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ABSTRACT 

Objective: We hypothesized that preeclamptic women 
with intrauterine growth restriction (IUGR) would 
have lower concentrations of leptin compared to wo- 
men with normal fetal growth. Methods: A cross- 
sectional study was performed in 20 cases of IUGR 
and 20 normal fetuses born to women diagnosed with 
preeclampsia. Blood samples were collected from 
mothers at term gestation and with fetal birth weight 
less than 2500 grams would categorized as IUGR. The 
subjects were recruited by consecutive sampling con- 
ducted in Hasan Sadikin Hospital and several net- 
work hospitals during the period of September-No- 
vember 2012. Results: A significant difference (p = 
0.015) in maternal serum leptin levels was found be- 
tween IUGR (22.1 ng/ml) and normal fetuses (36.5 
ng/ml). Serum levels of leptin in preeclamptic women 
with IUGR were lower than normal fetuses. Spear- 
man correlation test between maternal serum leptin 
levels and birth weight in IUGR did not demonstrate 
a significant correlation, with r = −0.321 (p = 0.168). 
Conclusion: The maternal leptin concentrations in 
IUGR are lower than the normal fetus in preeclampsia 
cases, but there was not enough evidence to support 
that leptin is associated with birth weight in IUGR. 
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1. INTRODUCTION 

Intrauterine growth restriction (IUGR) is associated with 
perinatal mortality and morbidity. The most widely used 
definition of IUGR is a fetus whose estimated weight is 

below the 10th percentile for its gestational age. At term, 
the cutoff birth weight for IUGR is 2500 g [1]. The pre- 
valence of IUGR in the world is 6 times higher in de- 
veloping countries, 75% of which are located in Asia [2]. 
In Indonesia, the average prevalence from 4 centers of 
Maternal-Fetal Medicine during the period from 2004 to 
2005 was 4.4%, with the highest prevalence (6.44%) re- 
ported in Sardjito Yogyakarta Hospital [3]  

Leptin is a 167-amino acid protein, the product of the 
obese (ob) gene, mainly produced by fat cells [4]. Leptin is 
a peptide hormone regulating the energy homeostasis, re- 
productive function and immunologic reaction, and pro- 
duced in the adipose tissue of non-pregnant women. Dur- 
ing pregnancy, it is produced primarily by placental tro- 
phoblast cells and 95% is present in the maternal circu- 
lation [5,6]. 

Leptin concentration increases significantly in early 
pregnancy and reached 30% higher at 12 weeks of ges- 
tation compared with pregravid [6]. The relationship be- 
tween maternal leptin levels and the fetal growth is not yet 
determined; whereas, fetal leptin concentrations represent 
the fetal adiposity. Abnormal increases in serum leptin pro- 
duction by the placenta during pregnancy illustrate the 
response to hypoxia due to ischemia placental trophoblast 
as observed in preeclampsia [6,7]. 

This situation is similar to that occurring in IUGR, 
where increased leptin is suggested to promote the mobili- 
zation fat reserves to improve the availability and support 
the transplacental transfer of lipid substrate and angio- 
genesis; leptin has the ability to enhance the transport of 
amino acids in the placenta [8,9]. Increased availability of 
nutrients is consistent with the observation that despite the 
decrease in placental perfusion, only one-third of neonates 
born from preeclamptic women have IUGR. In other words, 
preeclampsia is associated with the signal of fetus-placenta 
to increase the availability of nutrients and leptin produc- 
tion is the appropriate solution [10]. Recent studies regard- 
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ing maternal leptin levels and fetal weight showed incon- 
sistent results; leptin is associated with maternal morbid- 
ities, body mass index (BMI), smoking habits, as well as 
other complications [11-13]. This study aimed to determine 
the role of leptin in the growth of fetuses in mothers with 
preeclampsia. We evaluated maternal serum leptin in two 
groups: preeclampsia with and without IUGR. 

2. SUBJECTS AND METHOD 

The study is an observational analytic study with cross 
sectional method to compare the differences of maternal 
serum leptin levels in fetuses with normal growth and 
IUGR in preeclampsia, as well as to measure the mag- 
nitude of correlation of maternal serum leptin levels 
with fetal birth weight in preeclampsia. The study was 
conducted at the Department of Obstetrics and Gyne- 
cology RSHS Bandung and several network hospitals in 
West Java (Ujung Berung Hospital, Soreang Hospital, 
Astana Anyar Hospital, and Cibabat Hospital) between 
September-November 2012. It has received ethical ap- 
proval from the Faculty of Medicine, University of Pa- 
djadjaran Bandung.  

Subjects are pregnant women with single live fetus, 
who was diagnosed with preeclampsia (systolic blood 
pressure > 140 mmHg or diastolic blood pressure > 90 
mmHg and the urine protein + or more), gestational age 
limit 37 - 42 wks, had a normal BMI before pregnancy, 
did not have any co-morbidities such as heart failure, 
pulmonary tuberculosis, systemic lupus erythematous 
and diabetes mellitus, had no history of smoking before 
or during pregnancy and there were no birth defects in 
the fetus. Clinical characteristics of participating preg- 
nant women are presented in Table 1. 

Maternal blood samples (approximately 5 cc) were 
taken during labor, inserted into a sterile tube, centri- 
fuged at 3000 rpm for 15 min, and then frozen at −20 Co. 
Leptin measurement was performed using Elisa reagent 
kit from R & D system. Intra-assay and inter-assay pre- 
cisions for leptin measurement are 3.8% and 5%, respec- 
tively. All infants born were recorded; infants born at less 
than 2500 grams were assigned into IUGR group and 
those at more than 2500 grams were allocated into normal 
fetuses group, resulting in 20 samples for each group. 
Maternal data including parity, age, systolic and diastolic 
blood pressure, proteinuria and maternal BMI before 
pregnancy was obtained from patient records antenatal 
visit and BMI at the time. 

Statistical analysis: the data was analyzed using SPSS 
for Windows version 18.0. This study used a nonpara- 
metric method after the data obtained did not show a 
normal distribution. Analysis of the differences was per- 
formed using the Mann-Whitney test and correlation for 
further assessment using the Spearman rank test. 

Table 1. Characteristics of pregnant women with IUGR and 
normal fetus. 

Characteristics IUGR Normal fetus p value 

1) Age    

<20 2 4 0.255 

20 - 29 6 3  

30 - 39 
40+ 

10 
2 

13 
- 

 

Mean 30.55 (±6.84) 28.90 (±6.85) 0.451 

Range 16 - 41 15 - 38  

2) Parity    

0 6 10 0.389 

1 - 3 11 7  

4+ 3 3  

3) Mean Body Mass Index
(BMI) 

   

Before Pregnancy 22.03 (±2.4) 22.80 (±2.71) 0.351 

During Pregnancy 27.03 (±3.08) 28.20 (±3.44) 0.266 

4) Blood Pressure    

Systolic (mmHg) 172.0 (±17.6) 110 (±12.9) 0.128 

Diastolic (mmHg) 110 (±12.9) 103.5 (±7.45) 0.061 

5) Mean Birth Weight 
Interval 

2085 (±300.9) 
1650 - 2450 

3047 (±367.13)
2500 - 3900 

0.010* 

*Significant (p < 0.05). 

3. RESULT 

There was no statistically significant differences in the 
characteristics between the subjects in IUGR and nor- 
mal fetal growth groups (n = 20 in each group) who met 
the inclusion criteria in Hasan Sadikin Hospital and 
network hospitals, including for maternal age (p = 
0.255), parity (0.389) and BMI before pregnancy (p = 
0.351) and during pregnancy (p = 0.266).  

Table 1 shows the comparison of characteristics of 
infant birth weight between the IUGR fetuses and 
normal fetuses. The average birth weight for the infants 
with IUGR and normal fetuses were 2085 (SD ± 300.9) 
and 3047 (SD ± 367.13), respectively. We did find that 
systolic and diastolic blood pressure in IUGR group 
was not significantly different with normal fetus group. 
Table 2 shows that the average leptin level of IUGR 
group (22.9 ± 16.8 ng/ml) was lower than normal 
fetuses group (36.21 ± 17.0 ng/ml). The median leptin 
level of IUGR and normal fetuses were 16.09 ng/ml and 
34.43 ng/ml, respectively. The Mann-Whitney test 
showed a statistically significant difference (p = 0.015) 
between the leptin concentrations in IUGR and normal 
fetuses. Table 3 shows the results of the statistical test  
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Table 2. The maternal serum leptin levels normal fetus and 
IUGR. 

Group 

IUGR Normal 
Leptin Levels 

(Ng/ml) 

(N = 20) (N = 20) 

p value 

Mean (±SD) 
Interval 

22.9 (16.8) 
3.37 to 67.08 

36.21 (17.0) 
9.7 to 77.05 

0.015* 

*Significant (p < 0.05). 

 
Table 3. Correlation between leptin levels and birth weight 
infants. 

Correlation of variables r p value 

Leptin Levels with Birth Weight Infants −0.321 0.168 

 
with Spearman correlation test at the 95% confidence 
level indicates that there is no significant correlation 
between leptin levels with birth weight infant (r = 
−0.321; p = 0.168).  

4. DISCUSSION 

The result of this study showed that leptin levels in 
normal growth fetuses at term gestational age was 36.21 
(SD ± 17.0) with a mean fetal weight of 3047 grams. 
These results are consistent with previous researches that 
showed that the levels of leptin in maternal preeclampsia 
was 35.8 (SD ± 22.0) with mean birth weight of 3150 
grams [14]. Other previous studies showed various re- 
sults of maternal plasma leptin levels in preeclamptic 
pregnancy at term, with the mean of 45.6 (32.4 to 60.4) 
ng/mL [6]; 47.8 ± 6.9 ng/mL [15], and 27.13 (14.4 to 
49.5) ng/mL [16].  

The values of leptin levels found in our study [22.9 
(SD ± 6.8)] is lower than in a previous research. They 
found a higher mean maternal leptin levels in preeclam- 
psia with IUGR at 26.5 (SD ± 3.8) ng/mL, with the 
average BMI of 30.3 kg/m2 (obese category) during the 
third trimester, which is a higher BMI compared the 
index in our study, 27.3 kg/m2 (during pregnancy) and 
22.03 kg/m2 (pre-pregnancy) [17].  

The pre-pregnancy BMI has an effect on maternal 
leptin levels and its effect seems to be weaker during 
pregnancy. In the non-pregnant state, the level of leptin 
produced by adipose tissue is directly related to BMI and 
the leptin level is increased in women with insulin resis- 
tance. Leptin clinically represents the adipose reserves in 
the human body [18-20]. Levels of leptin in pregnancy 
are lower on women with normal BMI than on women 
with overweight or obese [21]. In the current study, the 
influence of BMI on leptin level had reduced, because 
BMI between sample was similar. 

A prospective study showed that lower leptin levels in 
the early trimester poses a higher risk of fetal weight 
growth failure and having a smaller fetus [22]. Another 
research reported that mothers of small for gestational 
age (SGA) infants had lower leptin level than the mo- 
thers of infants with appropriate weight-for-gestational 
age infants [10,11]. Lower leptin levels in IUGR sug- 
gests the possibility of leptin expression failure in the 
placenta as the response to hypoxia that should spur the 
production of leptin to improve the lack of uteroplacental 
perfusion. Placental leptin expression and growth factors 
level were lower in small for gestational age infant 
compared to normal infants [10]. We speculate that low 
leptin levels would lead to the impairment of the com- 
pensation mechanism to increase nutrients transfer in the 
placenta which would result in restricted fetal growth. 
The effects of leptin on growth and development in the 
fetus, may be cell- and tissue-specific rather than on gen- 
eral body growth and size [9].  

Conflicting results have been reported from leptin 
studies that compare pregnancies with IUGR and preg- 
nancies with normal fetal growth. Some studies showed 
no significant differences in leptin levels between the 
two groups [15,23,24]. Several studies reported that mo- 
thers of a SGA infants had higher leptin levels compared 
mothers of normal birth weight infants [12,17,25,26]. It 
may be explained by the notion that leptin levels were 
higher in mothers with preeclamptic SGA infants com- 
pared to normal infants, due to the occurrence of chronic 
hypoxia that causes the disorder to affect the nutrition 
and eventually results in IUGR. Placental hypoperfusion 
causes local hypoxia, which triggers increased produc- 
tion of leptin by the placenta [25,26]. However, worsen- 
ing of placental function sometimes advances rapidly in 
preeclamptic women accompanied with elevated blood 
pressure. In that condition, increased placental leptin 
production may take place, while fetal growth restriction 
may not become apparent in a short duration. Otherwise 
in women with slowly progressing disease, maternal 
plasma leptin levels may not increase so highly in spite 
of more apparent restriction in fetal growth [25]. 

Relations between leptin levels and birth weight were 
reported in Nezar’s studies, which suggested that leptin 
level is negatively correlated with fetal weight [17]. 
However, in our study found no significant correlation 
between maternal leptin levels and birth weight as shown 
in Table 3. Factors that influence these results include 
differences in the number and characteristics of the sam- 
ple, the sample selection criteria in full-term pregnanc- 
ies; different BMI. The limitation in our study was abil- 
ity to confirm that the restricted growth by serial ultra- 
sound diagnosis was not available. 

Based on the results of this study we concluded that 
the levels of leptin of preeclamptic women with IUGR 
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fetuses is lower than those with normal fetuses; thus, it 
can be used as a complement to indicate fetal growth, 
although a direct correlation between leptin and fetal 
growth still has not been proven unequivocally. Further 
research, especially serial examinations of leptin with 
serial biophysical fetal during pregnancy, would be a 
substantial additional information in the pathogenesis of 
fetal growth. 
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