediatric age.

  In conclusion, our findings clearly demonstrate the 
role of the obesity in the alteration of oxidant/antioxidant 
status in children, and underline the importance of care-
ful follow-up of obese children already during prepuber-
tal age to detect the development of metabolic abnormal-
ities which can lead to MetS. Simple interventions, such 
as dietary restriction and weight loss, should be highly 
encouraged and maintained over time to reduce the in-
creased risk of cardiovascular disease.

  Disclosure Statement 

 The authors have nothing to disclose.
 

 References   1 Rice-Evans C, Burdon R: Free radical-lipid 
interactions and their pathological conse-
quences. Prog Lipid Res 1993;   32:   71–110. 

  2 Roskams T, Yang SQ, Koteish A, Durnez A, 
DeVos R, Huang X, Achten R, Verslype C, 
Diehl AM: Oxidative stress and oval cell ac-
cumulation in mice and humans with alco-
holic and nonalcoholic fatty liver disease. 
Am J Pathol 2003;   163:   1301–1311. 

  3 Toshima S, Hasegawa A, Kurabayashi M, 
Itabe H, Takano T, Sugano J, Shimamura K, 
Kimura J, Michishita I, Suzuki T, Nagai R: 
Circulating oxidized low density lipoprotein 
levels. A biochemical risk marker for coro-
nary heart disease. Arterioscler Thromb 
Vasc Biol 2000;   20:   2243–2247. 

  4 Ceconi C, Boraso A, Cargnoni A, Ferrari R: 
Oxidative stress in cardiovascular disease: 
myth or fact? Arch Biochem Biophys 2003;  
 420:   217–221. 

D
ow

nl
oa

de
d 

by
: 

U
ni

v.
 o

f M
ic

hi
ga

n,
 T

au
bm

an
 M

ed
.L

ib
.  

   
   

   
   

   
   

14
1.

21
3.

23
6.

11
0 

- 
6/

25
/2

01
3 

3:
12

:3
2 

A
M



 Faienza et al. Horm Res Paediatr 2012;78:158–164164

  5 Inoguchi T, Li P, Umeda F, Yu HY, Kakimoto 
M, Imamura M, Aoki T, Etoh T, Hashimoto 
T, Naruse M, Sano H, Utsumi H, Nawata H: 
High glucose level and free fatty acid stim-
ulate reactive oxygen species production 
through protein kinase C-dependent activa-
tion of NAD(P)H oxidase in cultured vascu-
lar cells. Diabetes 2000;   49:   1939–1945. 

  6 Furukawa S, Fujita T, Shimabukuro M, Iwaki 
M, Yamada Y, Nakajima Y, Nakayama O, 
Makishima M, Matsuda M, Shimomura I: 
Increased oxidative stress in obesity and its 
impact on metabolic syndrome. J Clin Invest 
2004;   114:   1752–1761. 

  7 Qatanani M, Lazar MA: Mechanisms of 
obesity-associated insulin resistance: many 
choices on the menu. Genes Dev 2007;   21:  
 1443–1455. 

  8 Maddux BA, See W, Lawrence JC Jr, Goldfine 
AL, Goldfine ID, Evans JL: Protection 
against oxidative stress-induced insulin re-
sistance in rat L6 muscle cells by mircomolar 
concentrations of alpha-lipoic acid. Diabetes 
2001;   50:   404–410. 

  9 Petersen KF, Shulman GI: Etiology of insulin 
resistance. Am J Med 2006;   119:   10–16. 

 10 Isomaa B, Almgren P, Tuomi T, Forsén B,
Lahti K, Nissén M, Taskinen MR, Groop L: 
Cardiovascular morbidity and mortality as-
sociated with the metabolic syndrome. Dia-
betes Care 2001;   24:   683–689. 

 11 Grundy SM: Atherosclerosis imaging and 
the future of lipid management. Circulation 
2004;   110:   3509–3511. 

 12 Hansel B, Giral P, Nobecourt E, Chantepie S, 
Bruckert E, Chapman MJ, Kontush A: Meta-
bolic syndrome is associated with elevated 
oxidative stress and dysfunctional dense 
high-density lipoprotein particles display-
ing impaired antioxidative activity. J Clin 
Endocrinol Metab 2004;   89:   4963–4971. 

 13 Van Guilder GP, Hoetzer GL, Greiner JJ, 
Stauffer BL, Desouza CA: Influence of meta-
bolic syndrome on biomarkers of oxidative 
stress and inflammation in obese adults. 
Obesity 2006;   14:   2127–2131. 

 14 Lakka HM, Laaksonen DE, Lakka TA, Nis-
kanen LK, Kumpusalo E, Tuomilehto J, Sa-
lonen JT: The metabolic syndrome and total 
and cardiovascular disease mortality in 
middle-aged men. JAMA 2002;   288:   2709–
2716. 

 15 Cook S, Auinger P, Li C, Ford ES: Metabolic 
syndrome rates in United States adolescents, 
from the National Health and Nutrition
Examination Survey, 1999–2002. J Pediatr 
2008;   152:   165–170. 

 16 Cacciari E, Milani S, Balsamo A, Spada E, 
Bona G, Cavallo L, Cerutti F, Gargantini L, 
Greggio N, Tonini G, Cicognani A: Italian 
cross-sectional growth charts for height, 
weight and BMI (2 to 20 yr). J Endocrinol In-
vest 2006;   29:   581–593. 

 17 Tanner JM, Whitehouse RH: Clinical longi-
tudinal standards for height, weight, height 
velocity, weight velocity, and stages of puber-
ty. Arch Dis Child 1976;   51:   170–179. 

 18 Williams CL, Hayman LL, Daniels SR, Rob-
inson TN, Steinberger J, Paridon S, Bazzarre 

T: Cardiovascular health in childhood: a 
statement for health professionals from the 
Committee on Atherosclerosis, Hyperten-
sion, and Obesity in the Young (AHOY) of 
the Council on Cardiovascular Disease in 
the Young. American Heart Association. 
Circulation 2002;   106:   143–160. 

 19 Masuccio FG, Lattanzio FM, Matera S,
Giannini C, Chiarelli F, Mohn A: Insulin 
sensitivity in prepubertal Caucasian nor-
mal weight children. J Pediatr Endocrinol 
Metab 2009;   22:   695–702. 

 20 Cesarone MR, Belcaro G, Carratelli M, Cor-
nelli U, De Sanctis MT, Incandela L, Barsot-
ti A, Terranova R, Nicolaides A: A simple test 
to monitor oxidative stress. Int Angiol 1999;  
 18:   127–130. 

 21 Cornelli U, Terranova R, Luca S, Cornelli M, 
Alberti A: Bioavailability and antioxidant 
activity of some food supplements in men 
and women using the D-Roms test as a mark-
er of oxidative stress. J Nutr 2001;   131:   3208–
3211. 

 22 Dohi K, Satoh K, Ohtaki H, Shioda S, Miyake 
Y, Shindo M, Aruga T: Elevated plasma levels 
of bilirubin in patients with neurotrauma re-
flect its pathophysiological role in free radi-
cal scavenging. In Vivo 2005;   19:   855–860. 

 23 Oliver SR, Rosa JS, Milne GL, Pontello AM, 
Borntrager HL, Heydari S, Galassetti PR: In-
creased oxidative stress and altered substrate 
metabolism in obese children. Int J Pediatr 
Obes 2010;   5:   436–444. 

 24 Wellen KE, Hotamisligil GS: Inflammation, 
stress, and diabetes. J Clin Invest 2005;   115:  
 1111–1119. 

 25 Sáez GT, Tormos C, Giner V, Chaves J, Loza-
no JV, Iradi A, Redón J: Factors related to the 
impact of antihypertensive treatment in an-
tioxidant activities and oxidative stress by-
products in human hypertension. Am J Hy-
pertens 2004;   17:   809–816. 

 26 Chisolm GM, Steinberg D: The oxidative 
modification hypothesis of atherogenesis: an 
overview. Free Radic Biol Med 2000;   28:  
 1815–1826. 

 27 McGill HC Jr, Strong JP, Tracy RE, McMa-
han CA, Oalmann MC: Relation of a post-
mortem renal index of hypertension to
atherosclerosis in youth. The Pathobiolog-
ical Determinants of Atherosclerosis in 
Youth (PDAY) Research Group. Arterioscler 
Thromb Vasc Biol 1995;   15:   2222–2228. 

 28 Berenson GS, Srinivasan SR, Bao W, New-
man WP 3rd, Tracy RE, Wattigney WA: As-
sociation between multiple cardiovascular 
risk factors and atherosclerosis in children 
and young adults. The Bogalusa Heart Study. 
N Engl J Med 1998;   338:   1650–1656. 

 29 McNeill AM, Rosamond WD, Girman CJ, 
Golden SH, Schmidt MI, East HE, Ballan-
tyne CM, Heiss G: The metabolic syndrome 
and 11-year risk of incident cardiovascular 
disease in the atherosclerosis risk in commu-
nities study. Diabetes Care 2005;   28:   385–390. 

 30 Festa A, D’Agostino R Jr, Williams K, Karter 
AJ, Mayer-Davis EJ, Tracy RP, Haffner SM: 
The relation of body fat mass and distribu-
tion to markers of chronic inflammation. Int 

J Obes Relat Metab Disord 2001;   25:   1407–
1415. 

 31 Keaney JF Jr, Larson MG, Vasan RS, Wilson 
PW, Lipinska I, Corey D, Massaro JM, 
Sutherland P, Vita JA, Benjamin EJ: Obesity 
and systemic oxidative stress: clinical corre-
lates of oxidative stress in the Framingham 
Study. Arterioscler Thromb Vasc Biol 2003;  
 23:   434–439. 

 32 Palmieri VO, Grattagliano I, Portincasa P, 
Palasciano G: Systemic oxidative alterations 
are associated with visceral adiposity and 
liver steatosis in patients with metabolic syn-
drome. J Nutr 2006;   136:   3022–3026. 

 33 Araki S, Dobashi K, Yamamoto Y, Asayama 
K, Kusuhara K: Increased plasma isopros-
tane is associated with visceral fat, high mo-
lecular weight adiponectin, and metabolic 
complications in obese children. Eur J Pedi-
atr 2010;   169:   965–970. 

 34 Lima SC, Arrais RF, Almeida MG, Souza ZM, 
Pedrosa LF: Plasma lipid profile and lipid 
peroxidation in overweight or obese children 
and adolescents. J Pediatr 2004;   80:   23–28. 

 35 Mohn A, Chiavaroli V, Cerruto M, Blasetti 
A, Giannini C, Bucciarelli T, Chiarelli F: In-
creased oxidative stress in prepubertal chil-
dren born small for gestational age. J Clin 
Endocrinol Metab 2007;   92:   1372–1378. 

 36 Codoñer-Franch P, Pons-Morales S, Boix-
García L, Valls-Bellés V: Oxidant/antioxi-
dant status in obese children compared to 
pediatric patients with type 1 diabetes mel-
litus. Pediatr Diabetes 2010;   11:   251–257. 

 37 Molnár D, Decsi T, Koletzko B: Reduced
antioxidant status in obese children with 
multimetabolic syndrome. Int J Obes Relat 
Metab Disord 2004;   28:   1197–1202. 

 38 Yamanaka G, Ishii C, Kawashima H, Oana S, 
Miyajima T, Hoshika A: Cerebrospinal fluid 
Diacron-Reactive Oxygen Metabolite levels 
in pediatric patients with central nervous sys-
tem diseases. Pediatr Neurol 2008;   39:   80–84. 

 39 Katsabeki-Katsafli A, Kerenidi T, Kostikas 
K, Dalaveris E, Kiropoulos TS, Gogou E, Pa-
paioannou AI, Gourgoulianis KI: Serum 
vascular endothelial growth factor is related 
to systemic oxidative stress in patients with 
lung cancer. Lung Cancer 2008;   60:   271–276. 

 40 Karamouzis I, Pervanidou P, Berardelli R, 
Iliadis S, Papassotiriou I, Karamouzis M, 
Chrousos GP, Kanaka-Gantenbein C: En-
hanced oxidative stress and platelet activa-
tion combined with reduced antioxidant ca-
pacity in obese prepubertal and adolescent 
girls with full or partial metabolic syndrome. 
Horm Metab Res 2011;   43:   607–613. 

 41 Urakawa H, Katsuki A, Sumida Y, Gabazza 
EC, Murashima S, Morioka K, Maruyama N, 
Kitagawa N, Tanaka T, Hori Y, Nakatani K, 
Yano Y, Adachi Y: Oxidative stress is asso-
ciated with adiposity and insulin resistance 
in men. J Clin Endocrinol Metab 2003;   88:  
 4673–4676. 

 42 Codoñer-Franch P, Navarro-Ruiz A, Fernán-
dez-Ferri M, Arilla-Codoñer A, Ballester-
Asensio E, Valls-Bellés V: A matter of fat: insu-
lin resistance and oxidative stress. Pediatr Dia-
betes DOI: 10.1111/j.1399-5448.2011.00847.x. 

  

D
ow

nl
oa

de
d 

by
: 

U
ni

v.
 o

f M
ic

hi
ga

n,
 T

au
bm

an
 M

ed
.L

ib
.  

   
   

   
   

   
   

14
1.

21
3.

23
6.

11
0 

- 
6/

25
/2

01
3 

3:
12

:3
2 

A
M

http://dx.doi.org/10.1111%2Fj.1399-5448.2011.00847.x



