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Abstract OBJECTIVE: The effect leptin on fetal growth in healthy and infected newborns 
is not well known. This study is aimed at: 1) evaluating serum leptin concentra-
tion in full term and preterm, healthy and infected newborns, according to their 
gender, birth asphyxia, intrauterine and neonatal infections, and 2) assessing the 
correlation between serum leptin levels and anthropometric parameters among 
healthy and infected newborns.
MATERIALS AND METHODS: The study involved 146 newborns: 73 full-term and 
73 preterm, 86 male and 60 female, 56 healthy and 90 infected, aged from 2nd to 
4th day of life. Anthropometric parameters, including: birth weight, length, head 
and chest circumference, and serum leptin concentration were measured in all 
the subjects. Intrauterine and neonatal infections were diagnosed by the standard 
criteria.
RESULTS: In this study, it was found that both healthy and infected, but full-term 
newborns had significantly higher mean leptin concentration than the premature 
ones (p<0.05). Statistically significant (p<0.05), positive correlations were found 
between serum leptin level and gestational age, birth weight, head and chest cir-
cumference, both in healthy, and in infected newborns. 
CONCLUSIONS: Findings of this study suggest that the serum leptin concentra-
tion in full term newborns is higher than in the preterm ones, and in females 
it is higher than in males, 2) among both healthy and infected newborns, there 
is a positive, linear correlation between the serum leptin concentration and 
anthropometric parameters, 3) intrauterine and neonatal infections do not have 
a significant influence on serum leptin concentration. The role of leptin in fetal 
growth deserves further research. 
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IntRodUctIon

A very important group of factors regulating intra-
uterine fetal growth and development consist of fetal 
factors, among which the endocrine ones are synthe-
sized in early stages of the development. These factors 
include insulin, growth hormone, insulin-like growth 
factors, adiponectin, epidermal growth factors, and 
leptin (Akcurin et al. 2005; Baby et al. 2004). The name 
leptin is derived from a Greek word “leptos” that means 
“lean”. The leptin is a molecule composed of 146 amino-
acids, circulating in bloodstream. Its half life is about 25 
minutes (Bazela 2005). It is produced mostly by mature 
cells of the white adipose tissue, and to a lesser degree, 
by the brown adipose tissue. It is also synthesized, in 
smaller quantities, in muscle cells, epithelial mucosa of 
the stomach, as well as in the pituitary gland and pla-
centa (Domali et al.2002; Esler et al. 1998). 

Leptin exerts multidimensional actions in the entire 
body. It is transported from bloodstream to the central 
nervous system (CNS), where in hypothalamus, con-
nects with its specific receptors, causing inhibition of 
the synthesis and secretion of the neuropeptid Y. Low-
ering the concentration of this neuropeptid leads to 
a decrease of an appetite, and in consequence, it may 
cause the decrease of body mass (bm) (Bazela 2005). In 
addition, leptin affects the secretion of other hypotha-
lamic neuropeptides, including proopiomelanocortin, 
melanothropin, and corticoliberin. Corticoliberin is 
widely distributed in the CNS, particularly in the peri-
ventral area of hypothalamus, where it plays a poten-
tially anorexigenic role, similarly to leptin. Furthermore, 
leptin may act independently or synergistically with 
insulin, causing an increase of glucose intake, inhibition 
of secretion of the neuropeptid Y, and appetite decrease. 
Hyperinsulinemia that lasts for a longer period of 
time leads to an increase of the leptin concentration 
(Kautzky-Willner et al. 2001). This effect is most proba-
bly caused by the trophic effect of insulin on adipocytes. 
Therefore, elevated leptin concentrations are found 
in newborns of diabetic mothers (Janeckova 2001). 

According to some studies, the leptin deficit or resis-
tance to it, leading to obesity, might also be a reason 
for obstructive respiratory disorders, such as sleep 
apnea-hypopnea syndrome. It is believed that leptin 
may play the role of growth factor in lungs, and serve 
as a neurohormonal modulator of the central regula-
tion of respiration (Janeckova 2001). A high leptin 
value represents the degree of resistance to leptin at the 
hypothalamus level, and contributes to increased mobi-
lization of the peripheral fatty acids (Kulik-Rechberger 
et al. 1998; Linnemann et al. 2000; Tamura et al. 1998). 
In contrast, in pregnancies complicated by pathology, 
like preeclampsia, the level of circulating leptin is much 
higher (Hytinanti et al. 2000; Laivuori et al. 2006; Laml 
et al. 2001). It is thought that the leptin level may be 
one of the factors of placental insufficiency, inhibiting 
intrauterine fetal growth. In recent studies, the role of 

leptin was analyzed under different nutritional condi-
tions, both among children and adults, in processes of 
growth and sexual maturation, and also with relation 
to the body fat content (Barash et al. 1996; Domali et 
al. 2002; Esler et al. 1998; Iwagaki et al. 2004; Kotulska 
et al. 2002; Lepercq et al. 2003; Lin et al. 2005; Valle et 
al. 2003). 

In the literature, there is only a limited number of 
papers that determine the serum leptin concentration 
in conditions of intrauterine infection and neonatal 
sepsis, in full term and preterm newborns (Akcurin et 
al. 2005; Chiesa et al. 2008; Matsuda et al. 1997; Ochoa 
et al. 2001; Orbak et al. 2003; Ozdemir et al. 2007; Petri-
dou et al. 2005 Vatten et al. 2002; Yeung et al. 2003). For 
this reason, it is not possible to establish an associa-
tion between the leptin values in sick (mostly infected) 
newborns, including their gender, general status after 
birth, and anthropometric parameters (Koc et al. 2003; 
Orbak et al. 2003; Shekhawat et al. 2000; Su et al. 2002). 
In addition, previous studies have suggested that in 
acute stages of infections, the leptin concentration may 
change (Orbak et al. 2003). In attempt to further explain 
this topic, we conducted the study that was aimed at: 
1) evaluating serum leptin concentration in both full 
term and preterm, healthy and infected newborns, 
according to their gender, gestational maturity, birth 
asphyxia, intrauterine infection, and neonatal sepsis, 
and 2) assessing the correlation between serum leptin 
levels and anthropometric parameters in both healthy 
and sick newborns.

MAteRIAL And MethodS 
Study subjects
The study population consisted of 146 newborns aged 
from 2nd to 4th day of life. It included 73 (50%) full term 
and 73 (50%) preterm newborns. There was 86 males 
and 60 females, among whom, 87 (59.6%) were deliv-
ered through natural birth passages, and 59 (40.4%) by 
cesarean section. The study was approved by the Ethics 
Committee of Silesian University of Medicine (SUM), 
in Katowice, Poland, on February 12, 2002 (NN-013-
23/02). Parents or legal guardians of the newborns gave 
their informed consent to participate. The study was 
conducted in the years 2002–2005, at the SUM aca-
demic hospitals. Healthy newborns were delivered at 
the Obstetrics Department (OD) of the SUM in Zabrze, 
Poland, and the infected ones were treated at the Neo-
natal Intensive Care Unit (NICU) of the SUM in Zabrze, 
Poland. Newborns who were small for their gestational 
age, and the ones delivered from pregnancies compli-
cated by maternal diabetes or other endocrine disorders 
were excluded from the study.

Clinical data of the study newborns were collected 
from their hospital OD and NICU case records. The 
degree of the study subjects’ maturity was assessed 
based on the duration of pregnancy, according to Nae-
gele formula, and subsequently verified by an ultra-
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sound assessment. Normal birth weight (range 10–90 
pc.) was evaluated, according to birth weight percentile 
charts for Silesian newborns population (these details 
are specifically described by Baumert et al. (1993)). 

All the study newborns were divided into 4 groups, 
based on standard clinical criteria, considering the 
occurrence of intrauterine infection, and gestational age:

I group  - included 41 healthy, full-term newborns,
II group  - included 15 healthy, premature newborns,
III group  - included 32 infected, full-term newborns,
IV group  - included 58 infected, premature newborns.

Clinical characteristics of the study subjects are 
shown in Table 1. 

Clinical and laboratory examination of the study subjects
Anthropometric measurements were performed in all 
the newborns immediately after birth, and included:

• birth weight – checked with a standard neonatal scale,
• birth length – measured with a medical centimeter 

scale, along physiological body curvatures, from 
vortex to the plantar plane of feet, positioned 
perpendicularly to shanks,

• head circumference (occipital-frontal) – measured 
with a medical centimeter scale, through the point 
on the forehead, between frontal tubers and the point 
located the furthest to the back of the occiput,

• chest circumference – measured with a medical 
centimeter scale, at the level of junction of the sternal 
body and xyphoid process.

With regard to the analyzed neonatal infections, in 
addition to their clinical evaluation, the following diag-
nostic criteria were applied as mandatory:

• for intrauterine sepsis – the presence of clinical 
inflammatory signs in at least two organs or systems, 
and a positive blood culture, 

• for pneumonia (in an early stage; isolated, in 
the course of sepsis, or coexisting with the acute 
respiratory disease syndrome – ARDS) – the 
presence of concomitant respiratory failure within 
the first 48 hours of life, and changes on the chest 
X-ray, 

• for purulent meningitis – abnormal results of the 
cerebro-spinal fluid (CSF) analysis, obtained by a 
lumbar punction, with pleocytosis (above 32/mm3, 
predominance of PMNS), CSF protein concentration 
> 200 mg %, low CSF glucose level (<80% of serum 
level), and the presence of bacteria (conditional, due 
to finding of pathogens of the purulent meningitis 
only in 50% of cases),

• for urinary tract infection – bacteriuria (above 
105 colonies/ml), with concomitant pyuria,

• for dermatitis – the presence of multiple purulent 
skin lesions, confirmed by bacterial cultures, 
obtained from the inflammatory skin changes 
(Staphylococcus aureus was found to be the most 
common pathogenic strain),

• for ARDS – clinical symptoms of respiratory 
insufficiency, and typical signs on the chest X-ray. 

In addition, an intracranial hemorrhage was 
detected, by using a transfontaneal ultrasound scan 
of the brain, and the birth asphyxia was determined, 
according to low Apgar score at 1st minute of life, and 
the pH value below 7.16, from the venous cord blood.

Measurement of serum leptin concentration
Concentration of leptin in serum of the venous blood 
was determined by using a disposable commercial 

Tab. 1. Clinical characteristic of examined four groups of newborns. 

Group

Sex
..................

Mean±SD (minimum–maximum)
...................................................................................................................................

M F Gestational age 
(weeks)

Body weight 
(g)

Lenght 
(cm)

Head 
(cm)

Chest 
(cm)

Apgar score
(points) 

....................................................................
c i r c u m f e r e n c e s

1 min. 

Group I
N=41 25 16

41.6±0.8 3 552±380.0 53.3±2.2 34.1±1.8 33.2±1.5
4–10 

38.0–42.0 2 710–4 140 48–61 31–37 30–37

Group II
N=15 7 8

35.7±0.7 2 492±210.0 47.4±1.8 32.2±1.2 29.2±1.6
5–10 

32.0–37.0 1 710–2 850 40–53 29–35 25–33

Group III
N=32 15 17

39.2±0.9 3 375±310.0 48.2±1.9 35.2±2.8 33.8±1.4
0–10 

38.0–42.0 2 950–4 000 47–60 31–37 31–35

Group IV
N=58

39 19
32.4±3.0 1 892±560.0 46.5±4.2 30.4±2.8 26.8±3.1

0–10 
27.0–37.0 840–2 970 35–55 23–35 19–35
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IRMA (immunoradiometric assay) test kits (manufac-
tured by Diagnostic Systems Laboratories Inc., Webster, 
Texas, US). Samples of 1 ml of peripheral venous blood 
were collected at the exact time, from 8.00–9.00 AM, 
between 2nd and 4th day of life of a newborn. The speci-
mens were immediately centrifuged, and the isolated 
serum was frozen and stored in the w temperature 
–28 °C, until measured. Testing procedures were per-
formed by the same laboratory technician, in order to 
assure consistency of the results, and to minimize bias. 
All the analyses were performed at the Immunology 
Laboratory of the Silesian Pediatric Center, in Zabrze, 
Poland. The test results were reported in ng/ml. None 
of the study newborns received blood or any hematog-
enous preparation without a prior consent.

Statistical analysis
After establishing a normal distribution of the analyzed 
variables, by using the Kolmogorow-Smirnow test, 
comparisons between groups were performed using the 
Student t-test, when the distribution of data was normal, 
and the Mann-Whitney U test, when the distribution of 
data was different from normal. In addition, the Spear-
man correlation coefficient test was used for the evalu-
ation of correlations between the leptin concentration, 
as a dependent variable and other study parameters. 
Multiple regression analysis was performed. 

Statistical analyses were conducted using the Statis-
tica 7.1 program. The data were presented as arithmetic 
mean ± standard deviation (SD), and the level of sig-
nificance was accepted at p<0.05, for all the analyzed 
data.

ReSULtS

Serum leptin concentrations in the four groups of new-
borns, including their gender, are shown in Table 2 and 
III. It has been demonstrated that both healthy and 
infected full term newborns had statistically signifi-
cant, higher leptin concentration than the premature 
ones (Figure 1). No statistically significant differences 
between healthy and infected full term newborns and 
between healthy and infected premature ones were 
observed. 

A significant positive linear correlations between 
the serum leptin concentration and gestational age in 
healthy (r=0.4196, p<0.05) and in infected newborns 
(r=0.3457, p<0.05), were found, as depicted in Figure 2. 

Positive correlations between leptin concentrations 
and birth weight in healthy (r=0.4151, p<0.05), and in 
infected newborns (r= 0.4154, p<0.05) were also found. 
(Figure 3). In addition, the positive correlation between 
the leptin value and body length (r=0.415, p<0.05) was 
reported (Figure 4). 

Furthermore, in both in healthy and infected 
newborns, a positive correlation between the leptin 
value and head circumference (r=0.3448, p<0.05 and 
r=0.3755, p<0.05) respectively, and the leptin value and 
chest circumference (r=0.4026, p<0.05 and r=0.389, 
p<0.05), respectively, were found.

Furthermore, based of multiple regression analysis, 
it was confirmed that there is an association between 
serum leptin concentration and low Apgar score (<6 
points), female gender, gestational age, and birth weight 
of the newborns. These results are presented on Figure 5.

Tab. 2. Mean serum leptin concentration in examined four groups of newborns.

Group n Mean CI. –95% CI. 95% Min Max Interval Variation St. dev.

Group Ia 41 3.73 3.26 4.20 1.27 7.90 6.63 2.22 1.49

Group Ib 15 2.44 2.25 2.63 1.82 2.93 1.11 0.12 0.35

Group IIa 32 3.94 3.29 4.59 1.66 9.08 7.42 3.23 1.80

Group IIb 58 2.44 2.12 2.75 0.92 6.92 6.00 1.44 1.20

Tab. 3. Mean serum leptin concentration in examined four groups of newborns regarding their sex.

Group of newborns n Mean CI. –95% CI. 95% Min Max Interval Variation St. dev.

Group Ia
boys 25 3.96 3.23 4.69 1.27 7.90 6.63 3.14 1.77

girls 16 3.36 2.93 3.79 2.32 5.08 2.76 0.66 0.81

Group Ib
boys 7 2.45 2.19 2.71 2.17 2.83 0.66 0.08 0.28

girls 8 2.43 2.09 2.78 1.82 2.93 1.11 0.17 0.42

Gorup IIa
boys 15 3.22 2.53 3.91 1.66 6.27 4.61 1.55 1.25

girls 17 4.58 3.55 5.60 2.53 9.08 6.55 3.99 2.00

Group IIb
boys 39 2.18 1.91 2.45 0.92 4.40 3.48 0.71 0.84

girls 19 2.97 2.18 3.75 1.56 6.92 5.36 2.64 1.62
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dIScUSSIon

In our study, we examined the serum leptin concentra-
tion in healthy and infected newborns, with body mass 
appropriate for their gestational age. Our results have 
indicated a direct correlation between the serum leptin 
concentration and the birth weight. This observation is 
consistent with findings of other authors, who analyzed 
only the newborns born with body mass appropriate 
for gestational age (without an intrauterine dystrophy 
syndrome) (Matsuda et al. 1997; Vatten et al. 2002). A 
close correlation of the birth weight and serum leptin 
concentration was also found by Cetin et al. (2000), who 
studied newborns with different body mass, including 
normal, too small, or too big for the gestational age. In 
addition, these authors have shown, by calculating the 
serum leptin concentration per kilogram of the body 

mass, that there are no significant differences between 
the study groups. Also, research by Marchini et al. 
(1998) revealed that the newborns with excessive body 
mass, born from mothers, who had normal gestation, 
had their leptin concentration three times higher than 
the newborns with normal body mass. A correlation 
between the leptin concentration and birth weight was 
also confirmed by Polish authors (Garanty-Bogacka et 
al. 2003). According to their two-year analysis of the 
54 newborns with the low body mass, including 31 
premature, and 23 full term ones, there was no signifi-
cant differences in the concentration of this hormone 
among full term newborns with low body mass, and the 
preterm ones, with a similar, low body mass. 

Some authors have suggested that the leptin concen-
tration in the cord blood is related to the body mass 
rather than to the gestational age and maturity. In our 
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Fig. 1. Comparison of serum leptin concentration in groups of 
healthy and infected full-term and premature neonates.

Fig. 3. Correlation between serum leptin concentration and birth-
weight in healthy and infected neonates.

Fig. 2. Correlation between serum leptin concentration and gesta-
tional age in healthy and infected neonates.

Fig. 4. Correlation between serum leptin concentration and body 
length in healthy and infected neonates.
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own material, in which we analyzed the relationship 
between the serum leptin concentration and gesta-
tional age of the newborns, born between 27 and 42 
week of pregnancy, the positive correlation was found 
between these parameters, among both healthy and 
infected newborns. Similar to our results, Spear et al. 
(2001) fund a very low leptin concentration in preterm 
newborns, comparing to the full term ones. These find-
ings may confirm some facts, related to the important 
role that leptin plays in the developmental processes, 
according not only to experimental studies (Barash et 
al. 1996), but also to the clinical ones, conducted by var-
ious research teams, among infants and older children 
(Frazer-Llado et al. 1996; Hassink et al. 1997; Savino et 
al. 2002; Spear et al. 2001). It has been suggested that 
the body mass, and closely related to it the appropri-
ate amount of adipose tissue, are associated with the 
newborn’s maturity more than the leptin concentration. 
This phenomenon may also be related to the pattern of 
newborn’s feeding (Dundar et al. 2005). For instance, 
Savino et al. (2002) have found higher values of leptin 
levels in newborns fed naturally, comparing to the ones, 
who were fed with an artificial formula. 

In addition, many authors consider that the gender 
of the newborn represents an important factor, which 
modulates the leptin concentration, apart from the body 
mass (Baby et al. 2004; Christou et al. 2001; Domali et 
al. 2002; Helland et al. 1998; Janeckova, 2001; Matsuda 
et al. 1997; Ng et al. 2001). In their studies, Laml et al. 
(2001), Petridou et al. (2005), and Helland et al. (1998) 
have shown statistically significant, higher leptin values 
in the cord blood among girls than among boys. Also, 
Okerere et al. (2002) have found a similar pattern of dif-
ferences that can be partially attributed to the various 
content of adipose tissue, and to the lower body mass 
in male and female newborns, born to mothers with 
gestational diabetes. 

According to Tome et al. (1997) some effect on 
the above phenomenon may also be attributed to a 

higher mass of placenta, found in pregnancies, from 
which female offspring were delivered. The placenta, 
as a short–living endocrine organ, manufactures and 
secretes different hormones, including leptin (Tome et 
al. 1997). In our study, we have indicated that the sig-
nificantly higher leptin concentration in female new-
borns, comparing to the male ones, were present only 
among newborns with intrauterine infection, both full 
term and preterm. However, in these studies, only the 
newborns of the mothers with diabetes or other endo-
crine disorders were taken into consideration. These 
results, pertaining to the sick newborns, may indicate a 
considerable sexual dimorphism that is already emerg-
ing, during the initial period of life. In contrast, lack 
of this correlation among the healthy newborns in the 
study is probably related to a small study sample. Nev-
ertheless, independent studies by some other authors 
did not confirm an association between the serum 
leptin concentrations and gender of healthy newborns 
(Akcurin et al. 2005; Kirel et al. 2000). Furthermore, 
many authors consider leptin to be an important factor, 
affecting anthropometric characteristics of a newborn 
that is evidenced by positive correlations between the 
leptin concentration and newborns’ body length, head 
and chest circumference, measured at birth (Countant 
et al. 2001; Manderson et al. 2003; Matsuda et al. 1997; 
Petridou et al. 2005). 

Our analysis of the leptin concentration in the two 
groups of newborns (the healthy ones, and the ones 
with intrauterine or neonatal infection), after adjusting 
for their gestational maturity, revealed no statistically 
significant differences between the healthy newborns 
and the ones with early stages of infections, including 
mainly sepsis and pneumonia, among full term and 
premature newborns. The results of our study support 
the ones of the other authors. In particular, Frazer et 
al. (1996) in their analysis of 100 children showed that 
among critically ill newborns, treated at the intensive 
care unit, the serum leptin concentration did not change 
significantly due to an infection. A similar observation 
was conducted by Koc et al. (2003), who analyzed the 
effect of sepsis on values of leptin, in a group of 20 new-
borns, and a correlation between the leptin concentra-
tion, and levels of TNF-alpha and IL-6, secreted in the 
course of sepsis. 

Based on investigations by some other authors, 
the leptin, similarly to erythropoietin, appears to be 
a marker of the long-term fetal asphyxia that might 
represent a high predictive value with regard to fur-
ther development of the child. The key role in stimula-
tion of the leptin and erythropoietin gene expression, 
in response to hypoxia, is played by the transcrip-
tive factor HIF-1 (hypoxia inducible factor), which 
is activated, depending on the cellular oxygen level. 
(Iwagaki et al. 2004; Tome et al. 1997). Based on the 
available literature, no information was found regard-
ing any specific pattern of the leptin concentration in 
cases of acute hypoxia. In our study, we also analyzed 
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the leptin concentration in newborns, whose general 
clinical status during the first minute of life indicated 
current or past hypoxia around the delivery time. The 
number of points below 7 was established as a cut 
off value, according to the Apgar scale, as a standard 
criterion. By using the method of multiple regression 
analysis in healthy full term and preterm newborns, it 
was indicated that directly after birth, the worst was the 
status of the newborn, the higher was his/her serum 
leptin concentration. Therefore, hypoxia represents the 
second parameter, after the birth mass, which is closely 
correlated with leptinemia, in newborns without the 
intrauterine infection. On the other hand, lack of this 
correlation in sick newborns can be explained by the 
presence of serious infectious or inflammatory dis-
eases, which can significantly attenuate the newborns’ 
neuroendocrine reactivity. Furthermore, it is not pos-
sible to exclude the effect of time that elapsed from 
the initiation of hypoxia, since the examinations were 
performed during 3th and 4 th day of life, and because 
of that timing, there could have been a possibility of 
a decrease, or even cessation of hypoxemia, as well as 
its effects on the neuroendocrine and immune system, 
after the first 24 hours of life.

A strength of our analysis was its design that allowed 
us to examine and compare the serum leptin concentra-
tions in full term and preterm, as well as in healthy and 
infected newborns, of both genders, taking into consid-
eration their perinatal risk factors, such as intrauterine 
and neonatal infections, and birth asphyxia. Also, the 
laboratory methodology, assuring consistency of the 
results and in-patients settings of the academic medi-
cal center allowed us to perform a precise assessment 
of the correlation between the serum leptin levels and 
neonatal anthropometric parameters among the study 
subjects.

A limitation of this study was a small number of 
participants, one location, and its short duration. Also, 
only selected perinatal risk factors (related to infections 
and hypoxia) were analyzed. Nevertheless, the results 
of our study confirmed the prior notion that the early 
form of infection (around the delivery time), mostly 
generalized, does not play a significant role in the leptin 
secretion, during the first days of life. A detailed expla-
nation of the importance of leptin in the process of fetal 
growth, especially in the earliest period of life of new-
borns with infections, still remains unresolved. 

In conclusion, the findings of this study suggest that the:

• neonatal serum leptin concentration depends on 
the birth weight, gestational age, gender, and general 
status after birth. In full term newborns, it is higher 
than in the preterm ones, and in females it is higher 
than in males.

• among both healthy and sick newborns, there is a 
positive, direct, linear correlation between the serum 
leptin concentration and anthropometric parameters.

• intrauterine infection or others infectious 
complications of pregnancy do not have a significant 
influence on the serum leptin concentration in 
newborns.

Therefore, further experimental and clinical studies, 
providing more information about leptin’s role in the 
process of fetal growth and development, as well as its 
regulation of the metabolism and energy utilization by 
growing organism of infant and small child are required 
on large population.
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