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ABSTRACT  
 

Background: Ghrelin and leptin are two metabolic hormones that play a significant role in fetal growth and 
development. The action of leptin is antagonistic to that of ghrelin. Objectives: (1) to compare the levels of both 
leptin and ghrelin in maternal serum and in umbilical cord blood (2) to assess the relationship between them 
(maternal and cord) and their effect on birth weight. Subjects and methods: the study included 83 full term 
neonates (46 males and 37 females); their gestational age ranged between 37 and 41 weeks, and their mothers. 
Neonatal anthropometrical assessment (body weight, length and head circumference) were done. Maternal and 
cord ghrelin and leptin levels were assayed using ELISA. Results: The mean maternal leptin level (8.53±7.57 
ng/ml), was significantly higher than the mean neonatal leptin level (5.16±0.82 ng/ml, p= 0.00). On the contrary, 
the difference between the mean maternal ghrelin level (21.56±16.12 ng/ml) and the mean neonatal ghrelin level 
(21.25±15.28 ng/ml) was statistically insignificant (p= 0.61). Maternal and baby ghrelin levels were positively 
correlated (p= 0.00 & r= 0.93), also maternal and baby leptin levels were positively correlated, (p= 0.00 & r= 
0.35). Baby leptin level was positively correlated with baby birth weight (p= 0.00 & r= 0.33), length (p= 0.01 & 
r= 0.26) and maternal age (p= 0.00 & r= 0.32 and 0.33 respectively). Conclusion: There is an insignificant 
correlation between ghrelin and leptin levels (in both maternal and cord blood). Cord leptin only has a 
significant effect on birth size, while ghrelin hasn't.   
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Introduction 
 

The role of ghrelin and leptin among the complex network of factors controlling fetal growth is still a 
matter for debate (Agzail and Lashen, 2012). 

Leptin; an appetite regulating hormone; is secreted primarily by white adipocytes (Aydin et al, 2008). It is 
also produced in human placenta and in syncytiotrophoblast maternal-fetal interface (Coya et al, 2005). It 
contributes to the regulation of fetal growth, body fat and appetite, and plays a role in the successful outcome of 
human pregnancy (Aydin et al, 2008). Women with normal pregnancy show elevated leptin level during 
pregnancy while its level decreases rapidly at postpartum period (Coya et al, 2005). 

Ghrelin has an antagonistic mode of action to that of leptin. It was first recognized as an appetite hormone 
by Kojima and his colleagues (1999). It is mainly produced in the chromogranin A- immune-reactive X/A- like 
endocrine cells located in the mucosal layer of the fundus of the stomach, but it was also detected in the central 
nervous system, kidneys, heart, parathyroid glands (Kojima and Kangawa, 2005) and in salivary glands (Aydin 
et al, 2006 & 2008). Ghrelin is a strong stimulator of the growth hormone secretion in the somatotroph cells of 
hypophysis (Takaya et al, 2000). 

Studies on human and animal models showed that leptin, and ghrelin are hormonal signals that reflect 
current body size and are implicated in weight homeostasis, energy expenditure, nutrient utilization and bone 
formation (Aydin et al, 2008).  

Under the light of this knowledge, this study aimed to investigate the relation between leptin and ghrelin 
levels in maternal and umbilical cord blood, and their effect on birth weight. 

 
Materials and Methods 

 
This is a cross sectional study, included a sum of 83 full term neonates and their mothers; 46 males and 37 

females; their gestational age ranged between 37 and 41 weeks. All the mothers were normotensive, and had no 
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other underlying clinical problems, such as diabetes mellitus, malnutrition, autoimmune disease, 
chorioamnionitis, other perinatal infections, or renal diseases and had no remarkable complications of pregnancy 
and delivery. None of the mothers were smokers. Since, circulating concentration of ghrelin and leptin exhibits 
cyclic variation and fasting hours might affect serum levels of these hormones, mothers who were eating within 
2 hours before delivery were excluded. 

The study was approved by the “Ethical Committee” of the “National Research Centre”, and informed 
consent was obtained from each person enrolled in this study. Samples were obtained from pregnant women and 
their newborns umbilical cords at the delivery room, obstetric hospital Ain-Shams University, during the period 
between August 2010 and December 2011. While maternal venous blood samples were collected at the time of 
acceptance to the hospital shortly after the PE diagnosis was confirmed, newborn’s umbilical venous blood 
samples were collected after delivery by puncture. Sera were simultaneously separated for ghrelin and leptin 
assays at room temperature after blood sampling. Serum samples were kept frozen at -20 C until analyses were 
done. 

Anthropometric assessment (body weight, length and head circumference) was performed on the same day, 
using standardized equipments, and following the recommendations of the International Biological Program 
(Hiernaux & Tanner, 1969). Three consecutive measurements were taken and when the differences between the 
readings were acceptable the mean was recorded. Birth weight was measured by using “Seca Scales”, .All 
clothes were removed including the diaper and the neonate was placed in the center of the weighing surface. The 
reading was taken approximated to the nearest 0.01 kg. Body length was measured by using “Harpenden 
Infantometer” device with a fixed headboard and a moveable footboard that were perpendicular to the surface 
on which the neonate was lying. The measurement was approximated to the nearest 0.1 cm. Head circumference 
was measured by a flexible, non-stretchable measuring tape. The lower edge of the measuring tape was placed 
just above the neonate eyebrows, above the ears and around the occipital prominence at the back of the head. 
The tape was pulled snugly to compress the hair. The reading was taken approximated to the nearest 0.1 cm.   

Leptin and ghrelin hormone assays. Both maternal and neonatal cases were enrolled for the quantitative 
measurement of leptin and ghrelin serum levels. Peripheral blood samples (3 ml) were withdrawn from all cases 
under complete aseptic conditions centrifuged and aliquited for storage at -20 ºC till time of assay. Enzyme 
immunometric assay (ELISA) was the principle for quantitative assessment   of leptin and ghrelin levels in 
which calibrators and samples react with the monoclonal antibody coated on the micro titer well (MAB1) and 
with a monoclonal antibody (MAB2) labeled with horse reddish peroxidise (HRP). After an incubation period 
allowing the formation of a sandwich, coated MAB1-TARGET PROTIEN-MAB2HRP, a washing step was 
performed and then the bound enzyme-labeled antibody was measured via a chromogenic reaction. 

 
Statistical analysis: 

 
Statistical analyses were done using an SPSS 16 statistical package program. The data were compared using 

Student t test, and expressed as mean ± standard deviation (SD). Correlations between maternal and fetal leptin, 
ghrelin and birth size were examined by Pearson ُ◌ s Correlation Test. P value less than 0.05 was considered as 
significant. 
 
Results: 

 
There were insignificant sex differences regarding neonatal anthropometric measures (Wt, L and HC), 

maternal and cord leptin and ghrelin (table, 1). So, the analys was completed without sex differentiation. 
The mean maternal leptin level (8.53±7.57 ng/ml), was significantly higher than the mean neonatal leptin 

level (5.16±0.82 ng/ml), at p= 0.00. On the contrary, the difference between the mean maternal ghrelin level 
(21.56±16.12 ng/ml) and the mean neonatal ghrelin level (21.25±15.28 ng/ml) was statistically insignificant, at 
p= 0.61 (table, 2). 

Maternal and baby ghrelin level was positively correlated (p= 0.00 & r= 0.93), also maternal leptin was 
positively correlated with baby leptin (p= 0.00 & r= 0.35). Baby leptin level was positively correlated with baby 
weight (p= 0.00 & r= 0.33), length (p= 0.01 & r= 0.26) and maternal age (p= 0.00 & r= 0.32 & 0.33 
respectively) (table, 3).  
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Table 1: Sex differences in the anthropometric measurements and laboratory data  

Anthropometric measures and laboratory data Male 
N=46 

Female 
N= 37 t P 

Neonatal data     
Weight (Kg) 3.299±0.725 3.129±0.776 1.02 0.309 
Length (Cm) 50.173±2.027 49.870±1.993 0.68 0.496 

Head Circumference (Cm) 34.64±1.47 34.56±1.54 0.22 0.825 
Ghrelin (ng/ml) 21.564±14.583 20.865±16.329 0.20 0.839 
Leptin (ng/ml) 4.842±5.924 4.450±3.828 0.34 0.732 

Maternal Data 
Age (Ys) 27.304±5.236 28.729±6.998 -1.06 0.292 

Fasting hours 7.630±2.711 8.162±2.939 -0.85 0.395 
Ghrelin (ng/ml) 21.688±15.582 21.416±17.011 0.07 0.940 
Leptin (ng /ml) 8.097±5.260 8.527±8.872 -0.27 0.787 

 
Table 2: Comparison of maternal and neonatal ghrelin and leptin level 

Maternal and neonatal ghrelin and leptin level (n = 83) Maternal  Baby t P 
Ghrelin (ng/ml) 21.56±16.12 21.25±15.28 0.51 0.61 
Leptin (ng/ml) 8.53±7.57 5.16±0.82 3.55 0.00 

 
Table 3: Correlation of maternal and neonatal ghrelin and leptin level with anthropometric and clinical data 

Neonatal and maternal data Correlation Maternal ghrelin Baby ghrelin Maternal leptin Baby leptin 

Weight r 0.17 0.20 0.14 0.33** 
P value 0.11 0.07 0.20 0.00 

Length r 0.14 0.18 0.16 0.26** 
P value 0.20 0.10 0.13 0.01 

Head Circumference r 0.03 0.04 0.11 0.17 
P value 0.78 0.69 0.32 0.11 

Baby ghrelin r 0.93** 1.00 0.08 0.15 
P value 0.00 ---- 0.47 0.18 

Maternal ghrelin r 1.00 0.93** 0.08 0.18 
P value --- 0.00 0.47 0.10 

Baby leptin r 0.18 0.15 0.35** 1.00 
P value 0.10 0.18 0.00 ---- 

Maternal leptin r 0.08 0.08 1.00 0.35** 
P value 0.47 0.47 --- 0.00 

Maternal age r -0.09 -0.06 0.17 0.31** 
P value 0.39 0.58 0.11 0.00 

N.B.: ** Highly significant differences(p<0.01) 
 
Discussion: 

 
Fetal growth is a complex multifactorial process. Although several hormones are believed to have a 

regulatory role, yet their relative contribution remains speculative at best and usually controversial. The role of 
ghrelin and leptin among the complex network of factors controlling fetal growth is still a matter for debate 
(Agzail and Lashen, 2012).  

The present study recorded highly significant differences between maternal and baby leptin levels, where 
the mean maternal leptin level (8.53±7.57 ng/ml) was higher than the mean neonatal leptin level (5.16±0.82 
ng/ml) (p > 0.00). In contrast to leptin; there was insignificant difference between maternal and baby ghrelin 
levels. This coincided with the study of Papadopoulou et al, (2000), who found that the mean maternal leptin 
showed a statistically significant difference from the mean cord serum leptin (14.7 & 7.07 ng/ml, respectively). 
They concluded that the maternal leptin level could not be used as a reliable marker of fetal growth, but a 
positive correlation between cord serum leptin and fetus growth is suggested. Rafeey et al, (2007), also recorded 
that maternal leptin level (25.45±17.59 ng/ml) was significantly higher than cord leptin levele (11.5± 8.33 
ng/ml). It is still not known why leptin levels are more elevated in newborns than in other age groups 
(prepubertal children & adults) in comparison to fetal mass in these groups, and remains to be clarified. 
However, placental production of leptin, and initiation for the beginning of birth could be the cause (Palcevska-
Kocevskaеt al., 2012). Similarly, Cortellazi et al., (2003), Bellone et al ., (2004), Fuglsang et al., (2006) and  
Dündar et al, (2010), found  insignificant differences between the fetal and maternal ghrelin levels. 

These results are contradictory to Bellone et al., (2004), and Lanyi et al., (2008), who interestingly showed 
that ghrelin levels in neonates were higher than those in their mothers, indicating feto-placental derived ghrelin 
production. 

In this study, maternal ghrelin had only highly significant positive correlation with baby ghrelin, while 
maternal leptin had only highly significant positive correlation with baby leptin. There are insignificant 
correlations between leptin and ghrelin either in maternal serum or in umbilical cord blood. Both maternal and 
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baby ghrelin had insignificant correlations with baby anthropometric measurements, maternal age, maternal and 
neonatal leptin. These results are in agreement with  those of Bellone et al., (2004),  and Hehier et al., (2013), 
who observed a positive correlation between maternal and cord ghrelin levels (p< 0·01). Also, Aydin et al., 
(2008), noticed that the increase in maternal leptin and ghrelin levels was associated with a parallel increase in 
umbilical leptin and ghrelin, which may partly originate from the placenta (Chanoine et al, 2002; Coya et al., 
2005). These observations thus suggests that ghrelin and leptin may have some role not only in fetal-placental 
circulation but also in maternal circulation, and the balanced changes in ghrelin and leptin may be beneficial to 
normal fetal growth through the maintenance of energy balance and maternal adaptations to pathological 
conditions such as preeclampsia ( Aydin et al., 2008). 

Similar to our results, Bellone et al., (2004), concluded that maternal and baby ghrelin had insignificant 
correlations with baby anthropometric measurements (birth weight and length). Moreover, no association 
between ghrelin and leptin levels was found. Chiesa et al., (2008), reported that babies’ ghrelin was not 
associated with any anthropometric measure at birth. Also, Saylan et al., (2011), found insignificant correlation 
between maternal serum ghrelin levels and fetal birth weight.  

Moshtaghi-kashanian et al. (2011), reported that although leptin has an opposite effect with the action of 
ghrelin and its increased levels have been reported during pregnancy (Iftikhar et al. 2008), yet correlation with 
ghrelin have not been reported. The lack of direct correlation between ghrelin and leptin levels, as well as, with 
body weight and length suggests that at birth, this new gastric hormone does not play the same metabolic 
activities exerted in adulthood when associations with body mass index, nutrient intake and insulin secretion are 
clearly apparent (Inui et al., 2001). However, the lack of association among ghrelin levels and anthropometric or 
biochemical parameters, in the newborns, does not rule out the possibility that ghrelin plays important role in the 
fetal/maternal communication (Gualillo et al., 2001). 

In contrast, Cortellazi et al., (2003), Bellone et al ., (2004),  Fuglsang et al., (2006), Lanyi et al, (2008),  
and Saylan et al., (2011), all of them have found insignificant correlation between the fetal and maternal ghrelin 
levels. Chanoine et al, (2002), Onal et al., (2004), Yokota et al. (2005), and Abdel Hakeem et al. (2012), found 
negative correlation between cord blood ghrelin level and anthropometric measures (birth weight, body length, 
and BMI). Chiesa et al., (2008), recorded that maternal ghrelin was positively associated with head 
circumference, while umbilical ghrelin were not associated with any anthropometric measurement at birth.  

Although the physiological role of ghrelin in newborn babies is not clear, yet maternal weight gain may 
decrease the secretion of the ghrelin (Saylan et al., 2011) . Since maternal ghrelin crosses the feto-placental 
barrier, it could be critical for fetal development. Maternal ghrelin prompts fetal growth through stimulation of 
cell proliferation (Nakahara et al., 2006). 

The present study recorded that baby leptin had highly significant positive correlation with maternal age, 
baby weight and length. On the contrary, maternal leptin had insignificant correlation with any one of them. Our 
findings were supported by majority of previous studies on different populations (Hassink et al., 1996; Matsuda 
et al., 1997; Schubring et al., 1997; Jaquet et  al., 1998; Yildiz et al, 2002; Petridou et al., 2005; Yeung et al., 
2003; Tsai et al., 2004; Zare et al, 2007; Palchevska et al., 2012); that showed a positive and significant 
correlation between umbilical cord serum leptin level (baby leptin) and birth weight. Palcevska-Kocevskaеt al., 
(2012) confirmed these data in the population including ethnicity groups; Macedonian, Albanian or Roma 
babies. This occurs as a result of exponential elevation of leptin production from the growing adipose tissue 
during the last trimester of pregnancy (Jaquetet  al., 1998;). Chiesa et al., (2008), recorded that baby’s leptin was 
positively associated with birth weight and tended to correlate positively with body length, while maternal leptin 
was not associated with any anthropometric measure of the newborn. Samsad et al, (2009), reported that cord 
serum leptin levels were correlated with birth weight (r=0.587, p=0.0001). Palcevska-Kocevskaеt al., (2012), 
found that leptin levels were positively correlated with birth weight, birth length and fat content in the newborn. 
Mellati et al., (2010); in Iran; and found  the umbilical cord serum leptin was significantly and positively 
correlated with birth weight, but against our results, that there was not associated with body length and maternal 
age. Yildiz et al, (2002), and Mouzaki  et al, (2012), reported no correlation between maternal leptin levels and 
fetal weight, whereas several studies have reported that umbilical cord blood leptin levels correlate with fetal 
birth weight, length and head circumference. They concluded that the human placenta is a major source of leptin 
in the fetal circulation, due to the higher leptin levels in umbilical veins compared with umbilical arteries, and 
the marked fall during the neonatal period. Zare et al (2007), proposed that leptin level in maternal and neonatal 
blood is correlated positively. 

Therefore, leptin is signaling the expression of fat stores to the brain and other target tissues. In addition, 
total body fat at birth is positively associated with birth weight and reflects intrauterine growth (Tsai et al., 
2004). Therefore, intrauterine growth-retarded full-term newborns have significantly lower than appropriate 
umbilical cord leptin concentrations (Alexe et al., 2006). Furthermore, increased neonatal adiposity is associated 
with childhood obesity (Mantzoros et al., 2009). The association between umbilical serum leptin and birth 
weight in this and other studies suggests a pivotal role of fetal leptin in regulating fetal growth and development 
(Yildiz et al, 2002). 
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These results are contradictory to that of a previous study (Yildiz et al, 2002)which reported insignificant 
correlation between umbilical leptin concentration and maternal leptin.  Moreover, Ho et al .( 2010) study 
showed that cord blood leptin concentrations showed no correlation with birth weight, or length of the neonates. 
A number of studies suggested that the lack of correlation between maternal and neonatal leptin levels was due 
to the drastic reduction of maternal serum leptin levels after placental delivery (Masuzaki et al., 1997; Lall et 
al., 2001). Others found that, in comparison to the leptin released into maternal circulation, the leptin released 
from the placenta into fetal circulation was very low (Liennmann et al., 2000). However, adipocytes are not the 
only source of leptin; the placenta also contributes a significant proportion of leptin during gestation (Lepercq et 
al., 2003).In vitro studies have revealed that |95% of placental leptin is distributed to maternal circulation 
(Mellati et al., 2010). Cord blood leptin is derived from fetal tissue. It is detectable by gestational week 18 but 
only increases to significant levels after week 34, which coincides with the development of fetal adipose tissue 
(Catov et al., 2007). Whereas much maternal leptin is produced by the placenta, most cord leptin is produced by 
fetal adipose tissue (Mouzon et al., 2006; Catov et al., 2007). Maternally circulating leptin does not cross the 
human placenta in significant amounts; hence, there is no correlation between maternal leptin levels and fetal 
weight (Lepercq et al., 2003; Laivouri et al., 2006). In contrast, cord leptin levels exhibit a very strong, positive 
correlation with the fat mass of neonates (Mouzon et al., 2006). The correlation of cord blood leptin 
concentration with body weight and other anthropometric characteristics of newborn infants remain 
controversial. Several studies have demonstrated a positive correlation between leptin concentration in cord 
blood and newborn birth weight (Mastuda et al ., 1997; Tsai et al., 2004), but some reports have indicated a 
higher correlation of leptin levels with other anthropometric indices to the exclusion of birth weight (Christou et 
al, 2001; Papageorgiou et al., 2004). Furthermore, the suggestion that leptin plays an intrinsic role in fetal 
growth and development is still a matter of debate because patients with leptin gene mutations have normal birth 
weights and lengths (Farooqi et al., 1999). 

There is converging evidence that a strong correlation between leptin levels and neonatal birth weight exists 
(Alexe et al., 2006), which can be a reflection of the contribution of body fat mass in determining leptin levels. 
Aydin et al., (2008), have reported a positive correlation between the maternal gestational weight and maternal 
leptin concentration in pregnant women.  
 
Conclusion: 

 
Although there are highly significant correlations between maternal and cord ghrelin and between maternal 

and cord leptin, there is an insignificant correlation between ghrelin and leptin (either in maternal or in cord 
blood). In spite of the fact that the action of leptin is antagonistic to that of ghrelin, cord leptin only has a 
significant effect on birth size, while ghrelin has no effect. 
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