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Abstract

Introduction: Although lipid peroxidation products are formed during normal cell metabolism, they
appear mostly in pathological conditions via producing an excess of free radicals that can react with
unsaturated fatty acids, in particular low-density lipoprotein (LDL).

The aim of this study was to investigate the relations between oxidized LDL (oxLDL), the fat-soluble
vitamin status and the anthropometric parameters in prepubertal obese children.

Material and methods: Thirty-two obese (SDS-BMI >2) and 25 non-obese children (SDS-BMI <-1+1>)
were included in the study. The concentration of oxLDL was determined in the serum by the ELISA assay.
Vitamin A and E were measured by the high-pressure liquid chromatography method. Total cholesterol,
LDL- and HDL-cholesterol, and triglyceride levels were determined by enzymatic methods.

Results: The concentrations of oxLDL and vitamin A were higher in obese children than in normal-
weight controls by about 50% (p=0.01) and 40% (p=0.001), respectively. In obese children the significant
positive correlation was found between oxLDL and vitamin A concentrations (p<0.05). In addition,
oxLDL correlated positively with BMI values (p<0.05) and the amount of fat mass (kg) (p<0.02) in these
patients. Concentrations of vitamins A and E correlated with the level of total cholesterol (p<0.05; p<0.01,
respectively).Moreover, a positive correlation between vitamin E and LDL-cholesterol was observed
(p<0.05).

Conclusions: Our preliminary study shows that oxLDL starts early during the prepubertal period and
may precede atherosclerotic lesions. We suggest there is an occurrence of relationships between vitamin
A and oxidized LDL in prepubertal obese children. Vitamin A and E concentrations are also associated
with dyslipidemia in these patients.
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Streszczenie

Wprowadzenie: Produkty peroksydacji lipidéw powstajq w czasie fizjologicznych przemian
zachodzqcych w komérkach. Jednakze, znacznie czesciej pojawiajq sie w stanach patologicznych, gdy
nadmiar wolnych rodnikéw reaguje z nienasyconymi kwasami ttuszczowymi szczegdlnie lipoprotein
o niskiej gestosci (LDL).
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Celem pracy byto zbadanie zaleznosci pomiedzy oksydowanymi LDL (oxLDL), statusem witamin
rozpuszczalnych w ttuszczach a parametrami antropometrycznymi u dzieci otytych w okresie
przedpokwitaniowym.

Materiat i metody: Grupe badanqg stanowito 32 dzieci otytych (SDS-BMI >2) oraz 20 dzieci
z prawidtowq masq ciata (SDS-BMI <-1+1>). Stezenie oxLDL oznaczano w surowicy za pomocq
testu ELISA. Witamine A i E mierzono metodq wysokocisnieniowej chromatografii cieczowej. Poziom
catkowitego cholesterolu, cholesterolu LDL i HDL oraz poziom triglicerydéw oznaczano metodami
enzymatycznymi.

Wyniki: Stezenie oxLDL i witaminy A byto wyzsze u dzieci otytych niz w grupie kontrolnej odpowiednio
o0 okoto 50% (p=0,01) i 40% (p=0,001). U dzieci otytych stwierdzono istotnq dodatniq korelacje miedzy
stezeniem oxLDL a stezeniem witaminy A (p<0,05). Ponadto, stezenie oxLDL korelowato pozytywnie z
wartosciami BMI (p<0,05) i ilosciq tkanki ttuszczowej (kg) (p<0,02) u tych pacjentdw. SteZzenia witamin
A i E korelowaty z poziomem cholesterolu catkowitego (odpowiednio p<0,05, p<0,01). Oprécz tego
zaobserwowano dodatniq korelacje pomiedzy witaming E i cholesterolem frakcji LDL (p<0,05).
Whnioski: Wstepne badanie wykazaty, Ze wzrost stezenia oxLDL pojawia sie u dzieci otytych juz w
okresie przedpokwitaniowym i moze poprzedza¢ u nich zmiany miazdzycowe. Uzyskane wyniki
sugerujq wystepowanie zaleznosci pomiedzy witaming A i oxLDL u tych pacjentéw. Stwierdzono
tez zwiqzki pomiedzy stezeniem witaminy A i E we krwi a dyslipidemiq u dzieci otytych w okresie
przedpokwitaniowym.

Stowa kluczowe: witaminy rozpuszczalne w ttuszczach, oksydowane LDL, okres przedpokwitaniowy
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INTRODUCTION

According to many studies, oxidant-antioxidant
balance is needed to prevent freeradical-induced
damage in nucleic acids, proteins and lipid structures.
An important consequence of disturbances in the oxidant-
antioxidant balance is lipid peroxidation [1]. Although
lipid peroxidation products are formed during normal
cell metabolism, these appear mostly in pathological
conditions via producing an excess of free radicals that
can react with unsaturated fatty acids, in particular low-
density lipoprotein (LDL) [2]. In adults, higher oxLDL
concentrations have been associated with higher body
mass index (BMI), body fat, and insulin resistance [3-5].
Oxidation of this protein is considered a key factor in the
pathogenesis of the metabolic syndrome, atherosclerosis
and cardiovascular disease (). Elevated oxidized LDL
(oxLDL) concentrations were observed mostly in obese
adults, but much less is known about its relation to obesity
in childhood [6-8]. In addition, obesity in adults and
children is associated with an inflammatory condition
that correlates with oxidative stress and may cause greater
utilization of antioxidants [9].

Fat-soluble vitamins, which act as free radical
scavengers, belong to the most important components
of the antioxidant defense of lipids. It is suggested that
the process of reducing oxidative damages may require
higher concentrations of antioxidants, such as vitamin A
and vitamin E [10]. Vitamin A (retinol) is a micronutrient
required for growth and development, conceivably affecting
lipid metabolism, energy regulation and body composition
[11]. Vitamin E is most commonly found in the form of
alpha-tocopherol and acts as a peroxyl scavenger and thus
prevents the oxidation of membrane lipids [12]. Given

the importance of these vitamins in lipid metabolism,
there is also a need to investigate the relationship between
fat-soluble vitamins and lipid peroxidation products in
obesity. Recent studies in young populations suggest that
fat deposition and chronic inflammation are associated
with deficiencies in concentrations of fat-soluble vitamins
[13-15]. Other studies show positive relations between
levels of these vitamins and measures of obesity [16].
Thus, research data concerning these associations in
obese children are inconsistent.

Therefore, the aim of this study was to investigate the
relations between oxidized low-density lipoproteins, fat-
soluble vitamin status and anthropometric parameters
in prepubertal obese children.

METHODS

Thirty-two obese children (age, 7.8+1.5 years; boys,
47%) were included in the study. Healthy normal-weight
children (n=25) were the reference group. Obese and non-
obese children who were taking medications that could
affect growth, pubertal development, nutritional status or
dietary intake were not included. Physical examination
was performed and body mass index (BMI) was calculated.
Children were classified as obese (SDS-BMI >2) and
non-obese (SDS-BMI <-1+1>). Body composition was
measured by dual-energy X-ray absorptiometry (DXA)
using Lunar Prodigy (General Electric Healthcare, UK)
with pediatric software 9.30.044.

We assessed the average daily energy intake and
the percentage of energy intake from protein, fat and
carbohydrates in the diets of obese and non-obese children.
Patients had 3-5 meals every day. The dietary intake and
physical activity data were collected using randomly
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selected 3-day records. Average daily food rations and
their nutritional value were calculated using nutritional
analysis software (Dieta5’) [17].

Venous blood samples were collected between 8.00
and 10.00 in the morning after overnight fasting and
centrifuged (1000g for 10 min at 4°C). The concentration
of oxLDL was determined in the serum by the ELISA assay
(Immundiagnostik AG, Germany). Vitamins A and E in
the serum were determined by the high-pressure liquid
chromatography method (HPLC), (Knauer, Germany)
[18]. Total cholesterol, LDL- and HDL-cholesterol and
triglyceride levels were measured by enzymatic methods
(ROCHE, Switzerland).

This study had been approved by the Ethics Committee
of the Institute of Mother and Child. Informed consent
was obtained from the parents of all the examined
children.

Statistical analysis was performed using Statistica
version 8.0. The results are presented as meantstandard
deviation (SD) for normally distributed data or medians
and interquartile range (25"-75" percentiles) for non-
normally distributed variables. The Kolmogorov-Smirnov
test and graphical inspections of data were used for
evaluating the distribution for normality. Differences in
anthropometric characteristics and biochemical parameters
of obese and non-obese children were assessed using
the Student’s t-test for normally distributed data and the
non-parametric Mann-Whitney test for non-normally
distributed variables. Spearman or Pearson correlations
between parameters were calculated. Data are presented
with p<0.05 considered statistically significant.

RESULTS

As expected, there are significant differences in the
body weight, BMI and body composition between obese
and non-obese children of the same age (tab. I). Average
BMI was about 50% (p<0.001) higher in obese patients
than in controls. The obese children had a fourfold greater
(p<0.001) fat mass and 2-fold higher percentage of fat mass
(p<0.001) compared with non-obese subjects. Moreover,
obese patients had greater lean tissue mass and total BMC
by approximately 30% (p<0.001). The daily energy intake
of obese children before intervention was higher (p<0.05)
compared with the controls. However, the proportions
of protein, fat and carbohydrates in the daily energy
intake were similar in both groups (tab. I).

The concentrations of oxLDL and vitamin A were
higher in obese children than in normal-weight
controls by about 50% (p=0.01) and 40% (p=0.001),
respectively (tab. IT). No difference was observed in the
concentration of vitamin E between both groups. The
level of HDL-cholesterol was lower (p=0.001), while
the level of triglyceride was higher (p=0.01) in obese
children than in controls.

A significant positive correlation was found between
oxLDL and vitamin A concentrations (p<0.05) in obese
children (tab. III). In addition, oxLDL correlated positively
with BMI values (p<0.05) and the amount of fat mass
(kg) (p<0.02) in these patients. No correlations were
observed between oxLDL and lipid parameters.
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Concentrations of vitamins A and E correlated with
the level of total cholesterol (p<0.05; p<0.01, respectively).
In addition, vitamin E correlated positively with LDL-
cholesterol (p<0.05). No correlations were observed
between fat-soluble vitamins and triglycerides, or HDL-
cholesterol.

DISCUSSION

Oxidized low-density lipoprotein is one that may
reflect the oxidative stress in organisms [19]. An increase
in oxLDL concentrations was found in populations of
obese children with a wide age range and different
pubertal stages [7-9, 20]. In this study, we showed higher
concentrations of oxLDL associated with dyslipidemia
including lower concentrations of HDL-cholesterol and
higher concentrations of triglyceride in prepubertal obese
children compared with normal-weight subjects. Similarly
to our results, Okur et al. [8] observed higher values of
oxidized protein related with disturbances in the lipid
profile in obese children during the same pubertal stage.
In addition, we observed positive relations between oxLDL
and BMLI, as well as the amount of fat mass (kg), but not
the percentage of fat mass (%). It is suggested that greater
adiposity, especially abdominal fat and low-extremity
adiposity is associated with increased levels of oxidative
stress. Furthermore, higher waist circumference, leptin
and insulin resistance have been significantly linked with
higher oxLDL levels in pediatric populations [8, 21].
These changes might be partially reversible by lifestyle
intervention, even if patients do not reach normal body
weight [22].

According to many authors, greater adiposity is
associated with increased levels of oxidative stress,
leading to reduced concentrations of antioxidants,
including fat-soluble vitamins [9, 23]. These associations
may result from differences in the energy intake and/
or sequestering of lipophilic vitamins in adipose tissue
[24]. Lower values of fat-soluble vitamins in American
and European populations of obese children compared
with normal-weight controls were observed [25, 26]. In
addition, it is suggested that the increased production of
reactive oxygen species in obesity may lead to increased
utilization and thus low availability of antioxidant enzymes
and vitamins [27].

In opposition to these studies, we found higher
concentrations of vitamin A in obese than in normal-
weight children, but these values are still within the
reference range (0.8-2.8 pmol/l) [28]. A significant
association between serum retinol concentrations and
adiposity was found by Gunanti et al. [15] in Mexican-
American children 8-15 years of age. Garcia et al. [16]
also observed positively associated vitamin A with BMI
and abdominal fat mass in Mexican school-age children.
In addition, serum retinol concentrations were elevated
in overweight and obese Brazilian adolescents, while
no differences in vitamin E concentrations were found
between these groups [29]. It seems that the homeostatic
regulation of vitamin A through storage in the liver
and controlled release from the liver may provide tissue
with optimal amounts of retinol, in this way protecting
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Table I.

Anthropometric characteristics and dietary intake of obese and non-obese children.
Tabela I. Charakterystyka wybranych cech antropometrycznych i udziat podstawowych sktadnikow pokarmowych

w sredniej racji pokarmowej u dzieci otytych i w grupie kontrolnej.

Obese children Non-obese children P-value
Dzieci otyfte Dzieci z prawidtowq masa ciata P
Age (y)?
Wiek (lata) 7.8+1.2 7515 0.479
Girls/Boys
Dziewczynki/Chtopcy 17/15 13/12
Weight (kg)® ) )
Masa ciata (kg)® 40.2 (36.7-49.7) 23.4 (19.8-26.7) <0.001
BMI (kg/m?)®
BMI (kg/m?)? 23.4 (21.1-24.7) 15.3 (14.5 -15.9) <0.001
Body composition:
Sktad ciata:
Fat mass (%)?
Masa ttuszczowa (%)° 40.7+4.5 20.2+6.3 <0.001
Fat mass (kg)® ) .
Masa thuszczowa (kg)? 15.8 (12.8-19.6) 4.0 (2.9-5.8) <0.001
Lean mass (kg)?
Masa miesniowa (kg)° 245+3.0 18.4+3.0 <0.001
Total BMC (kg)®
Catkowite BMC (kg)? 1.2 (1.0-1.4) 0.9 (0.7 -1.0) <0.001
Dietary intake:
Udziat podstawowych
sktadnikow pokarmowych:
Energy (kcal/d)® ) .
Energia (kcal/d)? 1745 (1331-2075) 1540 (1240-1824) 0.032
Protein (% of energy intake)® ) )
Udziat energii z biatka (%) 13.2 (12.1-15.0) 13.8 (11.5-14.6) 0.445
Carbohydrate (% of energy intake)® ) )
Udziat energii z weglowodandw (%) 53.5(49.0-56.4) 52.2 (47.2-56.3) 0.548
Fat (% of energy intake)® ) ) 0.939
Udziat energii z Huszczu (%) 33.3(30.6-36.8) 34.0(29.4-39.5)
3Data are presented as mean valuestSD; Dane przedstawione jako wartosci srednie+SD
bData are presented as median values (25""-75'" percentiles); Dane przedstawione jako mediany (25-75 percentyl)
BMC, bone mineral content (zawartos¢ mineratéw w kosccu)
Table Il.  Biochemical measurements in obese and non-obese children.
Tabela Il. Parametry biochemiczne u dzieci otytych i w grupie kontrolnej.
Obese children Non-obese children P-value
Dzieci otyfte Dzieci z prawidfowq masgq ciata P
oxLDL(ng/ml)® 466 (313 - 658) 303(167-438) 0.010
Vitamin A (umol/1)? 1.62+0.46 1.15+0.13 0.001
Vitamin E (umol/1)? 18.5+5.24 17.1+1.76 0.238
LDL-cholesterol (mg/dl)® 104(94-117) 105(95-118) 0.799
HDL-cholesterol(mg/dI)? 49.7+8.4 62.0+9.3 0.001
Total-cholesterol(mg/dI)? 171+20 177 +20 0.368
Triglycerides (mg/dl)® 79.0(59.8-129) 56.5(42.8-77.8) 0.010

2Data are presented as mean valuestSD; Dane przedstawione jako wartosci Srednie+SD
Data are presented as median values (25"-75" percentiles); Dane przedstawione jako mediany (25-75 percentyl)
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Table Ill. Relationships between biochemical and anthropometric parameters in obese children.
Tabela lll. Zaleznosci pomiedzy parametrami biochemicznymi i antropometrycznymi u dzieci otytych.
BMI Fat mass (%) Fat mass (kg) Total-cholesterol LDL-cholesterol oxLDL
BMI Masa tluszczowa | Masa tfuszczowa | Catkowity cholesterol | LDL-cholesterol oxLDL
oxLDL 0.360* 0.330 0.408** -0.055 -0.008 -
Vitamin A -0.003 0.040 0.030 0.381* 0.331 0.348*
Vitamin E -0.280 -0.220 -0.257 0.448%** 0.386* 0.128

*p<0.05; **p<0.02; ***p<0.01

against the toxicity of this vitamin [15]. However, it is
not impossible that the process of reduction of oxidative
damages requires increased antioxidant concentrations,
among them fat-soluble vitamins.

We observed positive correlations between oxLDL and
vitamin A in prepubertal obese children. However, no
relations between oxidized protein and vitamin E were
obtained in these patients. Similar to us, Beck et al. [30]
observed higher values of oxLDL in obese women, and did
not find any association between oxidized LDL and vitamin
E in obese subjects. Moreover, Albuquerque et al. [29]
found that elevated serum retinol but not alpha-tocopherol
concentrations were associated with dyslipidemia in
overweight or obese adolescents. Relations between both
vitamins and lipid parameters were showed by Garcia et
al. [16]. These authors found positive relations in obese
children between fat-soluble vitamins and triglycerides, as
well as total cholesterol. In our previous and in presented
studies we found disturbances in body composition and
abnormal lipid profile in prepubertal obese children
(31, 32). In this study we also found positive relations
between vitamins A and E and total cholesterol and
additionally between vitamin E and LDL-cholesterol in
obese patients. We agree that higher concentrations of
lipids may require higher concentrations of fat-soluble
vitamins to prevent deficiencies of these vitamins and
increased risk of cardiovascular diseases [16].

CONCLUSION

Our preliminary study shows that oxLDL starts
early during the prepubertal period and may precede
atherosclerotic lesions. We suggest the occurrence of
relationships between vitamin A and oxidized LDL in
prepubertal obese children. Vitamin A and E concentrations
are also associated with dyslipidemia in these patients.

REFERENCES

1. Chiavaroli V, Giannini C, De Marco S, Chiarelli F, Mohn
A. Unbalanced oxidant-antioxidant status and its effects
in pediatric diseases. Redox Report 2011;16:101-107.

2. Hansson GK. Inflammation, atherosclerosis, and coronary
artery disease. The New England Journal of Medicine
2005;352:1685-1695.

3. Neuparth M]J, Proencga JB, Santos-Silva A, Coimbra S.
Adipokines, oxidized low-density lipoprotein, and C-reactive

10.

11.

12.

13.

protein levels in lean, overweight, and obese Portuguese
patients with type 2 diabetes. ISRN Obesity, 2013, doi:
10.1155/2013/142097.

. Babakr AT, Elsheikh OM, Almarzouki AA, Assiri AM,

Abdalla BE, Zaki HY, Fatani SH, NourEldin EM. Relationship
between oxidized low-density lipoprotein antibodies and
obesity in different glycemic situations. Diabetes, Metabolic
Syndrome and Obesity: Targets and Therapy 2014;7:513-
520.

. Park JH, Park H, Lim ST, Park JK. Effects of a 12-week

healthy-life exercise program on oxidized low-density
lipoprotein cholesterol and carotid intima-media thickness
in obese elderly women. Journal of Physical Therapy Science
2015;27(5):1435-1439.

. Kelly AS, Jacobs DR Jr, Sinaiko AR, Moran A, Steffen

LM, Steinberger J. Relation of circulating oxidized LDL
to obesity and insulin resistance in children. Pediatric
Diabetes 2010;11(8):552-555.

.Norris AL, Steinberger ], Steffen LM, Metzig AM,

Schwarzenberg SJ, Kelly AS. Circulating oxidized LDL
and inflammation in extreme pediatric obesity. Obesity
(Silver Spring) 2011;19(7):1415-1419.

. Okur I, Tumer L, Ezgu FS, Yesilkaya E, Aral A, Oktar SO,

Bideci A, Hasanoglu A. Oxidized low-density lipoprotein
levels and carotid intima-media thickness as markers of
early atherosclerosis in prepubertal obese children. Journal
of Pediatric Endocrinology and Metabolism 2013;26(7-
8):657-662.

. Vincent HK, Innes KE, Vincent KR. Oxidative stress

and potential interventions to reduce oxidative stress in
overweight and obesity. Diabetes, Obesity and Metabolism
2007;9:813-839.

Mikoluc B, Motkowski R, Karpinska ], Piotrowska-Jastrzebska
J. Plasma levels of vitamins A and E, coenzyme Q10, and
anti-ox-LDL antibody titer in children treated with an
elimination diet due to food hypersensitivity. International
Journal for Vitamin and Nutrition Research 2009;79:328-
336.

Kiefer FW, Orasanu G, Nallamshetty S, Brown JD, Wang H,
Luger P, Qi NR, Burant CE, Duester G, Plutzky ]. Retinaldehyde
dehydrogenase 1 coordinates hepatic gluconeogenesis and
lipid metabolism. Endocrinology. 2012;153:3089-3099.
Niki E. Role of vitamin E as a lipid-soluble peroxyl radical
scavenger: in vitro and in vivo evidence. Free Radical
Biology and Medicine 2014;66:3-12.

Sarni RO, Suano de Souza FI, Ramalho RA, Schoeps Dde
O, Kochi C, Catherino P, Dias MC, Pessotti CE, Mattoso LC,



14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24,

25.

26.

Relations between oxidized low-density lipoproteins and fat-soluble vitamin concentrations in obese children 271

Colugnat FA. Serum retinol and total carotene concentrations
in obese pre-school children. Medical Science Monitor
2005;11:CR510-514.

Wei X, Peng R, Cao J, Kang Y, Qu P, Liu Y, Xiao X, Li T.
Serum vitamin A status is associated with obesity and
the metabolic syndrome among school-age children in
Chonggqing, China. Asia Pacific Journal of Clinical Nutrition
2016;25:563-570.

Gunanti IR, Marks GC, Al-Mamun A, Long KZ. Low serum
concentrations of carotenoids and vitamin E are associated
with high adiposity in Mexican-American children. The
Journal of Nutrition 2014;144:489-495.

Garcia OP, Ronquillo D, del Carmen Caamafio M, Martinez
G, Camacho M, Lépez V, Rosado JL. Zing, iron and vitamins
A, C and E are associated with obesity, inflammation,
lipid profile and insulin resistance in Mexican school-aged
children. Nutrients 2013;5:5012-5030.

Wajszczyk B, Chwojnowska Z, Nasiadko D, Rybaczuk
M. Dieta 5.0 software for individual and group nutrition
assessment and diet planning. National Food and Nutrition
Institute, Warsaw, Poland, 2015.

Zaman Z, Fielden P, Frost PG. Simultaneous determination
of vitamins A and E and carotenoids in plasma by reversed-
phase HPLC in elderly and younger subjects. Clinical
Chemistry 1993;39:2229-2234.

Itabe H, Ueda M. Measurement of plasma oxidized low-
density lipoprotein and its clinical implications. Journal
of Atherosclerosis and Thrombosis 2007;14:1-11.
Matusik P, Prokopowicz Z, Norek B, Olszanecka-
Glinianowicz M, Chudek J, Malecka-Tendera E. Oxidative/
Antioxidative status in obese and sport trained children: a
comparative study. Biomed Research International 2015;
doi: 10.1155/2015/315747.

Kelishadi R, Hashemi M, Mohammadifard N, Asgary S,
Khavarian N. Association of changes in oxidative and
proinflammatory states with changes in vascular function
after a lifestyle modification trial among obese children.
Clinical Chemistry 2008;54:147-153.

Morell-Azanza L, Garcia-Calzén S, Rendo-Urteaga T, Martin-
Calvo N, Chueca M, Martinez JA, Azcona-Sanjulian MC,
Marti A. Serum oxidized low-density lipoprotein levels
are related to cardiometabolic risk and decreased after a
weight loss treatment in obese children and adolescents.
Pediatric Diabetes 2016; doi: 10.1111/pedi.12405.
Strauss RS. Comparison of serum concentrations of alpha-
tocopherol and beta-carotene in a cross-sectional sample
of obese and nonobese children (NHANES III). National
Health and Nutrition Examination Survey. The Journal of
Pediatrics 1999;134:160-165.

Landrier JE, Marcotorchino J, Tourniaire F. Lipophilic
micronutrients and adipose tissue biology. Nutrients
2012;4:1622-1649.

Ford ES, Gillespie C, Ballew C, Sowell A, Mannino DM.
Serum carotenoid concentrations in US children and
adolescents. The American Journal of Clinical Nutrition
2002;76:818-827.

Mohn A, Catino M, Capanna R, Giannini C, Marcovecchio
M, Chiarelli E Increased oxidative stress in prepubertal

27.

28.

29.

30.

31.

32.

severely obese children: effect of a dietary restriction-
weight loss program. Journal of Clinical Endocrinology
and Metabolism 2005;90:2653-2658.

Murer SB, Aeberli I, Braegger CP, Gittermann M, Hersberger
M, Leonard SW, Taylor AW, Traber MG, Zimmermann
MB. Antioxidant supplements reduced oxidative stress and
stabilized liver function tests but did not reduce inflammation
in a randomized controlled trial in obese children and
adolescents. The Journal of Nutrition 2014;144:193-201.
Prészynska K, Lorenc RS. Witaminy A,D,E znaczenie,
zapotrzebowanie, suplementacja, toksycznos¢. Medycyna
2000 1992;3: 40-43.

Albuquerque MN, Diniz Ada S, Arruda IK. Elevated serum
retinol and low beta-carotene but not alpha-tocopherol
concentrations are associated with dyslipidemia in Brazilian
adolescents. Journal of Nutritional Science and Vitaminology
(Tokyo) 2016;62:73-80.

Beck ], Ferrucci L, Sun K, Fried LP, Varadhan R, Walston J,
Guralnik JM, Semba RD. Circulating oxidized low-density
lipoproteins are associated with overweight, obesity, and low
serum carotenoids in older community-dwelling women.
Nutrition 2008;24:964-968.

Gajewska ], Klemarczyk W, Ambroszkiewicz ], Chelchowska
M, Riahi A, Zielinska A, Oltarzewski M, Laskowska-Klita
T. Effect of weight reduction programme on C-peptide
concentration and lipid profile in obese children aged 4
to 10 years. Medycyna Wieku Rozwojowego 2010;14:357-
364.

Gajewska J, Weker H, Ambroszkiewicz ], Chelchowska M,
Wiech M, Laskowska-Klita T. Changes in concentration
of serum adiponectin multimeric forms following weight
reduction programme in prepubertal obese children.
Medycyna Wieku Rozwojowego 2011;15:298-305.

Author’s contributions/Wklad Autorow
According to the order of the Authorship/Wedlug kolejnosci

Conlflicts of interest/Konflikt interesu
The Authors declare no conflict of interest.
Autorzy pracy nie zglaszaja konfliktu intereséw.

Received/Nadestano: 07.06.2017 r.
Accepted/Zaakceptowano: 20.06.2017 r.

Published online/Dost¢pne online

Address for correspondence:

Joanna Gajewska

Screening Department

Institute of Mother and Child
Kasprzaka 17a, 01-211 Warsaw

tel, (048 22) 32-77-260,

e-mail: joanna.gajewska@imid.med.pl



