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INTRODUCTION

Fetalgrowthisdeterminedbymanyfactors,in
cludinggeneticfactors,placentalflow,andcomor
bidities.Ithasbeengenerallyacceptedthatthe
growthofthefetusisnotdependentongrowth
hormone,butothergrowthfactorssuchasinsulin
andotherinsulingrowthfactors–IGF1,IGF2,
etc[1].Recentlyithasbeenshownthatsomeadi
pocytokinesandtheirmutualrelationshipcanbe
indicatorsoffetalandneonatalgrowth.

Leptinandadiponectinareproteinsse
cretedmostlybyadiposetissues,andinmi
norproportion,bysomeothertissues.Leptin
isaregulatingproteinthatisinvolvedinbal
ancebetweenenergyintakeandexpenditure.
Highlevelsofleptinarenoticedinoverweight
neonates,leadingtoconclusionthattheyare
markersofgrowth[2].Likeinadults,higher
concentrationsoffetalleptinleadstohigher
fetalfat,leadingtotheconclusionthatthefetal
fatiscapableofproducingleptinaccordingly
[3,4].Themechanismandfactorsthatproduce
leptininfetusarestillunknown.Inaddition,
placentalsecretionofleptinhasbeenalsocon

firmedinordertomaintainthepregnancyand
fetomaternaladaptation,andthereforehasa
roleinthefetalgrowth[5].

Adiponectinisproducedbyfattissueonly,
andhasaroleinglucoseandlipidmetabolism.
Therefore,itisanimportantpredictorofmeta
bolicdisease,diabetes,hyperlipidemia.Littleis
knownaboutthelevelofadiponectininfetus
anditssignificanceforfurtherneonataldevel
opment.However,Tsaietal.[6]postulatedthat
largeneonateshavehigherlevelofadiponectin
thanthosewithappropriateweight.Sivanetal.
[7]confirmedthatadiponectinwaspresentin
cordbloodatsignificantlyhigherlevelsthan
thosemeasuredinbloodofolderchildren.

Ithasbeenwellknownthatchildrenhave
higherlevelsofleptinaccordingtothetotal
bodyfatmass,andtheyvaryindifferentage
andgender[8,9].Studiesinneonatalcohorts
weremadeincludingcomparisonswithdiffer
entparameters–birthweight,gestation,ma
ternalBMI[10].However,dataaboutthelevels
ofadipocytokinesinhealthyneonatesarestill
notwelldefined,aswellasitssignificanceof
theirlevelsinfutureweightgainofachild.
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OBJECTIvE

Theaimofthisstudywastoassessthecorrelationofthe
anthropometricsparameterswithleptinandadiponectin
levelsinhealthynewborns.

METHODS

Acohortof110(61femaleand49male)neonates,born
fromuncomplicated,singletonpregnanciesattermi.e.,
between37and42gestationalweekswasevaluatedinthe
study.Neonateswithriskfactors(maternaldiabetes,stress
fuldelivery,infection,etc.),wereexcludedfromthestudy.

Anthropometricmeasurementsweremadeatbirth,
includinglength,weightandheadcircumference,body
weight/bodylength.Becauseasinglestandardanthro
pometricsfactor(BW;BL)cannotassessthenutritional
statusofnewbornproperly,wealsousedcombinations
of twoanthropometric factors:Ponderal index (PI),
andBodyMassIndex(BMI).PIandBMIareexpressed
bythefollowingformulas:PI=bodyweight(g)/[body
length(cm)]3x100andBMI=bodyweight(kg)/birth
length2(m).

Theneonateswerecategorizedinthreegroupsaccord
ingtotheLubchenco[11];curvesas:appropriateforges
tationalage(AGA–birthweightbetween10thand90th
percentiles),largeforgestationalage(LGA–birthweight
morethan90thpercentile)andsmallforgestationalage
(SGA–birthweightlowerthan10thpercentile).Gesta
tionalageatbirthwascalculatedfromthelastmenstrual
period,supportedbyultrasoundmeasurementsandcon
firmedbyDubowitzscoring[12].

Serumlevelsofleptinandadiponectininfastingstate
weredeterminedfromabloodsampleatregularcontrol
visitfromeachneonate.Bloodsamplesweretakenatleast
48hoursafterdelivery(andnotfromcordblood)with
thepurposeofavoidinganybiasofhormonesderiving
frommaternaltissues[13].Thebloodsampleswereim
mediatelycentrifugedandstoredat20°Cuntilassayed.

Serumadiponectinandleptinconcentrationswere
measuredbytheELISAmethod(HumanDRGInstru
mentsGmbH,Germany).Thelimitofsensitivityofadipo

nectinassaywas0.78ng/ml.andtheintraandinterassay
coefficientofvariations(CV%)were0.97.4and2.48.4
ng/mLrespectively.ThesensitivityoftheDRGLeptin
ELISAwas1.0ng/mL,andtheintraandinterassayCV
%rangedfrom5.956.91and8.6611.55,respectively.

Correlationbetweentheanthropometricparameters
andadiponectinandleptinwerestatisticallyanalyzedus
ingSTATISTICAprogram,onewayANOVA,LSDtestand
Spearmenrankcorrelations.

ThestudywasreviewedandapprovedbytheInstitu
tionalRewiredBoardofthehospital.Informedconsent
wasobtainedfromallmothersbeforebloodsampleswere
takenandinclusionoftheirinfantsinthestudy.

RESULTS

Theneonates’anthropometricdata,leptinandadiponec
tinserumconcentrationsarepresentedinTable1.Mean
birthweightofthenewbornsclassifiedasAGA(n=60),
SGA(n=30)andLGA(n=20)was3443±338g,4604±484g
and2409±295g,respectively.Meanbirthlength,andbirth
weight/birthlengthratiowere50.65±2.1cm(68.00±6.28
g/cm)forAGA,52.70±4.45cm(87.88±11.41g/cm)for
LGAand46.69±2.00cm(51.50±4.79g/cm)forSGA,re
spectively.Thesemarkeddifferencesbetweenabovemen
tionedanthropometricvaluesweretransposedalsotothe
ponderalandbodymassindexvaluesofthegroupsstress
ingthedifferencebetweenLGA(3.30±1.23;16.94±3.87)
compared to AGA (2.67±0.46; 13.46±1.6) and SGA
(2.37±0.21;11.03±0.86),respectively.

Nomarkeddifferenceswereobservedinanthropomet
ricdataofbothsexes.

Significantlyhigherlevelofleptinconcentrationwas
observedinLGA(3.12±1.50)comparedtoAGAand
SGA.OntheothersidetheleptinconcentrationinAGA
(1.93±0.84)andSGA(1.71±0.61)groupdidnotdiffersig
nificantly.

AdiponectinlevelsinSGAgroupweresignificantly
lowercomparedtoAGAandLGAgroups(12.67±2.43vs.
32.80±23.29and43.40±31.24),respectively.Nosignificant
differenceinadiponectinelevelsbetweenAGAandSGA
groupsweremonitored(Graphs1and2).

Table 1. Clinical characteristics of newborns, leptin and adiponectin concentration in newborn’s serum

Parameter AGA LGA SGA Total

Birth weight (kg) 3.44±0.33 4.60±0.48 2.40±29.5 3.48±0.37

Birth length (cm) 49.65±2.1 52.7±04.45 46.69±2.09 50.02±2.88

Birth weight/Body Length ratio (g/cm) 68.00±6.28 87.88±11.41 51.50±4.79 69.13±0.49

Ponderal (Rohrer) Index 2.67±0.46 3.30±1.23 2.37±0.21 2.78±0.64

Body Mass Index 13,46±1.6 16.94±3.87 11.03±0.86 13.81±2.11

Leptin concentration (ng/mL) 1.93±0.84a 3.12±1.50a,b 1.71±0.61b 1.96±0.88

Adiponectin concentration (ng/mL) 32.80±23.29a 43.40±31.24b 12.67±2.43a,b 30.61±23.04

a,b Values with same superscript are significantly different (p<0.05).
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Table 2. Spearman Rank Order Correlations (r) between nthropometric 
data, leptin and adiponectin concentrations

Parameter BMI PI BW BW/BL BL

Leptin 0.5492 0.4746 0.6359 0.6153 0.6331

Adiponectin 0.3507 0.2952 0.4360 0.4155 0.4266

All correlation coeficients were statistically significant (p<0.001).

Neitherleptinnoradiponectinlevelsweresignificantly
differentinmalescomparedtofemalenewborns;therefore
noadditionaladjustmentforgenderwasperformedduring
theanalysis.Thesefindingssupportthethesisthatotherfac
torsinfluenceleptinandadiponectinserumconcentration
inthisstartinggrowthperiodofthenewborn[7,14,15].

Consideringtheanalyzednewbornsasonepopulation,
leptinandadiponectinlevelswerestronglycorrelatedwithall
anthropometricvariables(p<0.001)ascanbeseeninTable2.

DISCUSSION

Thecorrelationbetweenmaternalweightandfetalmea
surements(weight,length,ponderalindex)isstillpoorly
understood.Maternaldiabetesandgeneticfactors(height
andweightoftheparents)aretheonlyknownfactorsso
farthatarepositivelycorrelatedwiththeincreasedneona
talweight.Itisknownthatthereisnotalwayscorrelation
betweenBMIofmotherswiththeweightoftheneonate.
Thereforeothermechanismsarestilltobeevaluated.Re
centlyseveralstudiesaboutthelevelsofsomeadipokines
andneonatalsizewereconductedespeciallyleptinand
adiponectin[8,10,16,17,18].However,someotheradi
pokineswerestudiedtryingtoexplainthiscorrelation,i.e.
resistin[19],vaspin,amylin[20],etc.Asitcanbeseen,
neonatalweightandlengthdependonmanyfactorsthat
canmutuallyinteract.

Leptinisaproductofgene,andservesasaregulator
betweentheamountofadiposetissueandenergyexpendi
turethroughinfluenceonsatietycentersinhypothalamus
[21].Sincethefetuscannothavesatietyresponsetothe
energytakenbytheplacenta,thereasonforleptinlevels
innewbornisstillunknown.Severalstudiesindifferent
populationsshowedthatleptinlevelwaspositivelycor

relatedwiththenewborn’sweight[8,16].Ourdatacon
firmthesedatainourpopulationincludingallethnicity
groups–Macedonian,AlbanianorRomababies.Oneway
ANOVAanalysisrevealedthatleptinlevelsinLGAbabies
weresignificantlyelevatedcomparedtoAGAandSGA.
Onthecontrary,nosignificantdifferenceinleptinlevels
wasobservedbetweensexes.Leptinlevelswerepositively
correlatedwithbirthweight,birthlength,bodyweight/
bodylengthwhichisagoodparameteroffatcontentinthe
newborn.Itisstillnotknownwhyleptinlevelsaremore
elevatedinnewbornsthaninotheragegroups(prepuber
talchildren,adults)incomparisontofetalmassinthese
groups,andremainstobeclarified.Placentalproduction
ofleptin,andthereforeinitiationforthebeginningofbirth
couldbethecause.

Theroleofadiponectinismorecomplicated,sinceit
hasbeenshownthatithasnegativelycorrelatedwiththe
bodyfatinadults,especiallyinobesity[22].Fewstudies
madeinnewbornshaveshownthatadiponectinlevelsare
decreasedinnewbornsofmotherswithdiabetesorinsulin
resistance[23].Therewasnocorrelationbetweenadipo
nectinlevelsandweightinneonatesofnormalmothersin
thisstudy.However,inseveralotherstudiesapositivecor
relationbetweenneonatalsizeandadiponectinelevelsin
bloodcord,unlikethestudiesinadults,werefound[6,7,
15].Ourstudyalsoshowedapositivecorrelationbetween
neonatalweightandadiponectinelevels,withoutdetected
significancebetweentwogenders.InthegroupofSGA
significantlylowervaluesofadiponectinlevelswerefound,
suchasinstudiesofMartosMorenoetal.[24].

CONCLUSION

Mostofthestudiesintheliteratureweremadeontheum
bilicalcordsampling.Theimportanceofthisstudyisthat
thesedataforabovementionedcorrelationsareconfirmed
inneonatalbloodsamplingaswell.Thisstudyconfirms
thattheseadipocytokinesmaybeinvolvedinfetalgrowth
regulation.Asignificantlyhigheradiponectinlevelswere
foundintheAGAneonatescomparedtolowervaluesin
theSGAneonates.Leptinandadiponectinelevelsposi
tivelycorrelatewithbirthweight.

Graph 1. Whisker plots for leptin concentrations in different groups 
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КРАТАК САДРЖАЈ
Увод По ка за но је да не ки ади по ци то ки ни и њи хо ви уза јам-
ни од но си мо гу би ти ин ди ка то ри ра ста фе ту са и но во ро ђен-
че та. Фи зи о ло шки ути цај ни воа леп ти на и ади по нек ти на на 
овај раст ни је до вољ но раз ја шњен.
Циљ ра да Циљ сту ди је би ла је про це на ко ре ла ци је ан тро-
по ме триј ских па ра ме та ра и кон цен тра ци је леп ти на и ади-
по нек ти на у се ру му здра ве но во ро ђен ча ди.
Ме то де ра да Гру па од 110 но во ро ђен ча ди ро ђе не из не-
ком пли ко ва них по је ди нач них тер мин ских труд но ћа по-
де ље на је, на осно ву Љуб чен ко вих кри ву ља, на три ма ње 
гру пе: но во ро ђе ну де цу оп ти мал ног ра ста и раз во ја за ге-
ста ци о ни уз раст (AGA), ко ју је чи ни ло 60 де це, де цу ма лу за 
ге ста ци о ни уз раст (SGA) са 30 де це и но во ро ђен чад ве ли ку 
за ге ста ци о ни уз раст (LGA), у ко јој је би ло 20 де це. Ан тро-
по ме триј ски па ра ме три но во ро ђен ча ди (те жи на и ду жи на 
на ро ђе њу, од нос те ле сне те жи не и ду жи не, ин декс те ле сне 
ма се и пон де рал ни ин декс) за бе ле же ни су по сле по ро ђа ја.

Ре зул та ти Сред њи ни во леп ти на и ади по нек ти на у се ру му 
бе ба оба по ла ни је се зна чај но раз ли ко вао (де ча ци: 1,85±0,75 
и 29,51±22,89ng/ml; де вој чи це: 2,06±0,99 и 31,60±23,51 ng/ml). 
За бе ле же на је зна чај на раз ли ка у ни воу леп ти на из ме ђу AGA и 
LGA но во ро ђен ча ди (1,93±0,84 пре ма 3,12±1,50 ng/ml; p<0,05), 
и у ни воу ади по нек ти на из ме ђу AGA и LGA у по ре ђе њу са SGA 
но во ро ђен ча ди (32,8±23,29 и 43,40±31,24 пре ма 12,67±2,43 
ng/ml, ре дом; p<0,05; p<0,05). Ни вои леп ти на и ади по нек ти на 
би ли су у по зи тив ној ко ре ла ци ји с те жи ном на ро ђе њу (r=0,63; 
r=0,41), ду жи ном на ро ђе њу (r=0,63; r=0,42), од но сом ова два 
па ра ме тра (r=0,61; r=0,41), ин дек сом те ле сне ма се (r=0,54; 
r=0,35) и пон де рал ним ин дек сом (r=0,47; r=0,29, (p<0,01).
За кљу чак Зна чај но ви ше кон цен тра ци је ади по нек ти на у 
се ру му утвр ђе не су код AGA но во ро ђен ча ди у по ре ђе њу са 
SGA де цом. Леп тин и ади по нек тин би ли су у по зи тив ној ко ре-
ла ци ји с те жи ном на ро ђе њу. Ова кви на ла зи ука зу ју на то да 
ови ади по ци то ки ни игра ју уло гу у ре гу ла ци ји ра ста фе ту са.
Кључ не ре чи: леп тин; ади по нек тин; ан тро по ме тријски па-
ра ме три; но во ро ђен чад
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