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ABSTRACT

Childhood obesity is a predisposing factor for adalrdiovascular diseases.
Human serum paraoxonase (PON1) may protect agathetosclerosis by
hydrolyzing lipid peroxides in oxidized LDL. Altetians and potential
correlations of PON1 activities, leptin and adipctire levels in childhood
obesity were studied. We investigated the effectsbbrt-term lifestyle
changes on the alteration of PON1 activities, tepdidiponectin, E-selectin,
asymmetric dimethylarginine (ADMA) as atherogenied aantiatherogenic
factors in obese children and markers of endothdyisfunction.

We measured PON1 paraoxonase and arylesteraséiestignthropometric
parameters, leptin and adiponectin levels in 5%eaylobese (age: 11,9+1,6
years) and 51 normal-weight children (age: 12,08&€rs). Twenty-three
white obese and overweight children participated two-week long lifestyle
camp based on diet and exercise program. Overweigtt obesity were
defined according to the national body mass inééarence tables for age and
gender.

Obese children had significantly lower PON1 paramas® and arylesterase
activities, higher leptin and lower adiponectinds/compared to the normal-
weight group. PON1 arylesterase activity showed eligg univariate
correlation with leptin and positive correlationtiwiadiponectin levels. In
multiple regression analysis adiponectin was siyoagsociated with PON1
arylesterase activity in obese children. After tweek long supervised diet
and aerobic exercise obese children had significadecreased leptin,
ADMA, E-selectin level, whereas they had signifitanincreased PON1

paraoxonase activity besides the antiatherogetecasibn of the lipid profile
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and significant weight change. Adiponectin and PQCafilesterase activity
did not change significantly.

Our results emphasize the importance of the inyastd metabolic alterations
which may have further effects on cardiovascularhigity and mortality in
later adulthood. Altered levels of leptin, adipoim@ and PON1 activities may
be useful markers beside the general risk fac@us. investigations suggest
that modifications in dietary habits and physicattivaty induce
antiatherogenic changes in childhood obesity. THes#ings highlight the
major role of primary prevention and non-pharmaicauttreatment of
childhood obesity through lifestyle changes baseddiet and increased

physical activity.



INTRODUCTION

Childhood obesity

Adult and childhood obesity show increasing tenglemorldwide. Obesity
contributes to higher prevalence of cardiovascudaeases and other
comorbidities as insulin resistance, type two diebenellitus, dyslipidemia,
hypertension, chronic obstructive pulmonary disgasm-alcoholic fatty
liver disease and malignancies. Childhood obedip aontributes to the
higher prevalence of cardiovascular morbidity ie ter adulthood.

Both genetic and environmental factors can leath¢cexpansion of adipose
tissue and to the failure of energy homeostasth@body. The disturbance
of metabolic processes can result in the developwieobesity through the
increase of energy intake and/or the decrease efggnexpenditure.
Excessive food intake, lack of physical activitydgsychological alterations
belong to the environmental factors. The calcutatid body mass index
(BMI) is used for the determination of obesity iduithood. Body mass
index is defined as the individual's body mass ddidi by the square of
height. BMI greater than 25 kgfris considered overweight and above 30 is
considered obese. BMI percentile is used for #terchination of childhood
obesity that allows comparison with children of tb@me sex and age.
Children above 90 percentile are considered toveeweight and above 97
percentile to be obese according to the Hungariaediafric
recommendations. Central obesity can contributeht® development of
insulin resistance, type two diabetes mellitus, dnignsion and coronary
artery disease which is attributed to the expansibithe intraperitoneal

adipose tissue and its adipokine profile.



The prevention of childhood obesity is regardedaasimportant issue
because of its irreversible complications in acudih Prevention plays main
role in management of childhood obesity which isdabon lifestyle changes
as diet and increased physical activity. Most & pediatric protocols in
childhood obesity recommend intervention above 98l Bercentile and
between 85-94 percentile with other comorbiditiesd gositive family
history.

Low-carbohydrate, low-fat, low-calorie and Meditarean diet types are
used during lifestyle interventions; diets shoutthtein less energy needed
for the maintenance of body weight but should roldss than 1200 kcal per
day. Data regarding the efficacy of diet types areonsistent in the
literature. Regular physical activity and diet deso the improvement of
insulin resistance, decrease in triglyceride, tathblesterol and LDL-C
levels. Most of the investigations have shown iaseein HDL-C levels and
improvement in endothelial dysfunction in obesitPharmacological
therapies and bariatric surgery could be the nextssafter unsuccessful
lifestyle interventions regarding the therapy oésity; however, they are not

recommended under the age of 18 in Hungary.

Adipokines

Adipose tissue is an active hormone-producing ésbasides its passive
energy storage. These hormones are called adimkiheech play regulatory
role in the immune system, thrombotic processes emetgy balance. The
adipokine profile of the expanding visceral adiptssue maintains a chronic
inflammatory state which is responsible for the elepment of metabolic

alterations and accelerated atherosclerosis intgbes



Leptin

Leptin is a 16 kDa protein hormone which plays meote in the energy
balance of the body. Leptin is produced mainlyxpanding adipocytes after
excessive energy intake; it affects the hypothatameigion by decreasing
appetite and increases energy expenditure and fadtg oxidation in
peripheral tissues. Besides these effects, lepéysprole in immunological
processes and sexual maturation in adolescents, too

Obese adults and children have an increased Idvédptin which shows
positive correlation with the amount of body fatMiBand other metabolic
factors as triglyceride, LDL-C levels, blood pressualues, CRP levels and
negative correlation with HDL-C levels. Elevategtla levels are not only
due to the increased amount of adipose tissuelbaitta leptin resistance in
obesity. Increased leptin levels have atherogeaiential by stimulating the
production of endothelin-1 in endothelial cellse tactivity of inflammatory
cells, migration of vascular smooth muscle cellsl &y increasing the
production of reactive oxygen species (ROS) causimdpthelial dysfunction.
Human studies have shown that elevated leptindes@htribute to higher risk
for cardiovascular diseases and stroke. Leptinldewhow also gender

difference which is more pronounced during andraéxual maturation.

Adiponectin

Adiponectin as an adipokine belongs to the compierhg family expressed
exclusively in the adipose tissue. Adiponectin playain role in insulin

sensitization; it stimulates fatty acid oxidatiomdaglucose uptake in skeletal
muscle cells and adipocytes, decreases glucosenesymtin the liver,

decreases appetite and energy expenditure throtgheffects on the
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hypothalamus. Adiponectin shows negative corratatigth body fat mass;
decreased levels can be found in adult and childifazesity, patients with
coronary artery disease and type two diabetes tolliThis alteration is
suggested to be due to the expanded visceral fats ngad chronic
inflammatory state in obesity. Women have highep@aakctin level which is
more pronounced during and after sexual maturaiioiiarly to leptin levels.
Despite the effect of most adipokines, adiponduéia antiatherogenic effects:
it correlates positively with apolipoprotein Al omntration, increases
cholesterol efflux from macrophages, decreasesetidothelial rolling of
monocytes and the expression of proinflammatorgldges.

Several studies have already investigated the teffedifestyle changes on
leptin and adiponectin levels both in adult anddttood obesity. The most
pronounced decrease in leptin levels has beentddtét patients with type
two diabetes mellitus and during interventions whilgh degree of weight
loss. Increase in adiponectin levels could be deteduring interventions

lasting more than two months and also with highrele@f weight loss.

Antiatherogenic role of HDL

Atherosclerosis is considered to be a chronic inffeatory state that affects
arteries and arterioles by hardening their walbtigh lipid accumulation
which finally leads to obstruction or occlusion ithese vessels.
Atherosclerosis is the main cause of cardiovasalit@ases as coronary artery
disease, ischemic stroke and peripheral arteryasiése The progressive
obstruction of arteries is due to the lipid accuatioh in macrophages and the
proliferation of vascular smooth muscle cells whaan finally contribute to

acute vascular events through thrombotic proce3des.development of so-
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called fatty streaks as the first steps of athdeostic plaques can be detected
even in childhood obesity. Endothelial dysfuncteord oxidative modification
LDL particles are considered to be the startingnigoiof the chronic
inflammatory process which may lead the accumuladiomacrophages in the
arterial wall and to the formation of atherosclergtaques. Visceral obesity,
diabetes mellitus, dyslipidemia, smoking, hyperiemselder age, male gender
and positive cardiovascular family history belong the risk factors of
atherosclerosis.

HDL-C levels show negative correlation with cardiegular diseases which is
attributed to different antiatherogenic effects HDL: reverse cholesterol
transport, direct endothelial and antioxidant dffgc which the human
paraoxonase-1 (PON1) plays an important role. Thagoy treatment goal of
dylipidemia is the reduction of LDL-C levels; thecrease of lower HDL-C
levels as a secondary treatment goal can be mandmedgh lifestyle
changes, increased physical activity, weight lesspking cessation, decrease
of dietary trans fats, increase of dietary omegiy acids or through

pharmacological therapy with niacin or fibrate.

Human paraoxonase-1 and its antiatherogenic propeies

Human paraoxonase-1 (PON1) belongs to the parasgayene family which
is produced mainly in the liver and bound to HDLtighes. The enzyme is
named after the paraoxone molecule, an active mi&lof the insecticide
parathione which can be hydrolysed by PON1. Thgmezhas both lactonase
and esterase activities but the physiological satesthas been unknown so
far. PON1 has antiatherogenic effect by hydrolydipgl-peroxides in LDL

and HDL particles which has been proven also indumstudies. Decreased
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PON1 activities have been measured in diabetestaselbdult obesity and

chronic kidney disease. The activity of the enzysnaffected by both genetic
and environmental factors and measured with parsmynd phenylacetate
substrate which correlates well with the serumlle?®ON1.

LDL particles show increased resistance againstiabxie stress in regular
physical activity; however, studies investigatihg effect of lifestyle changes
on the level and activity of PON1 have been incgiesit so far. Although

none of these studies have investigated the do@eses of the increase in
PON1 activity, it is suggested that regular physi@etivity enhances the

endogenous antioxidant system of the body and i;wlay the rate of the

enzyme inactivation by oxidative stress also desmearesulting in higher
PONL1 activity.

Role of asymmetric dimethylarginine in endothelialdysfunction

The first important step in the process of athdesesis is the development of
endothelial dysfunction which is due the imbalamdfevasoactive agents.
Nitric oxide, (NO) which is produced by the enddidleNO-synthase (eNOS),
results in vasodilation by signaling the surrougdémooth muscle cells to
relax. Asymmetric dimethylarginine (ADMA) is a mgthted L-arginine
derivative, a metabolic degradation by-product afdified proteins. ADMA
is an endogenous inhibitor of eNOS; it can inhibi¢ production of NO.
Elevated levels of ADMA show strong positive coaten with
cardiovascular diseases in human studies. Botheddihdts and children have
increased levels of ADMA whereas physical activigsults in significant

decrease of ADMA levels in adult patients with nixetéec syndrome.



E-selectin levels as one of the markers of vascufd@mmation are also
elevated in obese children. Lifestyle changes @sereignificantly the levels

of E-selectin along with the decrease of oxidammagkers.

AIMS

The effect of childhood obesity on PON1 activity,eptin and adiponectin
levels

Prevoius studies have found elevated leptin an@i@siponectin levels both
in adult and childhood obesity. PON1 showed deegaactivity in adult
obesity; however, the effect of childhood obesity BON1 activity has not
been investigated yet. PONL1 activity showed sigaift negative correlation
with leptin and positive correlation with adiporiactevels. Several causes
have been suggested so far: leptin as a hydroplpobiein is able to bind to
HDL particles inhibiting directly the PON1 enzymahances oxidative stress
and the production of inflammatory cytokines whicbntribute to the
inhibition of PON1 synthesis. On the other handptite increases the
expression of serum amyloid A protein which is ableeplace apolipoprotein
Al in HDL that plays main role in the structuralabtlization of PONL1.
Adiponectin has antiatherogenic effects by enhanaieverse cholesterol
transport, apoAl mediated cholesterol efflux frame tells by increasing the
production of HDL particles.

The effect of lifestyle changes on PONL1 activity, dgpokine, E-
selectin and ADMA levels

Based on these observations, we hypothesized tbatlPactivity may be

lower in childhood obesity compared to normal-weighildren and there may
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be a significant relation between PON1 activity adigpokine levels. We also
investigated the effect of short-term lifestyle mhes on decreased PON1
activity in childhood obesity since it had not beawvestigated before.
Previous studies found significant changes in ddipo levels during long-
term interventions with high degree of weight loss.

We measured E-selectin and ADMA levels in ordedt@¢termine indirectly the
changes of endothelial dysfunction because thesanders show strong
positive correlation with the degree of oxidativieess. E-selectin showed
significant reduction after two-week long lifestyfeodification in obese
children in a previous study; however, the effdcploysical activity and diet
had not been investigated in childhood obesity yet.

We hypothesized that two-week long lifestyle mamdifion induces significant
increase in PONL1 activity, adiponectin levels amtrdase in leptin levels
along with the improvement of insulin resistancetheopometric parameters

and lipid values.
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METHODS

Patients

We investigated the effect of childhood obesity BON1 activity and
adipokine levels in 59 Caucasian overweight, obgs®ese group: OB;
average age: 11,95+1,61 years; 25 girls, 34 bayd)5d Caucasian normal-
weight (control group, C; average age: 12,00+3,8ary, 22 girls, 29 boys)
children. 23 overweight, obese children (average: d4,57+1,78 years; 8
girls, 15 boys) took part in a two-week long lifdet camp in order to
investigate the effect of lifestyle changes ondbeve mentioned parameters,
E-selectin and ADMA levels. We used the Hungari&fl Bercentile curve to
determine obesity: children above 90 percentil®ged to the overweight-
obese group (OB: 95,08+3,53% vs. C: 64,10+8,36%)e Tiormal-weight
children were recruited from theJediatric practice of Hajdlbdszérmény
with the voluntary consent of both the children ainelir parents matched in
gender and age to the overweight group. None ofnibrenal-weight and
overweight children had any chronic diseases (désbe mellitus,
endocrinological disorders, hereditary diseasesystemic inflammation) or
was taking any medications. Participants of thelystoelonged to the Tanner
stage I-IV, defined on the basis of breast devebmnin girls and genital

development in boys.

Lifestyle camp

The obese children took part in a two-week longréifyle program. Reduction
of body weight was achieved during 14 days in estifle camp using both
decrease in food intake and enhanced energy estpesidb00-meter run (13

MET hour) twice a day, 1000 meters swimming (8 Midur) every second
12



day, 2,5 km walking (3 MET hour), indoor and outddall games (7 MET
hour). Obese children spent an average total tin®54,5 hours a day with
exercises. Children were on low-calorie diet withefmeals a day. Prepared
meals contained 1200-1500 kilocalories/day basetherindividual age and
qualitatively 20-25% of calories from fat, 25-30%ocalories from protein and
50-55% of calories from unrefined carbohydratehhigdietary fiber. Fatness
indices as BMI, BMIA, waist circumference, body fercentage (BFP) were
also determined. BFP was measured with bioelettimpedance analysis
(BIA, Biodynamics, Model 310, Seattle, WA). Systolnd diastolic blood
pressures were measured three times with the subjsitting position after
resting for at least 5 minutes using a quality-appd automatic electronic
sphygmomanometer.The research protocol was appriyedhe Ethics
Committee of the University of Debrecen, Hungaryedital and Health
Science Center. Informed written consent was obthinom all parents and

oral consent from all children.

Blood sampling

After overnight fasting, 10 ml of venous blood vaawn between 08:00h and
09:00h on the i and the 1% day of the lifestyle camp. Hemoglobin,
hematocrit, white blood cell count, sedimentatiatey liver enzymes, urea,
creatinine, creatine kinase, bilirubin, serum ghkesocholesterol, HDL-C,
LDL-C, triglyceride, insulin, C-reactive protein RP) were determined from
fresh serum. The sera for leptin, adiponectin, |[Ecsim, ADMA levels, PON1
paraoxonase and arylesterase activity measuremengskept at -70C before

analysis.
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Evaluation of adipokines, PON1 paraoxonase and argkterase activities,
E-selectin, ADMA, insulin levels and lipid parametes

Serum leptin (BioVendor Laboratory Medicine, IncGzech Republic),
adiponectin and E-selectin (R&D Systems, Inc.; USA\kls were measured
by sandwich enzyme immunoassays. Serum ADMA |lewele measured by
competitive enzyme immunoassays (DLD Diagnostika BBim Hamburg,
Germany). Paraoxonase activity of the PON1 enzyras @etermined using
paraoxon (O,O-diethyl-O-p-nitrophenylphosphate; n#iy as substrate and
measured by the increase in the absorbance atMidua to the formation of
4-nitrophenol. The activity was measured at’@5by adding 5Qu of serum
to 1 ml Tris/HCI buffer (100 mmol/l, pH 8,0) contéig 2 mmol/l CaCGl and
5,5 mmol/l paraoxon. The rate of generation of tdepihenol was determined
at 412 nm using a spectrophotometer. Enzymatiwigctvas calculated from
the molar extinction coefficient 17100 Mcm®. One unit of paraoxonase
activity is defined as 1 nmol of 4-nitrophenol fadper minute under the
above described assay conditions. Arylesteraseitggctif the PON1 enzyme
was measured spectrophotometrically. The assay aicett 1 mM
phenylacetate in 20 mM Tris/HCI| pH 8,0. The reattisas started by the
addition of the serum and the absorbance increasedetermined at 270 nm
as previously described. Enzyme activity was caled using a molar
extinction coefficient of 1310 Nem™. 1 unit (U) is defined as 1 mmol
phenylacetate hydrolyzed per minute.

Serum cholesterol and triglyceride levels were mesk by using enzymatic
colorimetric tests (GPO-PAP, Modular P-800 AnalyZwoche/Hitachi), while
HDL-C was assessed by a homogenous enzymatic meatic assay (Roche

HDL-C plus 3 generation). The LDL-C fraction was calculatedirectly
14



using the Friedewald equation (triglyceride leve#t, & mmol/l). CRP levels
were measured with latex-based high-sensitive inenurhidimetric method
(Cobas Integra-800, Roche Ltd, Mannheim, Germanyhe serum
concentration of insulin was measured by a comraklyciavailable
radioimmunoassay kit (MP Biomedicas, Orangeburg, ).NYHOMA

(homeostasis model assessment) scores were cattulaing the formula:

fasting insulin (uU/ml) * fasting glucose (mmol/122,5.

Statistical methods

The statistical analysis was performed by SPSSiorers5.0 for Windows

(SPSS Inc., Chicago, IL, USA). Data are presentgedidscriptive analysis
(case number, mean, standard deviation; in cas@mfhormal distribution

median, lower and upper quartile). Comparisons betw groups were
performed by Student t-test. Non-normally distrdzlitparameters as leptin,
adiponectin levels, PON1 paraoxonase and arylestemctivities were
transformed logarithmically to correct their skewedistributions.

Relationships between parameters were assessededmsoR correlation
analysis. We carried out multiple regression arnglyssing the stepwise
method to determine the variables best predicteNP@ylesterase activities
adjusting for age, sex, BFP, HDL-C, leptin, adipdire in the model.

Comparisons before and after the lifestyle campewperformed with

Student’s paired t-test. Distributions of data wersted with Kolmogorov-

Smirnov test; all of the presented data had nodisdtibution. Relationships
between parameters and their changes after thetyliéeprogram were
assessed by Pearson-correlation analysis. We weesided p-values; p<0,05

probability = was  accepted as the level of  signifaean
15



RESULTS

Comparisons between the parameters of obese and naal-weight
children

There was no difference in age, sex ratio and Trastage between the two
groups. HDL-C levels (OB: 1,124+0,26 mmol/l vs. C22+0,28 mmol/I,
p<0,05) were significantly lower in obese childr@md they had higher total
and LDL-C, triglyceride (TG) and fasting glucosevdts but none of these
differences were significant compared to the cdngroup. Regarding the
insulin-resistance status, obese children had fgignily higher HOMA-IR
(OB: 8,40+3,64 vs. C: 1,17+0,44, p<0,0001). Themswot any significant
difference in blood pressure values. 5 childrenhwiigher LDL-C £3,4
mmol/l) levels, 17 with lower HDL-C levels{,0 mmol/l) and 10 with higher
triglyceride levels ¥1,7 mmol/l) could be detected in the obese group
according to the IDF recommendation. None of thieldm had blood glucose

level above 5,6 mmol/l.

PON1 acitivities and adipokine levels in childhooabesity

Obese children had significantly lower PON1 paramas®e and arylesterase
activities (PON1 arylesterase activity OB: 94,40282108,70) U/l vs. C:
115,20(93,70/126,00) U/l, p<0,01; PON1 paraoxonaaetivity OB:
84,80(64,33/144,74) U/l vs. C: 99,42(83,33/152,0%), p<0,05), lower
adiponectin levels (OB: 7,56(5,69/12,06y/ml vs. C: 11,51(8,84/14,49)
ug/ml, p<0,001) and higher leptin levels (OB: 378583/53,87) ng/ml vs. C:
4,62(2,52/17,6) ng/ml, p<0,0001) compared to thenab-weight children.
Although girls had a higher tendency in both adipeKevels, it did not prove

to be significant in statistical analysis.
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Correlations between the parameters of the obeseaup

To investigate the relation of the above mentiopathmeters to each other,
we carried out Pearson correlation analysis. Algobioth activities of PON1
were significantly lower in the obese group comgai@ the normal-weight
group, only PONL1 arylesterase activity showed $icpnit positive correlation
with adiponectin (r=0,39, p<0,01) and negative elation leptin levels
(r=-0,29, p<0,05).Leptin levels showed also significant correlatiorithw
anthropometric parameters as BMI, BFP, waist cifenemce, systolic and
diastolic blood pressure values similarly to theuis of other previous
studies. HOMA-IR values of the obese group showigdifccant positive
correlation with leptin levels (r=0,42, p<0,01) andgative correlation with
adiponectin levels (r=-0,47, p<0,01). We found adsgnificant correlation
between adiponectin and HDL-C levels of the obesam(r=0,33, p<0,05).
To test whether the associations of PON1 arylesteraith leptin and
adiponectin in the univariate analysis were indepen of other parameters,
we carried out multiple regression analysis ustegwise method. In the first
model, we investigated the two adipokines, whictowsd significant
univariate correlation with PON1 arylesterase dgtivand the impact of age
and sex. In this model, adiponectin showed strosgpa@ation with PON1
arylesterase activityp€0,45, p<0,004). Although HDL-C and BFP did not
show significant univariate correlation with PONdylasterase activity, we
investigated their impact in the second model dnljgghem to the previous
parameters, since PONL1 is associated to a sulsinaci HDL and BFP

reflects well the degree of obesity in adolescéiiticen. Adiponectin proved
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to be also a significant predictor of PON1 aryleste activity in this
regression model (2model:p=0,45, p<0,02).

The effect of lifestyle changes on the anthropometr and clinical data of
the obese children

There was significant decrease in BMI, BFP and tweiscumference as
anthropometric data. We could detect significantrel@se in systolic and
diastolic blood pressure. Regarding the lipid peofiotal cholesterol, LDL-C
and triglyceride levels decreased significantly levHiDL-C levels did not
show significant alteration. Insulin and glucoseels along with HOMA-IR
values were markedly decreased after the lifesgdenp. Significantly
improved physical performance was measured afeelifdstyle camp in box-
stepping exercise in 30 seconds (22,09+3,05 v8526,38; p<0,0001), push-
ups in 30 seconds (10,68+2,71 vs. 12,23+2,56; [@#30,200-meter run
(62,30+13,29 s vs. 57,4848,16 s; p<0,01) and siexgrcise (14,81+4,65 vs.
17,52+4,76; p<0,001).

The effect of lifestyle changes on leptin, adipongg, E-selectin, ADMA
levels and PONL1 activities in obese children

Two-week long physical activity and diet resultedsignificant decrease in
leptin levels (55,02+33,42 ng/ml vs. 25,37+19,07nmigp<0,0001); however,
changes in adiponectin levels did not prove to lgmificant. E-selectin
(67,19+30,35 ng/ml vs. 46,51+18,40 ng/ml, p<0,00@hpy ADMA levels
(0,68+0,15 umol/l vs. 0,55+0,16umol/l, p<0,01) showed also significant
reduction. Decrease in CRP levels as the markehminic inflammation was

not significant. We detected significant increasdydn PON1 paraoxonase
18



activity (110,48+72,92 U/l vs. 121,75+93,48 U/l,(p85) which reflects well
the influence of environmental factors as oxidastress on the enzyme. The
change in PON1 arylesterase activity, which coteslavell with the hepatic
production of the PON1 enzyme, was not significafter the lifestyle
intervention along with the change in adiponeativels that proved to be an
independent predictor of arylesterase activitynm previous investigation.

We found significant positive correlation of leptooncentration with BMI
(r=0,472; p<0,05), BFP (r=0,75; p<0,001), HOMA (5p4; p<0,05) and
triglyceride levels (r=0,515; p<0,05) with Pearsmnrelation analysis before
the lifestyle program similarly to the previous fpaf our study. Adiponectin
showed significant positive correlation with HDLi€vels (r=0,635; p<0,01)
and significant negative correlation with HOMA vatu (r=-0,46; p<0,05).
Changes of the investigated parameters did not show significant
correlations with each other that could be dueh® lower number of the

subjects.
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DISCUSSION

Previous studies found lower PONL1 acitivities iruladbbesity; however,
PONL1 activity and its relationship with leptin aadiponectin levels have not
been investigated in childhood obesity yet. Previonvestigations found
increased leptin and decreased adiponectin lewtsib adult and childhood
obesity similarly to our results. Obese children lsggnificantly lower PON1
paraoxonase and arylesterase activities compargetitonormal-weight peers
whereas PONL1 arylesterase activity showed sigmificarrelation with both
of the investigated adipokines. Although PON1 prosase activity did not
correlate with these adipokines, it must be nolted paraoxonase activity has
high interindividual variability. Since arylesteeaactivity correlates well with
the serum level of PONL, it is suggested thatiheptid adiponectin may have
influence on the production of PON1. To test whetthee associations of
PONL1 arylesterase with leptin and adiponectin wiadependent of other
parameters, we carried out multiple regressionyaigladiponectin proved to
be independent predictor of arylesterase activityilarly to another study
with adult obese patients. This finding may be supga by the fact that
adiponectin  enhances reverse cholesterol transpappAl-mediated
cholesterol efflux through the increase of HDL preiibn; adiponectin shows
strong correlation with HDL-C levels similarly touoresults. The inverse
relation of leptin with PON1 arylesterase activitgy be explained with the
increased enzyme-inactivation by oxidative stress$ with the inhibition of
the hepatic production of PON1 due to the enhanoeré acute phase
reaction. Leptin showed also significant positiverelation with BMI, BFP,
with the degree of insulin resistance as HOMA-IRD asther metabolic

parameters as triglyceride levels, diastolic arstdic blood pressure values
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similarly to the results of other previous studigbhough these studies found
significant correlation between adipoonectin anth@pometric parameters,
we could not prove this finding in our results badiponectin showed
significant correlation with leptin levels, HOMA-IRand HDL-C. PON1
activity showed decreasing tendency with ageingairprevious study; it
suggests that decreased PON1 activity in childhramesity may contribute to
increased cardiovascular morbidity in later aduwthoOther investigations
found gender differences in both adipokines; weeacted higher tendency in
leptin and adiponectin levels of the obese girl$ ibudid not prove to be
statistically significant. This result may be doghe average age of the obese
group which was about 12 years and to the factttie@thildren belonged to
different Tanner stages; gender differences in adiye levels have been
observed mainly during and after sexual maturation.

We found atherogenic alteration of PON1 activitgptin and adiponectin
levels in childhood obesity; in the other part aof study, we investigated the
effect of lifestyle changes whether it could infige the above mentioned
parameters. Leptin levels showed significant radacilong with the decrease
of BMI, BFP, HOMA-IR, waist-circumference that shew significant
correlation with leptin levels similarly to othetudies. Overweight children
showed also significantly improved physical perfanoe after the lifestyle
camp. We did not find any significant change irpadiectin levels similarly to
previous studies that found significant increasenimaafter more than two-
month long interventions resulting in significanteight loss. We found
significant increase only in PON1 paraoxonase #ygfithe change in
arylesterase activity was not significant. Althoutlie direct causes of this

finding have not been elucidated yet, several facere suggested to be
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related with it. It is known that increased phykieativity enhances the
expression of antioxidant genes, the antioxidaotgation of the body and
decreases lipid peroxidation. Elevated leptin Igwetrease the production of
reactive oxygene species in endothelial cells thmaly contribute to the

inactivation of PON1 and may explain lower PONlggxionase activity and
decreased expression of the enzyme through theneaiment of the acute
phase reaction. The decrease of these inhibitdegtsfmay contribute to the
elevation of lower PON1 paraoxonase activity indfmwod obesity; this type

of activity reflects well the effect of environmahtfactors on the enzyme.
Since the increase in PON1 arylesterase actividyaaliponectin levels did not
prove to be significant, it is suggested that thex@y not have been any
significant changes in the production of the enzytoe. In the first part of

our study, adiponectin proved to be an indepenegiettictor of arylesterase
activity similarly to the results of adult obesepptation. Adiponectin may

influence the hepatic expression of PON1 througlalitove mentioned effects
on the production of apoAl and HDL. CRP levelstiedlect well the degree

of chronic inflammation in obesity and may alsduehce the production of
PON1, did not show any significant change durirgititervention, too. Based
on these data, it is suggested that short-ternstyiie changes may not
influence significantly the production of PON1 buay result in significant

decrease of the oxidative stress that is reflestet by the paraoxonase
activity of PON1. This finding is also supported hyprevious study that
found significant decrease in 8-iso prostaglandin-&nd E-selectin levels as
oxidative and endothelial markers after two-weekglghysical activity and

diet in case of obese children.
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Both E-selectin and ADMA levels showed significareiduction after the
lifestyle intervention that suggests the improvemeof endothelial
dysfunction; this result may be due to the increabd°ON1 activity, the
decrease of oxidative stress generated by loweinldpvels and to the
reduction of ADMA levels. We found significant deesse both in diastolic
and systolic blood pressure values; however, tieeyok show any correlation
with ADMA levels which may be due to the low numinéisubjects.

Other studies have inconsistent results regardii -8B levels during
lifestyle interventions. We found non-significanDH-C decrease which may
have been due to the effect of low-fat diet. Wenfibsignificant decrease in
total, LDL-cholesterol and remarkable reductiontriglyceride levels which
may have been due to the effect of the diet andhenother hand to the
increased physical activity that results in enhdniipolysis, decrease in
VLDL synthesis through the improvement of insulesistance and increased
VLDL-clearence by the muscles.

We did not find any significant correlation betwe®ON1 paraoxonase
activity and other parameters; however, it mustnbéed that paraoxonase
activity has high interindividual variability andhdre was a low number of

subjects during the intervention.

Conclusion

Previous studies have already proven that the ad#aot activity of PON1
decreases with ageing; in this way, lower PON1lvagtialong with the
atherogenic alteration of adipokines in childhobésity may contribute to the

increase of cardiovascular diseases in later aoludthit is suggested that even

23



short-term lifestyle interventions with physicaltisity and diet may induce
antiatherogenic changes in PON1 activity, adipokiped levels and result in
the improvement of endothelial dysfunction throutjie alteration of E-
selectin and ADMA levels. PON1 activity, leptin aadiponectin levels may
be early atherogenic markers besides the regularcal and laboratory
parameters in childhood obesity. These findingsteamjze the major role of
primary prevention and treatment of childhood otyeshrough lifestyle

changes based on diet and increased physicaltgctivi
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