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Abstract

Objectives Various cross-sectional studies have revealed
a significant positive relationship between systemic oxi-
dative stress and obesity-related indices such as body mass
index (BMI, kg/mz). However, little is known of the role of
oxidative stress during adolescence. The aim of this study
was to determine the association between obesity and
serum reactive oxygen metabolites (ROM) in adolescents.
Method A total of 595 healthy junior high school students
from northern Japan were enrolled in the study. Oxidative
stress was evaluated by measuring serum levels of ROM.
Obesity indices included BMI and percentage body fat
(PBF). The analyses were stratified by sex and controlled
for age and menarche. Partial correlation coefficients and
analysis of covariance were also analyzed.

Results In female students, ROM levels increased with
increasing BMI and PBF. Therefore, ROM levels were
significantly higher in the underweight group than in the
BMI-classified overweight—obese (P < 0.001) and normal
weight groups (P < 0.05). ROM levels were significantly
higher in the high PBF group than in the underweight
(P < 0.05) and normal groups (P < 0.001).

Conclusion The results of this study show that, regardless
of menarche, obesity indicators such as BMI and PBF are
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correlated with the level of oxidative stress in female
adolescents.
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Introduction

In humans, oxidative stress is thought to be involved in
several important pathways, potentially leading to the
development of atherosclerosis [1, 2], endothelial dys-
function [3], and diabetes [4]. Lifestyle-related diseases
have been reported to progress slowly from childhood [5]
and are associated with high rates of occurrence and
mortality in adults [6, 7]. A few cross-sectional studies
have reported that oxidative stress and obesity are closely
related [8-11], demonstrating a significant positive rela-
tionship between oxidative stress and obesity-related indi-
ces such as the body mass index (BMI, kg/m?). In obese
individuals, elevated levels of fatty acids increase the level
of oxidative stress via activation of NADPH oxidase and
increased production of reactive oxygen species (ROS)
[10]. Obesity is generally regarded as a hyper-oxidative
and chronic inflammatory state. The significant interrela-
tionships among obesity-related indices, oxidative stress,
inflammatory markers, and adipocytes have been well
documented [9, 10, 12-14].

Obese children often develop into adults who are
overweight or obese [15]. To prevent lifestyle-related dis-
eases in adulthood, it is necessary to control adolescent
obesity. However, the risk factors for obesity in children
need to be identified before appropriate countermeasures
against obesity can be developed, which in turn requires
prior understanding of the oxidative stress in children.
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Previous studies on the relationship between oxidative
stress and obesity have mainly focused on adults [7, 16—
18], with attention paid to oxidative stress in adolescents
[19]. The relationship between oxidative stress and obesity
in healthy adolescents is also unknown. Therefore, a
detailed, age-related understanding of oxidative stress is
necessary.

To obtain useful insights for developing protective
measures against lifestyle-related diseases, in this study we
have measured redox levels in the blood using commer-
cially available kits—the reactive oxygen metabolites
(ROMs) test (i.e., the d-ROMs test) and the biological
antioxidant potential (BAP) test, which have been found in
previous studies to be useful indicators of oxidative stress
[20-22].

Materials and methods
Study design

This study was performed in a rural area of Japan. Since
2006, medical health examinations, including peripheral
blood collection, have been performed in these areas as a
part of each town’s “preventive medical health examina-
tion against lifestyle-related disease in young people.” In
our study, we surveyed 615 students (aged 12—15 years) in
four junior high schools between April and May 2010.
Before collecting the blood samples, we explained the
purpose of the study, and an oral and written declaration
was provided to specify that there would be no negative
consequences for either the student or parent who did not
wish to participate in the study. Students provided written
assent and parents gave written consent for participation in
this study, following which peripheral blood was collected
from 595 students, yielding a participation rate of 96.7 %.
There were 312 male students, ranging in age from
12 years 1 month to 15 years 0 months and 283 female
students. This study was approved by the Committee of
Medical Ethics of Hirosaki University Graduate School of
Medicine (Hirosaki, Japan).

Measurement of obesity

In this study, BMI and percentage of body fat (PBF) were
used as indicators of obesity [23]. BMI was calculated as
weight in kilograms divided by the square of height in
meters (kg/m?). Participants were classified as being of
normal weight, overweight, or obese, based on their BMI,
using the International Obesity Task Force classification
[24]. These cutoff points are based on health-related
adult definitions of overweight (>25 kg/m?) and obesity
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(>30 kg/m?), but they are adjusted according to age and
sex of the study population.

Body weight and PBF were measured using an
MC-190EM body composition analyzer (Tanita, Tokyo,
Japan). These measurements were obtained while the par-
ticipants were bare-footed and clad only in their underwear.
The MC-190EM analyzer uses data acquired by dual X-ray
absorptiometry (DXA) from both Japanese and Western
subjects, as well as a regression formula derived from
repeated regression analysis of height, weight, age, and
impedance between the right hand and foot as variables.
Criteria for childhood obesity were based on body fat
percentage DXA standards for each sex and on the com-
mittee-created, childhood obesity manual from the Japan
Society for the Study of Obesity. All students were clas-
sified into five groups according to their PBF: group 1,
poor; group 2, (—)normal; group 3, (4)normal; group 4,
slightly obese; group 5, obese.

Measurement of reactive oxygen metabolites

Reactive oxygen metabolites were measured using the
d-ROMs test (Diacron International, Grosseto, Italy) which
is a photometric test used to measure the concentration of
hydroperoxides (ROOH) in biological samples based on
the principle of Fenton’s reaction. Previous studies have
shown ROOH to be a plasma biomarker predictive of a first
atherothrombotic event [25]. The presence of ROOH in
cells indicates an oxidative attack by ROS on various
organic substrates, such as carbohydrates, lipids, amino
acids, proteins, or nucleotides. In healthy subjects, the
normal range of ROM is 250-300 Carratelli units
(U.CARR) [26]. ROM was measured by using an automatic
biochemical analyzer (TBA-120FR; Toshiba Medical Sys-
tems, Tokyo, Japan).

The BAP level was measured using the BAP test
(Diacron International), which determines the biological
antioxidant potential of blood plasma by measuring its
ferric reducing ability, i.e., the transformation of iron from
the ferric to the ferrous form. When the salt of a trivalent
iron (FeCl,) is dissolved in a colorless solution containing
a chelation acid derivative, the solution turns red because
of the action of the Fe* ions. This red solution is then
decolorized by the addition of blood plasma due to the
reduction of Fe®" ions. In theory, the antioxidant potential
of blood plasma can be evaluated by measuring the degree
of decolorization using a photometer. The normal level of
BAP in healthy subjects is >2,200 umol/L. A value of
<2,200 umol/L indicates a reduced BAP, indicating that
the subject warrants clinical attention [27]. BAP was
measured using a TBA-120FR automatic biochemical
analyzer (Toshiba Medical Systems).
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In addition to the above measurements, we also
performed a standard blood test using an XT-2000i
Hematology Analyzer (Sysmex, Hyogo, Japan). This test
measured white blood cell (WBC) counts, red blood cell
(RBC) counts, platelet counts, hemoglobin levels, and
hematocrit. The levels of aspartate aminotransferase
(AST), alanine aminotransferase (ALT), total cholesterol
(TC), triglyceride, high-density lipoprotein (HDL)-choles-
terol, and low-density lipoprotein (LDL)-cholesterol were
also analyzed using a TBA-120FR Chemistry Analyzer
(Toshiba Medical Systems).

Statistical analysis

The significance of the differences in mean values between
two groups were analyzed using Student’s ¢ test. Data from
the three obesity groups were analyzed using a one-way
analysis of variance (ANOVA), with post hoc comparisons
using the Tukey—Kramer multiple test. Multivariate linear
regression analyses were associated with d-ROM level.
The partial correlation coefficients and analysis of covari-
ance (ANCOVA) were also analyzed. The analyses were

stratified by sex and were controlled for age and menarche.
Statistical analyses were performed using SPSS ver. 19.0
for Windows software (SPSS Japan, Tokyo, Japan). A
value of P < 0.05 was considered statistically significant.

Results

A total of 595 adolescents participated in the study. The
incidence of obesity varied according to sex. According to
the International Obesity Task Force cutoff, among the male
students, 16.0 % (n = 50) were overweight and 4.8 %
(n = 15) were obese. Among the female students, 13.8 %
(n = 39) were overweight and 11.3 % (n = 11) were obese.
The classification of male students into five groups according
to their PBF was as follows: poor (PBF <6.5, n = 14,
4.5 %); (—)normal (6.5 < PBF > 15.4, n = 168, 53.8 %);
(+)normal (15.5 < PBF > 24.4, n = 87, 27.9 %); slightly
obese (24.5 < PBF =294, n =14, 145 %), obese
(PBF >29.5, n = 29, 9.3 %). The classification of female
students into the five PBF groups was: poor (PBF <13.4,
n=235, 1.8 %); (-)normal (13.5 < PBF > 224, n = 103,

Table 1 Characteristics of the

subjects included in this study Items All (n = 595) Male (n = 312) Female (n = 283) P
Mean  Standard Mean  Standard Mean  Standard
deviation deviation deviation
Height (cm) 157.1 8.2 1594 9.1 1546 62
Weight (kg) 499 103 510 108 487 96
Body mass index (kg/m?) 20.1 32 19.9 3.1 20.3 3.4
Percentage body fat 205 9.0 162 82 252 13
Body fat (kg) 108 6.7 89 64 129 64
Systolic blood pressure (BP) 110.5 8.4 111 8.5 109 8.1 -
(mmHg)
Diastolic BP (mmHg) 63.0 8.7 62 9.1 64 8.2
Aspartate aminotransferase 211 52 231 57 189 34
(U/L)
Alanine aminotransferase 14.9 9.3 17.0 11.7 12.5 4.7 -
(mg/dL)
Total cholesterol (mg/dL) 162.1 256 1576 264 167.0 237 o
Triglycerides (mg/dL) 739 424 705 444 717 398 *
High-density lipoprotein- 594 144 58.7 148 60.0 139
cholesterol (mg/dL)
Low-density lipoprotein- 83.6 212 802 218 873  19.9
cholesterol (mg/dL)
White blood cells (x10*/pL) 613  13.9 593 129 63.5 14.6
Red blood cells (x10%/pL) 486.1 384 503.6  35.1 466.7  32.1
d-ROMs Reactive oxygen Hemoglobin (g/dL) 13.5 1.3 14.0 1.2 13.0 1.2 o
metabolite (ROM) test, Hematocrit (%) 421 35 432 34 409 3.1
U.CARR Carratelli units Platelets (x 10*/uL.) 269 54 29 52 269 56
A 1 test was used to compare d-ROMs (U.CARR) 3040 592 2999 552 3086  63.1
parameters between the sexes v
Biological antioxidant 27139 119.8 2745.5 108.1 2679.0 122.6

* P <0.05, ¥* P <0.01,
% P < 0.001

potential (um/L)
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36.4 %); (+)normal (22.5 < PBF > 31.4,n = 128,45.2 %);
slightly obese (31.5 < PBF > 354, n = 15, 5.3 %); obese
(PBF >35.5,n = 32, 11.3 %).

Table 1 summarizes the mean value of each parameter,
such as height, weight, BMI, PBF, systolic blood pressure
(BP), diastolic BP, AST, ALT, TC, triglyceride, HDL-
cholesterol, LDL-cholesterol, WBC, RBC, and platelet
counts, hemoglobin, hematocrit, d-ROMs, and BAP.
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The values for body fat, PBF, TC, LDL-cholesterol, and
WBCs were significantly higher in female students than in
male students (P = 0.001), while the values for height,
AST, ALT, RBCs, hemoglobin, hematocrit, and BAP were
significantly higher in male students than in female stu-
dents (P = 0.001). The mean level of d-ROMs was
304 £+ 59.2 (U. CARR), with no statistically significant
difference between the sexes.
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The correlations between d-ROMs and BMI or PBF
were analyzed (Fig. 1). Both BMI (male students,
r = 0.12; female students, » = 0.277; all P < 0.001) and
PBF (male students, r = 0.23; female students, r = 0.30;
all P < 0.001) were positively correlated to d-ROMs in
both the sexes. However, BAP was not correlated with
BMI (male students, » = 0.07; female students, r = 0.07)
or PBF (male students, r = 0.15; female students,
r = 0.11) (Fig. 2).

To determine the correlation between d-ROMs and BMI
levels, each student was classified into one of three groups
based on his/her BMI level, as described in the “Materials
and methods”. The d-ROMs levels were observed to
increase depending on the BMI group among the female
students. However, no significant difference was observed
among the three groups of male students (Fig. 3). In the
case of PBF, similar results were also observed among
female students, but not among males. The d-ROMs levels
in obese females were significantly higher than those in the
(-)normal and (4)normal groups. The incidence of obesity
and the correlation between d-ROMs and the obesity
indices varied according to sex.

Discussion

The present study was performed to clarify the rela-
tionship between obesity and serum d-ROMs or BAP

levels in adolescents. Our findings show that the levels
of d-ROMs were correlated with obesity levels to some
extent (Fig. 1), with a clear correlation being observed
among female students (Fig. 2). A similar tendency was
also observed in a previous adult study [9]; however,
few studies have reported on this correlation in adoles-
cents. Mehdad et al. [28] showed that fasting blood
glucose levels are highly correlated with fat mass and
PBF in overweight-obese female adolescents aged
11-17 years, a population similar in age to our study
sample. Cruz et al. [29] reported that this positive rela-
tionship in the overweight—obese group of girls may be
explained by the clustering of metabolic syndrome fac-
tors, which are risk factors for type 2 diabetes.
Regarding ROS production, Furukawa et al. [10] sug-
gested that increased oxidative stress in the plasma is
due to increased ROS production from accumulated fat.
In addition, Fernandez-Sanchez et al. [30] reported that
white adipose tissue may produce certain bioactive sub-
stances called adipokines, which induce the production
of ROS. In our study, female students showed signifi-
cantly higher fat-related or obesity-related factors, such
as PBF, body fat, TC, triglycerides, and LDL-cholesterol,
than did male students (Table 1).

Although there are sex-based differences in sex hor-
mones and body composition among adolescents, these
findings suggest the possibility that d-ROMs levels are
physiologically related to ROS produced by the fat cells.
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In other words, the levels of d-ROMs, especially in female
students, may be a biological marker of obesity in ado-
lescence. On the other hand, the mean value of BAP in
male students was significantly higher than that in female
students, as shown in Table 1. However, BAP levels were
not correlated with obesity in male students (Fig. 3).
Although the precise mechanisms are not yet clear, some of
the factor(s) discussed above, except for fat-related or
obesity-related factors, may be involved. Further investi-
gation of these mechanisms is warranted to clarify this
mechanism.

The subjects of this study were adolescent, junior high
school students. The development of secondary sex char-
acteristics is known to occur earlier in girls than in boys.
Thus, it is possible that sex hormones play an important
role in the correlation between the d-ROMs levels and
obesity that was observed among female students. How-
ever, this was a cross-sectional study, and the data set was
obtained in a specific region over a limited period. More
precise approaches are currently underway to examine the
effect of oxidative stress during these development stages.

Spalding et al. [31] reported that the number of fat cells
remains constant in adulthood in lean and obese individu-
als, even after marked weight loss, indicating that the
number of adipocytes is determined during childhood and
adolescence. As Furukawa reported, this suggests that
increased oxidative stress in accumulated fat is an early
indication of metabolic syndrome and that the redox state
in adipose tissue is a potentially useful therapeutic target
for obesity-associated metabolic syndrome. Therefore,
appropriate weight control in adolescence may help avoid
metabolic syndrome in adulthood.

Furthermore, our study focused on student’s obesity in
relation to their serum ROM. The low correlation coeffi-
cient between d-ROMs levels and obesity was not con-
sidered as a factor indicative of a subject’s lifestyle; further
analysis is required to account for differences between
lifestyles. Moreover, prevention of lifestyle-related dis-
eases requires follow-up health examinations. In particular,
with the aim of preventing future lifestyle-related diseases,
health education would be especially valuable for the high-
risk groups shown in Fig. 3 (obesity and PBF levels 3, 4,
and 5), who exhibited a high level of oxidative stress.
Counseling with regard to healthy eating habits can be
recommended to improve the lifestyle of these high-risk
individuals. Moreover, this type of lifestyle education
would be most effective if it involved both junior high
school students and their guardians. Further studies, such as
a prospective cohort study, would be required to confirm
the transformation of the high-risk factors associated with
this group.

In conclusion, the results of our study reveal the pres-
ence of a relationship between oxidative stress and obesity

@ Springer

among adolescents in rural Japan. Since there is a possi-
bility that adolescent obesity increases the risk of various
diseases in adulthood, we believe that an estimation of
obesity, based on d-ROMs, is very important for female
teenagers.
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