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Abstract

Introduction: Serum adipocytokines concentration, their mutual relationship and correlations with
anthropometric data could be indicators of fetal and neonatal growth maturity level in term and preterm
infants.

Objectives: Study was designed to assess the correlation of the anthropometric parameters with leptin
and adiponectin levels in healthy preterm and term newborns.

Design and Methods: A cohort of 110 neonates of both sexes, born pre term (PT) (n=36) or at term (AT)
(n=74), additionally classified as AT-AGA (n=36), AT-SGA (n=18), AT-LGA (n=20) and PT-AGA (n=24),
PT-SGA (n=12), according to the Lubchenco curves Mother Body Mass Index-MBMI, Birth Weight-BW,
Birth Length-BL, Body Weight/Body Length ratio-BW/BL, Body Mass Index-BMI, Ponderal Index-PI,
was recorded after birth.

Results: Sex has no influence on mean serum leptin and adiponectin level. However, differences
between AT and PT groups were highly (p<0.01) significant (2.20±1.02; 30.77±22.64 and 1.24±0.35;
9.44±4.82 ng/mL, respectively).  Significant difference was found in adiponectin levels between AT-AGA
and AT-LGA compared to AT-SGA subgroup (32.8±25.41 and 43.40±16.98 vs 12.67±2.45 ng/mL,
respectively, (p<0.01; p<0.01). There was a significant difference between leptin levels (1.93±0.70;
1.71±0.53 vs 3.12±1.27 ng/mL) in AT-AGA and AT-SGA compared to AT-LGA newborns, respectively,
(p<0.01; p<0.01).  No significant differences were found in leptin and adiponectin levels neather between
PT subgroups (1.30±0.38 ng/mL) nor between PT group and AT-SGA (1.71±0.53 ng/mL) subgroup.
Leptin and adiponectin levels were positively correlated with all anthropometric parameters: BW, BL,
BW/BL, BMI, and PI (p<0.05).

Conclusion: These results indicate that the stage of body growth maturity is positively correlated to
adipocytokines involved in fetal growth regulation.
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Introduction
Fetal and infant nutrition and growth have

previously been correlated to disease in adulthood [1].
Premature infants no matter if they were born small or

appropriate for gestational age demonstrate higher
prevalence of insulin resistance [2].

Adipokines, predominantly leptin and
adiponectin are hormones produced by the adipose
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tissue. Fetal adipokines maturation takes place
predominantly in second trimester of pregnancy, playing
a role in lipid and glucose metabolism. Since leptin is
secreted by adypocites in late stages of differentiation
and adiponectin only by fully differentiated adipose cells,
they can be used as a marker for adipose tissue
development and the amount of adipose tissue. Prenatal
growth and gestational age play crucial role in adipose
tissue maturation and accumulation, modifying leptin
and adiponectin secretion, endocrine secretion and
metabolic functions.  The inadequately developed fat
tissue in premature infants and infants with intrauterine
growth restriction lead to impaired glucose metabolism
and insulin resistance [3].

Recent studies refer development of obesity,
insulin resistance and other metabolic disturbances
later in life in patients born preterm or small for gestational
age [4]. Leptin is an adipostatic hormone with an
important role in feeding behavior, appetite,
thermoregulation, body lipid metabolism regulation and
energy balance carried out trough multiple hypothalamic
pathways [5, 6]. Leptin acts as a peripheral mediator
relaying crucial information regarding body fat status to
the brain  in children and adults [7]. During pregnancy
leptin increases and returns to normal after delivery.
Umbilical cord blood concentrations of leptin correlate to
baby‘s birth weight, with higher serum leptin
concentrations seen in macrosomic newborns [8].

Studies in term infants indicate significant
association of leptin with body mass index, birth weight
and insulin with insulin-glucose ratio, leading to
conclusion that adipoinsular pathway is already active
during fetal and neonatal period. [9, 10]. The metabolic
and hormonal changes regarding leptin levels in preterm
infants and early postnatal life changes are not well
elucidated. Studies have revealed changes in both brain
structure and function or illness later in life related to
early perinatal events [11-13].

Adiponectin is the most abundant circulating
protein derived from the adipose tissue. Its crucial role is
protection against insulin resistance development and
development of syndrome X [14]. Adiponectin plays an
important role in carbonhydrate metabolism favoring
peripheral insulin-induced glucose uptake, although
evidence of this  in the fetal period is lacking [15].  Studies
refer inverse relation between serum adiponectin
concentrations and serum leptin levels as well as obesity
[16]. These observations apply to older children at the
age 5-10 years [17].

Contrary to these observations, studies on
newborn infants refer serum adiponectin levels positively
correlating to birth weight and leptin levels. Studies on
adiponectin role in fetal growth revealing it‘s role in fetal
growth are controversial [18, 19]. Only few studies have
been published regarding preterm infants and correlation
of circulating adiponectin levels and birth weight, weight
gain and serum leptin or insulin levels. Adiponectin
levels are referred to be lower in preterm infants at
discharge compared to full term, probably due to
decreased adiposity. Adiponectin levels were referred to
be influenced by being born SGA, weight gain and
probably due to dietary long chain polyunsaturated fatty
acids (LCPUFAs) [20].

The study was designed to evaluate and
compare leptin and adiponectin levels in preterm and
term delivered neonatal population and to determine its
association with anthropometrics parameters of
newborns.

Materials and Methods
A cohort of 110 (54 female and 56 male)

neonates, born from uncomplicated, pregnancies at
term (n=74) or preterm (n=36) i.e., between 30 and 42
gestational weeks has been evaluated in the study.
Neonates with risk factors (maternal diabetes, stressful
delivery, infection, etc.), were excluded from the study.

Anthropometric measurements were made at
birth, including length, weight, head circumference, and
body weight/body length ratio. Because a single standard
anthropometrics factors (BW; BL) cannot assess the
nutritional status of newborn properly, we also used
combinations of two anthropometric factors: Ponderal
index (PI), and Body Mass Index (BMI). PI and BMI are
expressed by the following formulas: PI = body weight(g)
/ [body length(cm)]3 x 100 and BMI = body weight(kg)/
birth length2(m).

Neonates were categorized in two groups
according the delivery term (AT-delivery at term and PT-
preterm delivery) and additionally in subgroups according
to the Lubchenco’s curves as: Apropriate for gestational
age (AGA-birth weight between 10th and 90th percentiles),
Large for gestational age (LGA-birth weight above 90th

percentile) and Small for gestational age (SGA-birth
weight below the 10th percentile) defining AT-AGA, AT-
SGA, AT-LGA, PT-AGA and PT-SGA subgroups.
Gestational age at birth was calculated from the last
menstrual period, supported by ultrasound
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measurements and confirmed by Dubowitz scoring.

Serum levels of leptin and adiponectin in fasting
state were determined from a blood samples at regular
control visit from each neonate. Blood samples were
taken at least 48 and before 72 hours after delivery ( third
day after delivery) with the purpose of avoiding any bias
of hormones deriving from maternal tissues. The blood
samples were immediately centrifuged and stored at -
20oC until assayed.

Serum adiponectin and leptin concentrations
were measured by the ELISA method (Human DRG
Instruments GmbH, Germany). The limit of sensitivity of
the adiponectin assay was 0.78 ng/ml. and the intra- and
inter -assay coefficient of variations (CV%) were 0.9-7.4
and 2.4-8.4 ng/mL respectively. The sensitivity of the
DRG Leptin ELISA was 1.0 ng/mL, and the intra- and
inter assay CV% ranged from 5.9 5-6.91 and 8.66-11.55
respectively.

Between group comparison and correlation of
the anthropometric parameters with adiponectin and
leptin were statistically analyzed using STATISTICA
program, one way ANOVA and LSD test, because the
data distribution was close to normal. Multiply regression
analyses were performed to evaluate Birth Weight and
Gestational Age influence on leptin and adiponectin
levels.

The study was reviewed and approved by
Institutional Rewiev Board of the hospital. Informed
consent was obtained from all mothers before the blood
samples were taken and inclusion their infants in the
study.

Results
The structure of the studied population infant’s

anthropometric data, leptin and adiponectin serum
concentrations expressed as a mean values of different
groups are presented in Table 1, and 2.

Mean birth weight of the newborns classified as
AT (n=74) was 3503.51 ± 801 gr and was significantly
higher than the birth weight of the PT (n=36) group
(1769.17 ± 390 gr).

Mean birth length, and birth weight/birth length
ratio were 50.31 ± 3.35 cm, (69.30 ± 13.99 gr/cm) for AT,
42.81 ± 2.97 cm, (41.01  ±  6.79 gr/cm) for PT, respectively.
Marked differences between AT and PT group for the
birth length and birth weight/birth length ratio were

noticed for the ponderal and body mass index values,
stressing the difference between AT (3.76 ± 0.73; 13.78
± 2.89) compared to PT (2.23 ± 0.26; 9.55 ± 1.20),
respectively. No marked differences were observed in
anthropometric data between sexes within the AT and
PT groups.

Sex has no influence on mean serum leptin and
adiponectin group or subgroup levels, but almost double
and triple differences between AT and PT group were
highly (p<0.01) significant (2.20 ± 1.02; 30.77 ± 22.64
and 1.24 ± 0.35; 9.44 ± 4.82 ng/mL, respectively).

In the AT group significant difference was found
in adiponectin levels between AT-AGA and AT-LGA
compared to AT-SGA subgroup newborns (32.8 ± 25.41
and 43.40 ± 16.98 vs 12.67 ± 2.45 ng/mL, respectively,

Table 1: Group distribution, clinical characteristics, leptin and
adiponectin concentration in AT and PT newborn’s serum of the
studied population.

a,b Values with same superscript are significantly different (p<0.05).

Table 2: Clinical characteristics of newborns, leptin and
adiponectin concentration in ATAGA, ATSGA, ATLGA, PTAGA
and PTSGA subgroups newborn’s serum.

a,b,c Values with same superscript in the same row are significantly different (p<0.01).
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(p<0.01; p<0.01). There was a significant difference
between leptin levels (1.93 ± 0.70; 1.71 ± 0.53 vs 3.12 ±
1.27 ng/mL) in AT-AGA and AT-SGA compared to AT-
LGA newborns, (p<0.01; p<0.01).

Since neither leptin, nor adiponectin levels were
significantly different in male compared to female
newborns, no additional gender adjustment was
performed during the analysis. This is inline with the
thesis that other factors influence leptin and adiponectin
serum concentration in this starting growth period of the
newborn.

The levels of leptin and adiponectin were strongly
correlated with all anthropometric variables (p<0.001)
as can be seen in Table 3.

diseases in later life than formula feeding. Human milk
contains various hormones and growth factors involved
in energy metabolism. Recent studies observe that the
different hormonal values together with different protein
intake could account for growth differences between
breast fed and formula fed infants during the period of
infancy and in later life [34-39]. Brest fed infants have
higher serum leptin levels that correlate positively with
maternal BMI [40]. Since diet regiment is difficult to
estimate and early in life, preterm infants correlated with
those born on term are “natural experiment” of special
interest in assessing markers that can be followed up. A
number of articles in the literature (referred in further
text) point out that such marker are adipokines.

In our study three groups of neonates (AGA,
LGA, SGA) born on time (AT) or preterm (PT) were
analyzed. In the whole investigated group of neonates,
there was a positive correlation between birth weight,
BMI and PI and concentration of leptin and adiponectin.
This is in concordance with other studies and occurs as
a result of exponential elevation of leptin production from
the growing adipose tissue during the last trimester of
pregnancy [22, 29]. Some studies showed declining  in
leptin values within the first days after birth, probably due
to the reduction of the amount of the adipose tissue and
difference in nutritional pattern (placental-oral) during
this period [30, 41]. There were no sex differences in
leptin concentrations in our studies, which is concordant
with findings in the cohort described by Schubring and
Trifiro. The opposite findings is described in the study of
Jaquet, where females had higher leptin levels [29, 42].
Other body parameters, such as head and chest
circumference do not show correlation with adipokine
levels, unlike in the study of Lakho, where positive
correlations between HC and leptin levels were found
[43].

The relationship between maternal and fetal
metabolism is complex. The mechanism of increasing
both maternal and fetal body fat, especially during the
last several months of pregnancy depends on hormonal,
genetic and environmental changes and is still poorly
understood [29]. Since adipokines contribute to a fat
metabolism, some studies point out the association
between leptin levels and maternal weight gain. Our
study didn’t show any correlation between leptin levels
in newborn and BMI in mothers, as shown in the study of
Papadopulou [44]. Geary stated positive correlation
between maternal leptin levels and maternal obesity,
and separately, positive correlation between neonatal
leptin concentrations and neonatal BW [45]. Relationship

Table 3: Correlations between anthropometric data, leptin and
adiponectin concentrations.

All correlation coefficients were highly significant (p < 0.001).

Multiply regression analyses showed significant
influence of BW on leptin (bBW=0.696) and adiponectin
(bBW=0.827) levels and non significant influence of GA
(leptinbGA=-0.030; adiponectinbGA=0.140), even that in
both cases model explains only about 50% of the variance
(R2

leptin=0.4491; R2
adiponectin=0.5214).

Discussion
Development of adipose tissue in fetal life

depends on genetic factors and fetal nutrition. Its amount
highly depends on gestational age since adipocytes
develop (in number and volume) mainly in the last
trimester of pregnancy. Gestational age is crucial for
development of adipose tissue and, therefore influences
a lot in adipokine secretion and other consecutive
metabolic and endocrine factors. Adaptation of
extrauterine life, among other factors, depends on the
amount of adipose tissue. Conversely, adipose tissue
peptides have important role in weight and metabolic
control afterwards in life. A process termed
“programming”, first described by Lucas, is thought to be
responsible in reaching this control. Several studies
pointed out that nutritional status in fetuses and newborns,
as well as diet regimen in the first months has a great
impact on metabolic status in the whole life of an individual
[32, 33]. Prolonged breast feeding seems to be associated
with decreased risk of obesity and metabolic related
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between maternal-neonatal data was not found,
suggesting that there are two different compartments
with different underlying mechanisms.

In the group of neonates born on time a
significantly elevated leptin concentration was found in
neonates with higher BW. This correlation was found in
other studies that confirms the positive correlation
between BW and leptin levels [29, 43, 45, 46]. The levels
of adiponectin in LGA and AGA neonates were
significantly higher than the values in SGA,as found in
other studies [47, 48]. However, low adiponectin level in
SGA newborns in that age does not suggest intrauterine
insulin resistance, but could be a causative factor for
insulin resistance later in life.

In the preterm infants there was no difference in
leptin levels in PT-AGA and PT-SGA newborns. Leptin
level was similar to that in term -SGA neonates, which is
concordant with amount of adipose tissue, rather than
gestational age. This findings correlate with studies of
Ertl and Ng [49, 50].  Ng pointed out constant elevation
of leptin levels after day 14, when weight gain is starting.
He also stated that “adipoinsular axis” works early,
probably earlier than 34 gestational age [50]. Adiponectin
levels are also lower in preterm infants in our study, as
well as in the others[20,48]. Recent studies refer leptin,
adiponectin and resistin have been found at lower levels
in pre-term infants compared to term newborns, unlike
ghrelin levels [51]. Adiponectin level in SGA and preterm
infants, may represent a marker for development of
obesity and metabolic syndrome during adulthood. The
severity of SGA in newborns correlates with lower
adiponectin levels and obesity later in life.

Conclusion: Adipokines are a reliable marker in
establishing metabolic control.  This study confirms that
these adipocytokines depend on gestational age and
ponderal index. Significantly higher adiponectin levels
were found in AGA neonates compared to lower values
in SGA neonates, and leptin levels are elevated only in
macrosomic babies. Leptin and adiponectine levels are
more likely to correlate with birth weight than with
gestational age.
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