
 
 

 
 

  
 
 
 

 
 

 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 

Introduction     
   Intrauterine growth restriction is a severe 
health problem related to neonatal morbidity 
and mortality (1). The mortality rates in intra- 
uterine growth restricted newborns are  
higher than term newborns with healthy 
intrauterine growth (2, 3). Congenital anomalies, 
intra uterine infections, perinatal asphyxia, hypo 
thermia, hypoglycemia, meconium aspiration 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

pulmonary hemorrhage, and are leading 
causes of morbidity and mortality in the 
growth-restricted newborns. 
  Leptin, a polypeptide hormone with 16kda 
molecular weight and 167 amino acids, is 
involved in many metabolic regulatory steps in 
humans (4-6). Under normal physiological 
conditions, leptin is produced by adipose tissue 
(6). In pregnancy, placental secretion of leptin 
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Correlation of Maternal and Cord Blood Leptin 
Concentrations with Neonatal Birth Weight in 
Term, Preterm and Growth-Restricted Fetuses 

Background: The study aimed to determine the association of cord blood and maternal leptin levels with neonatal 
birth weight in preterm deliveries, intrauterine growth retarded neonates, and term neonates. 
Materials and Methods: Sixty parturient were enrolled in this prospective observational study, and data of fifty-one 
parturient were analyzed. There were nine dropouts. Of these patients, 20 had intrauterine growth restriction (Group 
I), 15 had moderate preterm labor (Group II), and 16 had labor with regular term pregnancies (Group III). Obstetric 
and demographic data were recorded for the mothers and neonates. Cord blood sampling was done just before 
clamping of the cord, and maternal venous blood was sampled within five minutes after parturition. 
Results: Mean cord blood leptin levels in Groups I, Group II, and Group III were 2.29±2.92, 0.93±0.64, and 2.26±1.78, 
respectively. Maternal leptin levels in Group I, Group II, and Group III were 8.79±5.92, 4.91±3.76, and 5.83±4.36. 
Mean birth weights were 2395±461g in Group I, 2142±464g in Group II, and 3472±419g in Group III.  There was 
no statistically significant difference in neonatal birth weight between Group I and Group II (p=0.487), whereas the 
difference was significant for both Group I and Group II compared to Group III (p<0.001). 
Conclusion: Leptin has an essential role in intrauterine fetal growth. Cord blood leptin concentrations have a positive 
correlation with neonatal birth weight in preterm fetuses. 
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dominates, and 95% is secreted to the maternal 
circulation (7, 8). Maternal leptin increase with 
increasing adiposity (9, 10). During pregnancy, 
maternal leptin levels increase gradually at the 
first trimester, reaches a peak at the second 
trimester and gains a plateau at the third 
trimester (11). 
  Although fetal cord blood leptin levels are 
lower than maternal leptin levels, it can be 
determined at birth. The source of fetal cord 
blood leptin is fetal adipose tissue (12). Cord 
blood leptin levels increase gradually until the 
34th gestational week in association with the 
increasing neonatal adipose tissue, and term 
neonates have a six-fold higher leptin level than 
preterm neonates (13).  
  In the present study, we assessed the 
relationship of maternal and cord blood leptin 
levels with neonatal birth weight in fetuses 
with intrauterine growth restriction, preterm-
appropriate for gestational age (AGA) fetuses, 
and term-AGA fetuses. 
  

Materials and Methods 
Subjects 
  After approval from the institutional review 
board and ethics committee, the observational 
study was prospectively designed. We enrolled 
sixty patients (20 patients in each group). There 
were nine dropouts (six patients did not meet 
inclusion criteria, and three patients declined to 
participate). Data obtained from 51 pregnant 
patients were considered for statistical analysis. 
All patients gave written informed consent. The 
study was conducted following the declaration 
of Helsinki. All patients had at least three 
antenatal visits. Gestational week of the patients 
was determined according to their last 
menstrual cycle and confirmed by obstetric 
ultrasound examination at their first antenatal 

visit. Patients with a body mass index (BMI) 
greater than 26 kg/m2 on the first antenatal 
visit, gestational diabetes, polycystic ovary 
syndrome, multiple pregnancies, hypertension, 
were excluded from the study. 
  Patients were divided into three subgroups. 
Patients with intrauterine growth-restricted 
fetuses were included in Group I (n=20), 
patients with preterm labor-appropriate for 
gestational age fetuses (AGA) were included in 
Group II (n=15), and term pregnancy-AGA 
fetuses were included in Group III (n=16). 
Gestational week of the patients was assessed 
with an ultrasound just before parturition. 
Patients with at least two weeks of delay in fetal 
growth according to the predetermined 
gestational week at their first antenatal visit and 
fetuses under ten percentile according to 
Brenner scale (14) were included in Group I. 
Patients that delivered before 37th gestational 
week with AGA fetuses were included in Group 
II. Patients delivered after 37th gestational week 
with AGA fetuses were included in Group III.  
  Previous obstetric history (gravid, parity, 
abortus, dilatation, and curettage) were 
recorded. Age, weight, height, BMI at first 
antenatal visit, and delivery were recorded. 
Amniotic index, route of parturition, indication 
for cesarean section, neonatal birth weight, 
Apgar score, and gender of the newborn were 
recorded. 
Patients Blood Sampling 
  Maternal blood samples were obtained within 
five minutes following delivery.  Cord blood was 
sampled after birth just before cord clamping. 
Blood samples were centrifuged at 2000 rpm 
for ten minutes and stored at -20 ºC.  Analysis 
of blood samples was carried out with 
BioSource Leptin Easia Kit (Biosource Europe 
S.A., I’Industrie 8B-1400, Nivelles, Belgium). 
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Values between 3.6-9.6 ng/ml were accepted in 
the normal range for leptin. 
 

Statistical Analysis 
  Statistical package for the social sciences 
program (IBM, SPSS, Chicago, IL, USA) was 
used for the analysis of data. Qualitative data 
were analyzed with the chi-square test. Normal 
distribution of data was analyzed with the 
Shapiro–Wilk test. The comparison of data 
between groups for the normally distributed 
data was analyzed with a one-way analysis of 
variance. If the difference was statistically 
significant, Tukey test was used for multiple 
comparisons. Data without normal distribution 
were analyzed with the Kruskal-Wallis test. A 
significant difference was analyzed with the 
Mann-Whitney-U after Bonferroni correction. 
Correlation of leptin levels with other study 
variables was analyzed with Pearson and 
Spearman correlation tests as appropriate. P 
value <0.05 was accepted as a statistically 
significant difference. 
  

Results 
  In the present study, we analyzed the data 
collected from 51 pregnant women. The age of 
the patients included in the study ranged from 
18 to 33 years. The distribution of age in groups 
was comparable. (p=0.596) Pregravid BMI of 
the patients was comparable between groups 
and ranged from 16.61-24.98 kg/m2 (p=0.707). 
BMI at delivery ranged from 20.76 to 31.64, and 
there was no statistically significant difference 
between groups (p=0.258). Gestational week 
ranged from 33 weeks to 41 weeks-three days 
in Group I. Gestational week in Group II ranged 
from 27 weeks-five days to 36 weeks-three 
days. Gestational week in Group III ranged from 
37 weeks-four days to 41 weeks-three days. 
The difference in the gestational week at 

parturition was statistically significant (p<0.001). 
Of 51 pregnant patients, 23 (45.1%) of  
them were primiparous, and 28 (54.9%) were 
multi parous. The distribution of patients was 
comparable between groups according to 
parity (0.667) (Table-1). 
  The amniotic index was evaluated with 
ultrasound scanning (Logic 200 Pro, GE 
Company, Malaysia) just before labor and 
patients that had amniotic index < 50 mm was 
accepted as oligohydramnios. Fifteen patients 
(75%) in Group I, four patients (26.7%) in Group 
II, and one patient (6.3%) in Group III had 
oligohydramnios. Oligohydramnios was more 
frequent in Group I. (p<0.001) Cesarean section 
rates were 65%, 20%, and 37.5% in Group I, II, 
and III respectively and the higher rate in Group 
I was statistically significant (p<0.001) The 
indications of cesarean section are presented in 
Table 2. Cesarean section due to fetal distress 
was higher in Group I (p<0.001) 
  Fetal birth weight in Group I was 2395±461 g, 
in Group II 2142±464g, and 3472±419 g in 
Group III. Fetal birth weight was comparable 
between Group I and Group II (p=0.487), but 
both groups had a lower fetal birth weight than 
Group III (p<0.001). 
  Maternal leptin levels in Group I was 
significantly higher than Group II and Group III 
(p=0.023). The maternal leptin levels were 
comparable between Group II and Group III 
(p=0.762). The change in maternal leptin levels, 
according to gestational week was comparable 
between groups (p=0.421). There was a 
positive correlation between maternal leptin 
concentrations and BMI at delivery in Group I 
(p=0.027) and Group III (p=0.046), but there 
was not a significant correlation in Group II 
(p=0.073) (Figure-1). Maternal leptin levels did 
not have a significant correlation with neonatal 
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birth weight in Group I (p=0.066, r= -0.419), 
Group II (p=0.525, r=0.178) and Group III 
(p=0.433, r= -0,211) (Figure-2). 
  Cord blood leptin concentration was lower 
in Group II than Group I and Group III 
(p<0.001). Cord blood leptin concentrations 
were comparable between Group I and Group 
III (p=0.256). There was a positive correlation 
between cord blood leptin concentration and 
fetal birth weight in Group II (p=0.016) but 
Group I and Group III did not have a correlation 
(p=0.766 and 0.863 respectively, Figure-3). 
Besides, there was not any correlation between 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

the fetal gender and cord blood leptin 
concentrations in all groups (r=0.257, 0.254, 
and 0.132 respectively). There was not any 
significant correlation between maternal leptin 
concentrations and cord blood leptin 
concentrations in all groups (p=0.720, 0.970, 
0.289, respectively, Figure-4). Neonates born 
with cesarean section in Group I had a higher 
cord leptin concentration than newborns 
delivered vaginally (p=0.017). Cord leptin 
concentrations in Group II and Group III were 
comparable between vaginally delivered 
newborns and those delivered with cesarean 
section (p=0.347, 0.642 respectively). 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Table-1. Maternal and neonatal characteristics 

Patient Characteristics 
Group I  
(n:20) 

Group II  
(n:15) 

Group III  
(n:16) 

P Value 

Age (years) 24.35±3.1 24.73±3.43 25.63±4.33 0.596 

Pregravid BMI (kg/m2) 21.25±2.58 21.91±2.24 21.63±2.14 0.707 

BMI at parturition (kg/m2) 26.03±3.13 26.03±2.49 27.38±2.21 0.258 

Gestational week (week) 38.3±2.2 33.2±2.4 39.1±1.2 <0.001 

Primiparous (n) 10 7 6 0.667 

Multiparous (n) 10 8 10 0.667 

Oligohydramniosis (n) 15 4 1 <0.001 

Cesarean delivery (n)  13 3 6 <0.001 

Vaginal delivery (n) 7 12 10 <0.001 

Neonatal birth weight (g) 2895±461 2142±464 3472±419 <0.001 

Maternal Leptin (ng/ml) 8.79±5.92 4.91±3.76 5.83±4.36 0.023 

Cord Leptin (ng/ml) 2.29±2.92 0.93±0.64 2.26±1.78 <0.001 

Neonatal Gender (F/M) 13 / 7 6 / 9 6 / 10 0.257 
 

 

Table-2. Indications for Cesarean Section 

Groups 
Fetal distress  

(n, %) 
Previous cesarean  

(n, %) 
Other reasons  

(n, %) 
Total  
(n, %) 

Group - I 7, 53% 2, 15% 4, 32% 13, 100% 

Group - II 1, 33.3% 0, 0% 2, 66.7% 3, 100% 

Group - III 1, 16.7% 4, 66.6% 1, 16.7% 6, 100% 

Total 9, 40.9% 6, 27.3% 7, 31.8% 22, 100% 
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Figure-1. Correlation of maternal leptin concentrations with maternal BMI at parturition. A: Group-I (intrauterine growth restricted 
fetuses group), B: Group-II (preterm fetuses with appropriate for gestational age group), C: Group-III (term fetuses with appropriate 
for gestational age fetuses), BMI: body mass index (kg/m2), R2: Coefficient of determination. 

 

Figure-2. Correlation of maternal leptin concentrations with neonatal birth weight. A: Group-I (intrauterine growth restricted fetuses 
group), B: Group-II (preterm fetuses with appropriate for gestational age group), C: Group-III (term fetuses with appropriate for 
gestational age fetuses), BMI: body mass index (kg/m2), R2: Coefficient of determination. 

 

Figure-3. Correlation of cord leptin concentrations with neonatal birth weight. A: Group-I (intrauterine growth restricted fetuses 
group), B: Group-II (preterm fetuses with appropriate for gestational age group), C: Group-III (term fetuses with appropriate for 
gestational age fetuses), BMI: body mass index (kg/m2), R2: Coefficient of determination. 
 

 

Figure-4. Correlation of cord leptin concentrations with maternal leptin concentrations. A: Group-I (intrauterine growth restricted 
fetuses group), B: Group-II (preterm fetuses with appropriate for gestational age group), C: Group-III (term fetuses with appropriate 
for gestational age fetuses), BMI: body mass index (kg/m2), R2: Coefficient of determination. 
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Discussion 
  Results of the present study demonstrated 
that maternal leptin concentrations have a 
positive correlation with maternal BMI but not 
with cord blood leptin concentrations and fetal 
birth weight. There was a positive correlation 
between cord blood leptin concentrations and 
fetal birth weight in preterm-AGA newborns 
and term-AGA newborns. Although neonates 
with intrauterine growth restriction have a 
higher cord blood leptin levels, it does not have 
a significant correlation with fetal birth weight. 
  Tamura et al. (15) reported that there was a 
positive correlation between pregravid BMI and 
maternal leptin concentrations. Therefore, in 
the present study, we excluded patients with 
BMI> 26 kg/m2 to prevent bias on the results of 
maternal leptin concentrations. In our study, we 
found a positive correlation between maternal 
leptin concentrations and BMI at parturition in 
Group I and Group III, but there was not a 
significant correlation in Group II, consistent 
with the results of Tamura et al (15).  
  The effect of maternal leptin concentrations 
on neonatal outcome was assessed in a recent 
study (16). The authors analyzed the effect of 
maternal leptin on neonatal birth weight, 
length, and the sum of skinfold with pregravid 
obese and non-obese mothers. They 
concluded that leptin levels were not associated 
with birth weight when stratified by obesity 
status. They also concluded that maternal leptin 
levels are associated with multiple pathways 
that influence fetal growth differentially, 
depending on the timing in pregnancy and 
maternal pregnancy obesity status. In the 
present study, we enrolled pregravid non-
obese mothers and following the study by 
Hinkle et al. we could not find a significant 

correlation between the maternal leptin levels 
and neonatal birth weight.   
  Tamura et al.(15) reported that maternal leptin 
concentrations were comparable between the 
intrauterine growth restriction group and the 
control group. Pighetti et al. (17) reported that 
a maternal serum leptin concentration in the 
growth-restricted group was higher than 
patients with term pregnancy-AGA fetuses. Our 
results were in accordance with the results of 
Pighetti et al. (17) but in contrast with the results 
of Tamura et al. (15) which can be explained by 
the patients included in the study groups. In the 
study by Pighetti et al. and the present study, 
patients with pregravid BMI >26 kg/m2 were 
excluded to prevent bias on the maternal leptin 
concentrations.  
  Previous studies reported positive correlation 
between maternal blood leptin concentrations 
and preterm labor (18, 19). They suggested that 
maternal leptin levels in term-AGA infants were 
higher than preterm-AGA infants. Our results 
were in accordance with the results of these 
previous studies.  
  Conflicting results have been reported on  
the relationship between cord blood leptin 
concentrations and intrauterine fetal growth. 
While some of them reported that cord leptin 
concentrations in IUGR fetuses were lower than 
term-AGA fetuses (12, 20), others have reported 
that IUGR have higher leptin concentrations  
(21, 22). Takahashi et al. suggested that the 
chronic hypoxic conditions and the acute 
hypoxic periods during parturition with uterine 
contractions are responsible for the elevated 
cord blood leptin concentrations in IUGR 
fetuses. In the present study, fetal cord blood 
leptin levels in Group-I was comparable to 
Group III, but both were higher than the cord 
blood leptin levels in Group II. However, serum 
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leptin levels adjusted for the gestational week 
were comparable in all groups in this study.   
  A positive correlation was reported between 
fetal cord blood leptin concentrations and 
neonatal birth weight (23-25). On the other 
hand, Clapp et al. (26) have assessed the 
relationship of cord blood leptin levels with 
maternal weight, weight gain during 
pregnancy, maternal fat ratio, placenta weight, 
neonatal birth weight, and neonatal fat ratio. 
They reported that there was a positive 
correlation, only, between cord blood leptin 
concentration and fetal fat ratio. In both Cetin 
et al.’s (12) and Jaquet et al.’s (20) studies, cord 
blood leptin levels were lower in growth-
restricted fetuses than AGA fetuses after 34th 
gestational week. However, it was also reported 
in the latter 2 studies that leptin concentrations 
were comparable between IUGR and AGA 
fetuses when adjusted for fetal birth weight (12, 
20). In the present study, we could not find any 
significant correlation between cord blood 
leptin levels and neonatal birth weight in Group 
I and Group III; however, there was a positive 
correlation in Group II. In the present study, 
fetal distress rate during parturition was higher 
in Group I when compared to Group II and 
Group III. The stress condition may have 
increased the production and secretion of fetal 
leptin. This may explain the insignificant 
difference in cord blood leptin levels between 
Group I and Group III.  
  Yoshimitsu et al. (27) have assessed the effect 
of vaginal delivery and an elective cesarean 
section on the level of cord blood leptin 
concentrations. They concluded that cord 
blood leptin concentration in the vaginal 
delivery group was higher than the elective 
cesarean section group. They accused the 
stress condition during vaginal delivery were 

more than the elective cesarean section, which 
results in increased cord blood leptin levels. In 
our study, we found higher cord blood leptin 
levels in patients undergoing cesarean section 
than those delivering vaginally in Group I.  
There was not any significant relationship 
between the route of parturition and cord 
blood leptin concentrations in Group II and 
Group III.  In Group I, 65% of patients delivered 
with cesarean section. The indication of 
cesarean section was fetal distress in 53% of 
patients. The cesarean sections in the study by 
Yoshimitsu et al. (27) were elective cases, unlike 
our study, whereas more than half of cesarean 
sections were carried out in an emergency 
setting in our study. This may explain why the 
cord blood leptin concentrations were 
comparable between Group I and Group III in 
the present study.  
  Several previous studies reported that female 
gender is associated with higher cord blood 
leptin levels (24, 28). However, others have 
reported that cord blood leptin concentration is 
not affected by gender (12, 29). In the present 
study, there was not any significant correlation 
between the cord blood leptin concentrations 
and neonatal gender.  
  One of the limitations of the present study was 
patients undergoing cesarean section in Group 
I were mostly emergent cesarean sections with 
fetal distress. This may have influenced the 
leptin concentration levels in maternal serum 
and cord blood. Another limitation was the 
relatively small sample size of the study groups, 
although fifteen patients per group were found 
to be appropriate to conclude for a statistically 
significant difference.  
  Leptin is an crucial polypeptide hormone that 
has an essential role in fetal growth. Maternal 
obesity, maternal leptin concentrations, the 
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timing of pregnancy, and cord blood leptin 
concentrations may affect neonatal growth. 
Further studies are needed to investigate the 
effect of these parameters in relation to leptin 
on fetal growth. Moreover, we suggest that 
future studies with higher sample sizes are 
warranted to validate our results. 
  In conclusion, leptin has an essential role in 
intrauterine fetal growth. Unlike maternal leptin 
concentrations, cord blood leptin levels have a 
positive correlation with neonatal birth weight 
in preterm newborns. Further studies with 
larger sample sizes are warranted to validate 
our results. 
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