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Objective : The purpose of this study was to determine serum antioxidant nutrients and the relationship between
serum antioxidants and risks of chronic diseases in obese Korean children,

Methods : Nommal weight Korean school children (n=170), mean age of 11.5+1.5, and obese (body fat mass >
28%) children (n=176), mean age of 11.0+1.8, were recruited. Fat mass (%) was determined by Bioelectrical
Impedance (BEI), and body mass index (BMI) was calculated. Fasting blood was collected to measure serum
antioxidant nutrients, vitamin A, vitamin E and zinc. Serum lipid profiles including total cholesterol (TC), high
density cholesterol (HDL) and triglyceride (TG), and blood glucose, glutamic oxaloacetic transaminase (GOT), and
glutamic pyruvic transaminase (GPT) were also determined. Differences in serum blood measurements between obese
and normal children were assessed by independent t test. Pearson’s cormrelation analysis was used to determine
the relationship between variables.

Results : Blood glucose, GPT, total cholesterol, and triglycerides concentrations were significantly higher among
obese boys, compared to nommal boys (p<0.05). Significantly lower concentrations of senmn vitamin E, after adjustment
for TG and TC, was shown in obese boys (0.26 mg/mg) and obese ginls (0.31 mg/mg), compared to normal boys
(0.36 mg/mg) and gids (0.38 mg/mg) (p<0.05). Fat mass (%) was negatively comelated with serum vitamin A and
vitamin E.

Conclusion : Obese Korean children showed insufficient serum vitamin E concentration and increased risk for
diabetes, atherosclerosis, and liver disease. Since lower vitamin E concentration was negatively correlated with
atherogenic index, improved vitamin E statos in children may decrease the risk of atherosclerosis later in life.
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INTRODUCTION

Overweight and obesity rates in Korean children are
increasing. During the last 18 years (1979-1996), obesity
rates in Korean children have increased; 6 times for boys
and 4.7 times for girls.” Fifty percent of all obese
children will probably become obese adults.” Childhood
obesity leads to the early development of cardiovascular
disease and diabetes.”” Children with obesity had higher
rate of abnormal liver functions.*” Baldrige et al.’s
study” reported that obese children were more likely to
have a fatty inflamed liver. Strauss et al.” reported that
overweight and obese adolescents had abnormal levels
of serum ALT (alanine aminotransferase).

Antioxidants, such as retinol, beta-carotene, and vita-
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min E, have an important impact on the incidence of
chronic diseases. Studies have shown that low anti-
oxidant intake or low blood levels of antioxidants is re-
lated to a high incidence of chronic diseases such as can-
cer, heart disease, and diabetes.'*'® Subnormal blood
levels of antioxidants have been reported in obese chil-
dren,”? and low antioxidants in obese children have
been reported to be associated with hyperinsulinemia,””
altered lipid metabolism,'” and altered liver functions.”

Zinc is a cofactor of antioxidant enzyme, superoxide
dismutase (SOD).2" Zinc is also an important nutrient
that influences the thermoregulation in obese indi-
vidual.*® Studies have been reported low blood zinc
concentrations in obese adults. Some studies also
reported that low zinc levels in the obese might be
related with low secretion of leptin. However, incon-
sistent results, depending on human or animal studies,
are present’ > and limited information on blood zinc
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and obese children is existed.”**”

Therefore, the purpose of this study was to determine
whether obese children have decreased antioxidant nu-
trients including zinc and whether decreased antioxidant
nutrients are associated with health risk factors of dia-
betes, arthrosclerosis, and liver disease.

METHODS

1. Subjects

The subjects of this study were 170 normal and 176
obese school children in Seoul, Korea, and surrounding
Provinces. Obese children were selected from “Camps
for Weight Control in Children” which were held during
the summer of 1998. Age and sex-matched normal
children were selected from 2 elementary schools, from
July 1998 to December 1998, based on their school
health records. A letter of invitation describing the
project, an informed consent form, and a questionnaire
were sent to the children’s families three weeks prior
to the study. Informed consent was obtained from the
parent(s) of each child. The research project was
approved by the Dankook University, Institutional
Review Board, Seoul, Korea, in the summer of 1998.

2. Measurements

Weight was measured in kilograms using a digital elec-
tronic weighing scale, with the child wearing light clothes
and no shoes. Height was measured in centimeters to

the nearest 0.1cm using a portable stadiometer, with the -

child standing in a straight position. Bioelectrical
Impedance (GLF-891 DX, Gilu Trading Co., Seoul,
Korea) was used for screening body fat mass (%), as obe-
sity diagnosis, in children.’” Children were asked to re-
move all metallic objects, such as necklace, watch, brace-
lets, rings, and hairpins before measurements. Children

were then asked to lie on their back, with neither arms -

nor thighs touching. The children’s skin on the top of
the hand and wrist, and the top of the foot and ankle
were cleaned with alcohol and 4 electric rods were attached
to the hand, wrist, foot, and ankle. After tuming the device
on, the fat mass (%) of each child was recorded. Children,
with fat body mass 28% or higher, were classified as
obese.”> BMI (weight in kilograms over height, in me-
ters, squared) was also calculated by using height and
weight.

3. Blood Collection and Analysis
Children were required to fast at least 10 hours. After

confirmation of fasting status, the school nurse drew
blood between the hours of 9:00 a.m. and 11:00 a.m.
Serum was separated from whole blood immediately and
stored for further analysis.

Blood glucose, glutamic oxaloacetic transaminase
(GOT), and glutamic pyruvic transaminase (GPT) were
analyzed by VITROS 950 automatic analyzer. Serum
concentrations of total cholesterol (TC) and triglyceride
(TG) were analyzed by 700 XRN Analyzer (Kodak
Edatachron). High density lipoprotein (HDL) was de-
termined by general enzyme analyzing method after
precipitation with MgCl, and dextran sulfate.”®
Atherogenic Index (AI) was calculated by (total choles-
terol — HDL)/HDL. Low-density lipoprotein (LDL)
cholesterol was calculated by the formula, cholesterol
— (triglyceride/5+HDL).>” ,

Serum concentrations of vitamin A and vitamin E were
determined by the modification of Quaife and Dju’s
study.”® Serum (500 yml) was mixed with ethanol (500
uml). Hexane was added and the mixture was centrifuged
for 10 minutes, at 12000 rpm, 4 ‘C. The supematant of
hexane layer was collected, dried under nitrogen gas, and
resolved again into its mobile gas phase. Each sample,
20 yl, was injected into the HPLC system (High
Performance Liquid Chromatography, 2800 BIO-RAL,
USA). In this HPLC system, reversed column (CR-18
(10 ym), 250x4 mm) (Supelco, USA) was used. Alpha-to-
copheryl acetate and retinyl acetate were used as the in-
ternal standards. Flow rate was 1.5 ml/min, mobile phase
consisted of 95% methanol/5% distilled water, and the
wavelength of UV detector was 290 nm.

Serum zinc was analyzed by the modification of
Rosado et al’s study.37) Each of the serum control and
standard samples, 500 yml each, were mixed with 2
mL of distilled water. The absorbency was determined
at 214 nm by using Flame Atomic Absorbance Spec-
trometer (AAS) (PERKIN ELMER 2380, USA). The
quantification of zinc was calculated by using the zinc
standard curve.

4. Data Analysis

Means and standard deviations were used in the descrip-
tive analysis. Differences were regarded as statistically
significant at values of p<0.05. Differences in serum vita-
min levels between obese and niormal children were as-
sessed by independent t test. Pearson’s correlation analysis
was used to determine relationships between variables.

‘The statistical analysis was performed with SPSS com-

puter software (Chicago, USA).
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RESULTS

Anthropometric "and biochemical measurements of
Korean children in the stidy are shown in Table 1. Age
distribution of the subjects ranged from 10 to 12 years
of age. The mean heights of two groups were similar,
147.827.2 cm in the obese and 144.8+13.0 c¢cm in the
normal. The mean body weight was significantly higher
in obese children, 53.4+11.2, than in normal children,
37.4+13.0, (p<0.05). The mean BMI of normal children
was 17.7+12.7, compared to 24.2+13.9 of obese children.
Obese children had significantly higher mean fat mass,
which was determined with BEI, 36.9%+7.1, than normal
children, 19.8%+7.8. Obese boys and obese girls had mean
fat mass of 38.5%+6.6 and 35.2%=+7.6, receptively,
compared to normal boys and girls, 18.1%+9.2, and
21.4%+6.4 (p<0.05), respectively.

As shown in Table 1, blood glucose was significantly

higher in obese boys (91.8+11.7 mg/dl), compared to
normal boys (88.318.4 mg/dl) (p<0.05); however, these
values were within the normal range (70-110 mg/dl). In
obese girls, the mean blood glucose was not significantly
different than in normal girls. Blood GPT levels were
significantly higher in both obese boys, 40.6%+13.7, and
obese girls, 27.3%+16.4, compared to normal boys,
255%=+11.5, and girls, 19.8%+11.8 (p<0.05). In obese
boys, mean serum concentrations of TC (180+29 mg/dl)
and TG (125.7£76.9 mg/dl) were significantly higher
than TC (168+29 mg/dl) and TG (66.2+47 mg/dl) in
normal boys (p<0.05). In obese girls, the mean serum
concentrations of total cholesterol were higher than in
normal girls. However, it was not significant. The
concentration of TG was significantly higher in obese
girls (101.7+64.4 mg/dl) than in normal girls (63.7+42.6
mg/dl (p<0.05). Regardless of sex, the concentration of
HDL was similar in obese and normal children.

Table 1. Characteristics and biochemical analysis of normal and obese children

Normal Obese

Boys (88) Girls (82) Total (170) Boys (119) Girls (57) Total (176)
Height (cm) 144.0+ 7.9 143.7416.6 144.8+13.0 148.3 6.9 1473+ 7.7 147.8+ 7.2
Weight (kg) 372+ 8.0 37.6+ 8.2 37.4+ 8.0 55.7410.5 48.5+10.9 53.4+£112
Body fat mass (%) 18.1+ 92 214+ 6.4 19.8+ 7.8 38.5+ 6.6 352+ 7.6 36.9+ 7.1
BMI (%)" 17.9+ 2.6 17.6+ 2.6 1772 2.7 252+ 3.5 222+ 2.7 242+ 39
B-GLU (mg/dl)” 88.3+ 8.4 83.0+19.3 85.7+15.0 91.8+11.7* 81.9+20.2 88.6:15.6
GOT (u/L)? 30.6= 9.1 265+ 8.5 28.6% 9.0 32.7431.0 270+ 7.5 30. +17.9
GPT (u/L)? 25.5+10.5 19.8+11.8 22.7£17.0 40.6+13.7* 27.3+16.4* 36.2£37.5
TC (mg/dl)” 168.6+29.4 164.2437.2 166.5+33.4 180.24+29.2* 176.5+44.2 179.0+34.8
HDL-C (mg/d1)® 49.4+22.0 56.7+26.1 52.9+24.3 48.0+ 9.8 57.1£23.3 51.0+16.1
TG (mg/dl)” 66.2+46.9 60.9+37.6 63.7242.6 125.7+76.9* 101.7+64.4* 117.9273.8
LDL-C (mg/dl)® 115.0+39.3 130.4168.7 122.7£54.0 140.3+49.7* 130.7+56.0 135.6+55.0
AP 2.0+ 0.7 1.6+ 0.6 1.8+ 0.7 2.8+ 0.8 23+ 12* 27+ 09

Mean ages of Normal and obese children were 11.5+1.5yr, and 11.0£1.8yr.
( ): Number
All values are expressed as mean * standard deviation

* . Significant difference, p <0.05, from t-test between normal and obese in boys or in girls.

1) Body Mass Index

4) Glutamic pyruvic transaminase

7) Triglyceride .
9) atherogenic index ((TC-HDL-C/HDL-C) (mg/mg)

2) Blood glucose
5) Total cholesterol
8) Low-density lipoprotein (LDL) cholesterol was calculated by (Cholesterol-TG)/5+ HDL

3) Glutamine oxaloacetic transaminase
6) High density lipoprotein

Table 2. Concentration of serum antioxidant nutrients in normal and obese children

Normal Obese
Boys (88) Girls (82) Total (170) Boys (119) Girls (57) Total (176)
Zn (ug/dl) 94.7 +11.0 97.1 +12.7 959 %119 95.4 +17.9 97.0 +13.2 95.9+16.5
Retinol (mg/mi) 0.46x 0.12 0.48+ 0.14 0.47+ 0.14 0.44+10.14 0.49+ 0.15 0.46+ 0.15
Vitamin.E (mg/ml) 0.09+ 0.02 0.07+ 0.02 0.08+ 0.02 0.10+ 0.02 0.09+ 0.01 0.08+ 0.01
Vt.E/TC+TG (ﬂg_/ﬂg) 0.36+ 0.07 0.38+ 0.08 0.37+ 0.07 0.26+ 0.05** 0.31+ 0.04* 0.29+ 0.04"

Mean ages of Normal and obese children were 11.5+1.5yr. and 11.0+1.8 yr.

( ) : Number
Values are meant standard deviation
* Significantly different between normal and obese (p<0.05, t-test)

** Significantly different between normal and obese (p<0.01, t-test)



136 Antioxidant Vitamins and Obese Children

Table 3. Correlation coefficients among various serum components
and fat mass

Fat mass BGh® GO GPI® Zn  Retinol ‘;Aldtim“slfd}z
Zn 000 0043 0012 004 1000 0875 0959™
Retnol 0112 0077 0095 0046 - ; 0904
\f‘gr‘z‘:’% 0156 003 0011 0059 1000 1000
¥ p<0.05 **: p<0.01

1) Blood glucose
3) Glutamic pyruvic transaminase

2) Glutarmnine oxaloacetic transaminase

Table 2 shows the serum concentrations of vitamin E,
retinol, and zinc. Before the adjustment of vitamin E for
TG and TC, there were no statistical differences in serum
concentrations of vitamin E between normal and obese
children. However, after adjusting vitamin E for blood
TG and TC, obese children showed significantly lower
serum levels of vitamin E than normal children. Both
obese boys and obese girls had significantly lower vita-
min E concentrations than normal boys and girls
(p<0.05). For serum retinol concentrations, obese chil-
dren showed low retinol levels without reaching stat-
istical significance. No significant differences between
obese and normal children were found for serum zinc
concentration. Zinc values in girls, regardless of obese
status, seemed higher than those in boys, but not
significant.

The correlation coefficients among blood components
were shown in Table 3. Serum concentrations of retinol
(p<0.05) and vitamin E (p<0.05) were negatively
correlated with fat mass (%). Serum concentrations of
retinol and vitamin E were significantly correlated with
a value of r=0.094 (p<0.01). Correlation coefficient
between vitamin E and Zn was 0.959 (p<0.01), while that
between Zn and vitamin A was 0.875 (p<0.01).

DISCUSSION

The purpose of this study was to determine whether
obese children have increased risk for chronic diseases
such as diabetes, atherosclerosis, and obesity related liver
diseases, as well as altered antioxidant nutrients status.
This study also sought to determine whether those health
risk factors are associated with antioxidant status. In this
study, obese children showed higher blood glucose, GPT,
total blood cholesterol and triglyceride than normal
children (p<0.05, Table 1). Our results are consistent
with other studies, which showed possible risks for
chronic diseases in obese children.””

Among the antioxidant nutrients, vitamin E, retinol,
and zinc, only serum vitamin E was significantly de-
pleted in obese children (p<0.05, Table 2). Vitamin E
is the most effective antioxidant vitamin.”® Factors like
dietary intake of vitamin E and blood lipid profiles are
known to influence the blood vitamin E concentration.”*”
This study showed that dietary intake of vitamin E in
obese children was not related to serum vitamin E (data
not shown). Blood vitamin E is also influenced by serum
TG and TC concentrations.” Thus, serum vitamin E
concentrations were divided by the sums of serum TC
and TC. After the adjustment, significant differences in
blood vitamin E between normal and obese children were
found in this study (p<0.05, Table 2). These results sug-
gest that serum vitamin E was not sufficient enough to
play its antioxidant role in obese children, in spite of
increased serum cholesterol and triglyceride, and thus
obese children need to take more vitamin E containing
foods.

Several studies have also reported lower antioxidant
status in obese children."”” Decsi et al.'**® reported
lower serum concentrations of vitamin E and beta-car-
otene in a small number of obese children. Based on
NHANES III data, Strauss also reported subnormal se-
rum levels of beta-carotene and alpha-tocopherol in 726
obese children.'” Kuno er al’s studym reported that
obese girls showed low antioxidant blood levels of be-
ta-carotene and vitamin E. The exact mechanism by
which obese children have low blood vitamin E status
is not clearly understood at this time. It has been reported
that increased oxidative stress in the obese is involved
in the depletion of the body’s antioxidant system.’®*”
Dandona et al.*" reported that the obese had increased
reactive oxygen species by leukocytes, and weight loss
in the obese brought about the decrease in those free
radical formations. Vincent et al.* reported that obesity
predisposed the myocardium to oxidative stress and
Okita et al.*? reported that oxidative stress induced by
the fatty liver of the obese Zucker rat was reduced by
vitamin E administrations. Based on those studies and
the antioxidant characteristics of vitamin E, we can’t ex-
clude the possibility that low serum vitamin E in obese
children may be resulted due to increased oxidative stress
in the obese.

Vitamin E is an important factor in protecting against
LDL oxidation, which is one of the major causes of
arteriosclerosis.” Kuno er al’s study”) reported that obese
girls showed lower vitamin E levels and higher oxidation
of LDL, compared to normal children. This study also
found that serum vitamin E concentration was negatively
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correlated with fat mass (%) (p<0.05, Table 3). Therefore,
if obese children are not careful about their weights, their
serum vitamin E concentrations will become reduced,
increasing their risk for atherosclerosis. To prevent this
risk, consumption of foods rich in antioxidant vitamins,
especially vitamin E, should be encouraged for obese
children.

Retinol is a lipid soluble antioxidant, like vitamin E.
However, in our study, serum retinol was not significantly
different between normal and obese children (Table 2).
Decsi et al®® reported that body fat content was correlated
with plasma vitamin E but not with retinol, and suggested
that factors influencing the availability of retinal and
alpha-tocopherol in obese children might be different.
However, some studies reported that obese participants
had significantly lower vitamin A than normal weight
participants.***®

Lack of measurements for the serum concentration of
carotenoids could be the limitation of this study for the
following reasons; serum retinol concentration depends
on the intakes of both retinol, animal source of vitamin
A, and provitamin A, carotenoids in green and yellow
vegetables and fruits.*” A major source of vitamin A
(retinol) in Korea is from vegetables and fruits,*” and
thus measuring serum carotenoids levels will be more
accurately reflected vitamin A status in children.

One of the interesting nutrients in this study is zinc.
Zinc is also a cofactor of superoxide dismutase (SOD),
an antioxidant enzyme, and has an antioxidant role in
several oxidative processes.m Several studies reported

that zinc plays an important role in obesity metabolism, -

as the mediator of leptin, a hormone secreted by
adipocytes.”™ Chen et al™” reported that zinc supplementa-
tion reduced the insulin secretion activity in obese mice.

Many adult obesity studies reported low concentrations
of zinc in the obese.”’** Studies also reported that low
levels of zinc in the obese were involved in the
pathogenesis of chronic diseases such as diabetes and
heart diseases.”**” Unlike zinc studies in the adult obese,
studies of blood zinc levels in obese children have shown
controversial results.”*® Yakinci et al.*® reported that
41 obese children, aged 7-11, had significantly higher
serum zinc compared to controls. Mrreiro et al® found
that the zinc levels in plasma and erythrocyte of 23 obese
children were significantly lower than those in controls.
Ditoro et al.>® reported that the low blood level of zinc
in 55 obese children was normalized after receiving a
hypocaloric diet.

In this study, no differences of serum zinc between
normal and obese Korean children and no correlations

of zinc and other health indices were found. One possible
explanation for the result of this study is that zinc
deficiency is maybe related to the duration of obesity;
therefore, it may not be evident in children. Chen et al®
suggested that lower blood plasma zinc level was not
the short-term metabolic result. _

Compared to the above other studies, this study recruited
relatively large number of obese and normal children,
and thus this can be a strength of this study, in which
experimental errors of the study were minimized.
However, to clarify zinc status in obese children, more
studies about zinc and obesity are needed. Measuring SOD
— zinc dependent antioxidant enzyme- activity, or
measuring additional components of blood or hair zinc
concentration, besides the measurement of serum zinc,
will provide more accurate information for determining
the role of zinc as antioxidant in children obesity.

In conclusion, obese Korean children showed higher
risks of obesity related chronic diseases, and their serum
vitamin E concentrations were significantly depleted.
Therefore, careful monitoring of those health indices in
obese children is needed.

Literature Cited

1) .Korea Ministry Health and Welfare. *98 National Health and
Nutrition Survey, Nutrition Survey Report, 1999

2) Bray GA, Bouchard C, James WPT. Handbook of Obesity.
2nd ed. Marcel Dekker Inc. USA, 2004

3) Epstein LH, Wing RR, Valoski A. Childhood obesity. Pediatr
Clin N Am 32:363-379, 1985

4) Tell GS, Tuomilehto J, Epstein FH, Strasser T. Studies of
atherosclerosis determinants and precursors during childhood
and adolescence. Bull Wid Hith Org 64:595-560, 1986

5) Martin MM, Martin AL. Obesity, hyperinsulinism and
diabetes mellitus in childhood. J Pediarr 82:192-201, 1973

6) McGill HC Jr., McMahan CA. Determinants of atherosclerosis
in the young: Pathobiological Determinants of Atherosclerosis
in Youth (PDAY) Research Group. Am J Cardiol 82(10):30-36,
1998

7) Berensen GS, Srinivasan SR, Bao W, Newman WP, Tracy
RE, Wattigney WA. Association between multiple car-
diovascular risk factors and atherosclerosis in children and
young adults. N Engl J Med 338:1650-1656, 1988

8) Baldridge AD, Perez-Atayde AR, Graeme-Cook F, Higgins
L, Lavine JE. Idiopathic steatohepatitis.in childhood: A
multicenter retrospective study. J Peadir 127:700-704, 1995

9) Strauss RS, Barlow SE, Dietz W. Prevalence of abnormal
serum aminotransferase values in overweight and obese
adolescents. J Peadiar 136:727-733, 2000

10) Buiatti E, Munoz N, Kato I, Vivas J, Muggli R, Plummer



138 Antioxidant Vitamins and Obese Children

M, Benz M, Franceschi SW. The determinants of plasma
antioxidant vitamin levels in a population at high risk for
stomach cancer. Int J Cancer 65:317-322, 1996

11) Vincent HK, Powers SK, Stewart DJ, Shanely RA, Demirel
H, Naito H. Obesity is associated with increased myocardial
oxidative stress. J Int Assoc Obesity 23:67-74, 1999

12) Mettlin C. Epidemiologic studies of vitamin A and cancer.
Adv Nutr Res 6:47-50, 1984

13) Gey KF, Brubacher GB, Stahelin HB. Plasma levels of
antioxidant vitamins in relation to ischemic heart disease and
cancer. AM J Clin Nutr 45:1368-1377, 1987

14) Gey KF, Puska P, Jordan P, Moser UK. Inverse correlation
between plasma vitamin E and mortality from ischemic heart
disease in cross-cultural epidemiology. Am J Clin Nutr
53:326-334s, 1989

15) Vachlin LJ. Critical assessment of the epidemiological data
concerning the impact of antioxidant nutrients on cancer and
cardiovascular disease. Crit Rev Food Sci Nutr 35:41-50,
1995

16) Frei B, Stocker R, Ames BN. Antioxidants defenses and lipid
peroxidation in human blood plasma. Proc Naitl Acad Sci USA
85:9748-1752, 1988

17) Kuno T, Hozumi M, Morinobu T. Antioxidants vitamin levels
in plasma and low density lipoprotein of obese girls. Free
Rad Res 28:81-86, 1988 :

18) Decsi T, Moinar D, Koletzko B. Reduced plasma concen-
trations of alpha-tocopherol and beta-carotene in obese boys.
J Pediat 130:653-655, 1997

19) Strauss RS. Comparison serum concentrations of alpha-toco-
pherol and beta-carotene in a cross sectional sample of obese
and nonobese children. J Pediar 134:160-165, 1999

20) Decsi T, Molnar D, Koletzko B. Lipid corrected plasma
alpha-tocopherol values are inversely related to fasting
insulinaemia in obese children. Journal of the International
Association for the Study of Obesity 20(10):970-972, 1996

21) Bray T™M, Betlger W. The physiological role of zinc as an
antioxidant. Free Rad Biol Med 8:281-291, 1990

22) Di martino G. Matera MG, De Martino B, Vacca C, Martino
S, Rossi F. Relationship between Zinc and obesity. J Med
24:177-183, 1993

23) Ozata M, Mergen M, Oktenli C, Aydin A, Sanisoglu SY,
Bolu E, Yilmaz MI, Sayal A, Isimer A, Ozdemir IC. Increased
oxidative stress and hypozincemia in male obesity. Clinical
Biochemistry 35(8):627-31, 2002

24) Chen MD, Lin PY, Sheu WH. Zinc status in plasma of obese
individuals during glucose administration. Biol Tr Ele Res
60:123-9, 1997

25) Chen MD, Song YM, Lin PY. Zinc may be a mediator of
leptin production in humans. Life Sci 66(22):2143-9, 2002

26) Chen MD, Lin PY. Zinc-induced hyperleptinemia relates to
the amelioration of sucrose-induced obesity with zinc
repletion. Obesity Res 8(7):525-9, 2000

27) Chen MD, Liou 8], Lin PY, Yang VC, Alexander PS, Lin
WH. Effects of zinc supplementation on the plasma glucose

level and insulin activity in genetically obese (ob/ob) mice.
Biol Tr Ele Res 61(3):303-11, 1998

28) Yakinci C, Pac A, Kucukbay FZ, Tayfun M, Gul A. Serum
zinc, copper, and magnesium levels in obese children. Acta
Paedia Jap 39(3):339-41, 1997

29) Marreiro Ddo N, Fisberg M, Cozzolino SM. Zinc nutritional
status in obese children and adolescents. Biol Tr Ele Res
86(2):107-22, 2002

30) Di Toro A, Marotta A, Todisco N, Ponticiello. E, Collini R,
Di Lascio R, Perrone L. Unchanged iron and copper and
increased zinc in the blood of obese children after two
hypocaloric diets. Biol Tr Ele Res 57(2):97-104, 1997

31) Body fat recommendation. Futrex Inc., 1989

32) Lavine JE. Vitamin E treatment of nonalcoholic steatohepatitis
in children: a pilot study. J Pediar 136(6):734-738, 2000

33) Ahn HS, Park JK, Lee DH, Lee JH, Lee YJ. Clinical and
nutritional examination in obese children. Korean J Nutr
29:79-89, 1994

34) Klotzsch SG, McNamara JR. Triglyceride measurements: A
review of methods and interferences. Cin Chem 36:1605-1613,
1990

35) Friedwald WT, Levy RI, Fredricson DS. Estimation of the
concentration of low density cholesterol without use of the
preoperative ultra centrifuge. Clin Chem 18:499-502, 1972

36) Quaife ML, Dju MY. Chemical estimation of vitamin E in
tissue and tocopherol content of some normal human tissues.
H Biol Chem 180:211-220, 1989

37) Rosado JL, Lopez P, Munoz E, Matinez H, Allen LH. Zinc
supplementation reduces morbidity, but neither zinc nor iron
supplementation affects growth of body composition of
Mexican preschoolers. Am J Clin Nutr 65:12-29, 1997

38) Esterbauer H, Dieber-Rotheneder M, Striegl G, Waeg G.
Role of vitamin E in preventing the oxidation for low-density
lipoprotein. Am J Clin Nutr 53:314S-321S, 1991

39) Moor de Burgos A, Wartanowicz M, Ziemlanski S. Blood
vitamin and lipid levels in overweight and obese women. Eur
J Clin Nutr 46(11):803-8, 1992

40) Horwitt MK, Jarvey CC, Dahm CH, Scarcy MT. Relationship
between tocopherol and serum lipid levels for determination
of nutritional adequacy. Ann NY Acad Sci 203:223-236, 1976

41) Dandona P, Mohanty P, Ghanim H, Aljada A, Browne R,
Hamouda W, Prabhala A, Afzal A, Garg R. The suppressive
effect of dietary restriction and weight loss in the obese on
the generation of reactive oxygen species by leukocytes, lipid
peroxidation, and protein carbonylation. J Clin Endo Metab
86(1):355-62, 2001

42) Vincent HK, Powers SK, Stewart DJ, Shanely RA, Demirel
H, Naito H. Obesity is associated with increased myocardial
oxidative stress. Intl J Obesity 23(1):67-74, 1999

43) Okita M, Hayashi M, Sasagawa T, Takagi K, Suzuki K,
Kinoyama S, Ito T, Yamada G. Effect of a moderately
energy-restricted diet on obese patients with fatty liver.
Nutrition 17(7-8):542-7, 2001

44) Mezzetti A, Lapenna D, Pierdomenico SD, Calafiore AM,



WonMyo Lee e . 139

Costantini F, Riario-Sforza G, Imbastaro T, Neri M, Cuccurullo
M. The vitamin E, C and lipid peroxidation in plasma and
arterial tissue of smokers and non-smokers. Atherosclerosis
112:91-99, 1995

45) Neuhouser ML, Rock CL, Eldridge AL, Kristal AR, Patterson
RE, Cooper DA, Neumark-Sztainer D, Cheskin LJ, Thornquist
MD. Serum concentrations of retinol, alpha-tocopherol and
the carotenoids are influenced by diet, race and obesity in

a sample of healthy adolescents. J Nutr 131(8):2184-91, 2001
46) Morinobu T, Murata T, Takaya R, Tamai H. Nutritional status
of beta-carotene, alpha-tocopherol and retinol in obese
children. International J Vit Nutr Res 72(3):119-23, 2002
47) HR Jeong, HY Na. The effect of school lunch program on
the blood composition of the school children. Korean J Nutr
26:189-195, 1993



