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Abstract: The aim of this study was to investigate if anthropometric parameters are associated with both leptin and 
soluble leptin receptor (sLEPR) levels in newborns and their mothers. This cross-sectional study was performed in 
118 mother-newborn pairs. The venous blood sample of mothers was taken before delivery and immediately after 
delivery an umbilical cord blood sample was collected. Levels of leptin and sLEPR in maternal and umbilical cord 
sera were assessed by ELISA. Maternal serum concentration of leptin and sLEPR (6.2 and 25.7 ng/ml, respectively) 
were higher than in umbilical cord blood (2.4 and 14.2 ng/ml, respectively). However, the newborns and their moth-
ers had higher sLEPR levels than leptin levels. In mothers was observed that leptin levels increase with weight 
gain in pregnancy and decreased sLEPR levels. Cord leptin levels correlated with neonatal birth weight and length, 
the body circumferences, placental weight and maternal leptin levels. Cord sLEPR levels correlated with maternal 
sLEPR and leptin levels. Maternal serum concentration of leptin correlated with pre-pregnancy BMI, weight gain, 
cord sLEPR and leptin levels. Maternal sLEPR concentration correlated with cord sLEPR levels. The leptin and sLEPR 
levels in mother-newborn pairs are related with anthropometric parameters and an inverse correlation between 
leptin levels and sLEPR was observed in pairs.
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Introduction

It has been strongly suggested that the influ-
ence of maternal weight determines the rela-
tionship of birth weight in the newborn and the 
subsequent BMI, which it is in relation to the 
increased supply of energy substrates in the 
binomial. Maternal overnutrition negatively in- 
fluences body composition of the fetus and pre-
disposes to the development of obesity-related 
complications [1]. There is evidence suggesting 
that cytokines produced by the maternal endo-
metrium and the developing embryo play an 
important role in this signaling process. Alth- 
ough numerous cytokine-receptor pairs are ex- 
pressed by the maternal endometrium and the 
embryo during implantation, their temporal pat-
tern of expression is still poorly understood [2]. 
Several cytokines and growth factors are kno- 
wn to influence the migration, proliferation and 

invasion of the trophoblast [3, 4]. Leptin has 
been suggested to be involved in other func-
tions during pregnancy, due to high concentra-
tions produced by the placenta [5].

Leptin is the hormone product of the LEP gene 
and was originally considered as an adipocyte-
derived signaling molecule to participate in mo- 
dulating satiety and energy homeostasis [6, 7]. 
Actually, the pleiotropic effects of the hormo- 
ne have been identified; leptin is involved on 
modulation of several processes such as ther-
mogenesis, homeostasis, angiogenesis, hema-
topoiesis, osteogenesis, chondrogenesis, neu-
roendocrine, and immune functions, as well as 
arterial pressure control [8, 9]. Leptin exerts its 
function through a specific receptor that is ex- 
pressed in isoforms by alternatively spliced and 
differ by the relative lengths of their cytoplas-
mic regions. Within its receptor are included a 
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long form (bLEPR) that predominates in the 
hypothalamus and a soluble isoform (sLEPR, 
circulating leptin receptor) generated by the 
proteolytic cleavage of membrane-bound rece- 
ptors [10].

It has been proposed that leptin in pregnancy 
include the regulation of fetal growth and im- 
munomodulation, as well as mobilization of the 
maternal fat. According to placental perfusion 
studies, 98.4% of placental leptin is released 
into the maternal circulation, as well, total and 
free leptin concentrations are higher in mater-
nal blood during pregnancy and further elevat-
ed in pre-eclampsia. Therefore, leptin could be 
one of the fetal-placental signals altering ma- 
ternal metabolism to benefit the fetus by mobi-
lizing nutrients [11].

Several studies have demonstrated a strong 
positive correlation between the serum leptin 
concentration and amount of body fat [12, 13]. 
On the other hand, the physiological role of 
leptin in fetal growth has not been well clarified. 
Reports have demonstrated that leptin levels 
correlate highly with body mass index in obese 
children and rise just before the onset of puber-
ty [14]. The aim of this study was to investigate 
if anthropometric parameters are associated 

with both leptin and sLEPR levels in newborns 
and their mothers.

Materials and methods

Participants 

We recruited 118 mother-newborn pairs from 
the Hospital “La Madre y el Niño Guerrerense”, 
from Chilpancingo City in the state of Guerrero, 
Mexico. The present study was conducted be- 
tween January 2013 and March 2014. The 
study was performed in accordance with the 
Declaration of Helsinki. All included mothers 
provided signed informed consent before en- 
rollment. The Ethics Committee of the Hospital 
“La Madre y el Niño Guerrerense” approved the 
study protocol. Mothers with pre-eclampsia, hy- 
pertension, or diabetes were excluded. Full te- 
rm neonates were born after uncomplicated 
pregnancies and were otherwise healthy.

Clinic and anthropometric measurements

The clinical characteristics of the mothers were 
taken by a trained nurse using standard meth-
ods. The weight was measured with a mecha- 
nical column, bascule SECA 709 model. To de- 
termine height was used vertical stadiometer 
SECA model 206, and body circumferences 
were measured using an anthropometric tape. 
The blood pressure was determined with an 
automated sphygmomanometer OMRON 712C. 
We calculated the pre-pregnancy body mass in- 
dex, according to World Health Organization 
(WHO). The weight gain was categorized accord-
ing to the Institute of Medicine of the United 
States of America (IOM) [15]. The venous blood 
sample of mothers was taken before delivery. 
Clinical and anthropometric assessment in the 
newborn was performed by neonatologist at 
the same hospital, who determined the weight 
at birth with a mechanical bascule (SECA 745) 
and length with mechanical stadiometer for 
babies (SECA 207). With the anthropometric 
tape (SECA) were measured the head, abdomi-
nal and thoracic circumferences. According to 
the Mexican Association of Pediatrics we cate-
gorize birth weight in underweight (< 2.5 kg), 
normal-weight (2.5-3.5 kg) and overweight (> 
3.5 kg). The newborns and their placentas were 
weighed immediately after birth.

Laboratory measurements

The venous blood sample of mothers was taken 
before delivery and immediately after delivery 
an umbilical cord blood sample was collected. 

Table 1. Clinical and anthropometric charac-
teristics of the mothers
Variables Values
Age (years)* 25 (22-34)
Height (cm)† 1.53 ± 0.06
Pre-pregnancy weight (kg)* 57 (52-79)
Pre-pregnancy BMI (kg/m2)* 24 (22.3-32.5)
Perinatal weight (kg)* 67 (61-90)
Perinatal BMI (kg/m2)* 28.0 (26.2-37.4)
Weight gain (kg)* 9 (6.2-16.5)
Weight gain category n (%)
    Underweight 60 (50.4)
    Normal-weight 46 (38.7)
    Overweight 13 (10.9)
Placental weight (g)* 625 (540-875)
Hip circumference (cm)† 104.5 ± 10.3
Belly circumference (cm)* 111 (106-129)
Arm circumference (cm)* 27 (25.2-33)
SBP (mmHg)† 108.53 ± 11.34
DBP (mmHg)† 70.57 ± 9.61
The data shown are median and percentiles (25-75) for 
nonparametric variables (*), mean ± standard deviation 
for parametric variables (†) and frequency as n (%). BMI: 
Body mass index, SBP: systolic blood pressure, DBP: 
diastolic blood pressure.
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The blood sample was centrifuged at 1200 rpm 
for 10 min and the serum was stored at -70°C 

until analysis. Leptin and sLEPR serum concen-
trations were measured by a sandwich ELISA 

Table 2. Anthropometric and clinical characteristics of the newborns

Variable Total (n = 118)
Gender

P
Female (n = 61) Male (n = 57)

Gestational age (weeks)† 38.9 ± 1.3 38.9 ± 1.2 38.9 ± 1.3 0.83
Length (cm)* 51 (49-53) 51 (50-53) 50.5 (49-53) 0.19
Birthweight (kg)* 3.16 (2.9-3.3) 3.18 (2.9-3.3) 3.13 (2.9-3.3) 0.90
Birthweight category n (%) 0.58
    Underweight < 2.5 kg 3 (2.5) 2 (3.3) 1 (1.8)
    Normal-weight 2.5-3.5 kg 98 (83.1) 52 (85.3) 46 (80.7)
    Overweight > 3.5 kg 17 (14.4) 7 (11.4) 10 (17.5)
Head circumference (cm)* 34 (33-36.5) 34 (33-36.5) 34 (33-36.5) 0.50
Thoracic circumference (cm)* 33 (32-34) 33 (32-34) 33.5 (33-35) 0.04
Abdominal circumference (cm)* 30.5 (30-35) 30 (30-36) 31 (30-34.5) 0.57
Temperature (°C)* 36.5 (36.2-37.5) 36.5 (36.1-37.5) 36.7 (36.5-37.6) 0.11
The data shown are median and percentiles (25-75) for nonparametric variables (*), mean ± standard deviation for parametric 
variables (†). p values were determined by Mann-Whitney and Student’s t test, respectively.

Figure 1. Leptin and sLEPR levels 
in maternal serum and cord blood. 
(A) Leptin and sLEPR levels in neo-
nates and their mothers. (B) Cord 
blood leptin and sLEPR levels of the 
neonates by gender. (C) Serum leptin 
and sLEPR levels according to weight 
gain in the mothers. Data are pre-
sented as median and p values were 
determined by Mann Whitney (B) or 
Kruskal Wallis (C) test.
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kit (Human Leptin ELISA and Human Leptin Re- 
ceptor ELISA, BioVendor Laboratory Medicine 
Inc, Czech Republic), for these assays the de- 
tection limit was 0.2 ng/mL and 0.04 ng/mL, 
respectively.

Statistical analysis

Data analysis was performed using the statis- 
tical package STATA v.9.2. The normality of con-
tinuous variables was assessed using the Sh- 
apiro-Wilk’s test. Means and standard devia-
tions for symmetric quantitative variables were 
obtained and the comparison between groups 
using the t-Student test or one-factor ANOVA. 
For non-symmetric quantitative variables was 
obtained medians and percentiles 25 and 75 
and comparison between groups was perfor- 
med using the Mann Whitney or Kruskal Wallis 
test, were obtained absolute and relative fre-
quencies for qualitative variables and compa- 
red between study groups using the chi-square 
test statistic (X2) were determined. To evaluate 
correlations between plasma leptin concentra-
tion and other parameters, Spearman test was 
used. A value of P < 0.05 was considered sig-
nificant statistically.

Results 

Clinical and anthropometric characteristics of 
the mothers are summarized in Table 1. Median 

maternal age of 25 years old (22-34 yr), median 
pre-pregnancy BMI of 24 kg/m2 which is repre-
sentative of normal-weight before pregnancy 
and median prenatal BMI of 28 kg/m2 charac-
teristic of overweight. However, when we cate-
gorize the weight gain of women according to 
the criteria of the Institute of Medicine of the 
United States of America (IOM) found that most 
women (50.4%) had low weight gain during pre- 
gnancy and 10.9% were overweight. The wo- 
men had the blood pressure within the normal 
range.

The anthropometric and clinical characteristics 
of the newborns are shown in Table 2. The 
results show that female and male neonates 
had similar somatometric characteristics. How- 
ever, when we categorize the birthweight of ne- 
onates according to Mexican association of 
Pediatrics found that male neonates had high 
prevalence of overweight (17.5%) than female 
neonates (11.4%), although it was not signifi- 
cant.

Serum concentration of leptin and sLEPR in 
newborn-mother pairs are shown in Figure 1A. 
Maternal serum concentration of leptin and 
sLEPR (6.2 and 25.7 ng/ml, respectively) were 
higher than in umbilical cord blood (2.4 and 
14.2 ng/ml, respectively). However, the new-
borns and their mothers had higher sLEPR than 

Table 3. Correlation of leptin and sLEPR in maternal serum and cord blood with selected variables

Variable
Maternal leptin Cord leptin Maternal sLEPR Cord sLEPR
r* P r* P r* P r* P

Mothers
    Pre-pregnancy BMI 0.32 < 0.001 0.01 0.882 -0.18 0.048 0.001 0.986
    Prenatal BMI 0.34 < 0.001 0.07 0.483 -0.26 0.004 0.01 0.846
    Weight gain 0.29 < 0.001 0.12 0.197 -0.15 0.108 0.07 0.389
    Gestational age -0.14 0.119 0.11 0.231 -0.03 0.716 -0.13 0.165
    Placental weight 0.17 0.059 0.20 0.034 -0.03 0.780 0.03 0.785
    Belly circumference 0.28 0.002 -0.04 0.621 -0.11 0.218 0.09 0.314
    Leptin levels --- --- 0.21 0.026 -0.09 0.311 0.42 < 0.001
    sLEPR levels -0.09 0.332 0.11 0.248 --- --- 0.29 0.002
Newborns
    Birthweight 0.04 0.675 0.30 0.001 0.05 0.604 0.12 0.203
    Length -0.02 0.827 0.30 0.001 0.04 0.706 0.06 0.484
    Head circ. 0.21 0.024 0.15 0.114 0.13 0.162 0.23 0.019
    Thoracic circ. 0.11 0.235 0.34 < 0.001 0.07 0.434 0.13 0.160
    Abdominal circ. 0.07 0.451 0.27 0.003 0.12 0.182 0.10 0.268
    Leptin levels 0.21 0.026 --- ---- 0.11 0.236 0.14 0.121
    sLEPR levels 0.42 < 0.001 0.14 0.130 0.29 0.002 --- ---
BMI: body mass index, Head circ: head circumference, Thoracic circ: thoracic circumference, Abdominal circ: abdominal circum-
ference, sLEPR: soluble leptin receptor. *Spearman correlation coefficient.
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leptin levels. Figure 1B shows cord blood leptin 
and sLEPR levels of the neonates by gender. 
Leptin was detected in all samples. Leptin lev-
els were higher in females (3.1 ng/ml) than 
males (1.9 ng/ml) in the total sample, but there 
was no significant difference in sLEPR levels by 
gender. Serum leptin and sLEPR levels accord-
ing to weight gain in the mothers are shown in 
Figure 1C. In mothers was observed that leptin 
levels increase with weight gain in pregnancy 
and decreased sLEPR levels.

There was no significant correlation between 
the anthropometric characteristics of the mo- 
thers and cord blood leptin and sLEPR levels of 
the newborns. Cord blood leptin levels corre-
lated with neonatal birthweight and length (r = 
0.30, P = 0.001), body circumferences, placen-
tal weight (r = 0.20, P = 0.034) and maternal 
leptin levels (r = 0.21, P = 0.026). There was no 
correlation between cord blood sLEPR levels 
and anthropometric parameters of the neo-
nates, but if with maternal sLEPR and leptin 
levels (r = 0.29, P = 0.002 and r = 0.42, P < 
0.001, respectively). Maternal serum concen-
tration of leptin correlated with pre-pregnancy 
BMI (r = 0.32, P < 0.001), weight gain in preg-
nancy (r = 0.29, P < 0.001) and cord sLEPR and 
leptin levels (r = 0.42, P < 0.001 and r = 0.21, P 
= 0.026). Maternal sLEPR correlated negatively 
with pre-pregnancy BMI (r = -0.18, P = 0.048) 
and prenatal BMI (r = -0.26, P = 0.004), but it 
was correlated positively with cord sLEPR (r = 
0.29, P = 0.002) (Table 3).

Discussion

Our study showed that the main determinants 
of maternal leptin levels are body adiposity and 
weight gain during pregnancy, but an inverse 
relation between maternal sLEPR and body adi-
posity was observed. In neonates, leptin levels 
correlated with birthweight and anthropometric 
measures and sLEPR levels with maternal 
leptin and sLEPR levels.

We found that maternal serum concentration of 
leptin and sLEPR were higher than in umbilical 
cord blood. Several studies have provided evi-
dence that high leptin and sLEPR levels are 
present in maternal serum that in cord blood 
serum at birth [16-18].

Similarly, it has been reported that leptin levels 
reflect the mount of adipose tissue and during 
pregnancy, fetal leptin levels increase in paral-

lel with its development [14]. In adults, levels of 
circulating leptin are directly proportional to 
total fat mass [19] and are negatively associ-
ated with insulin sensitivity [20]. In another 
study, circulating leptin level was found to be 
proportional to adipose tissue mass, and body 
fat percentage was possibly the best adiposity-
related predictor of serum leptin concentra-
tions in human, which may be due to leptin 
resistance [21]. In the studies on the associa-
tion between leptin and indirect measures of 
adiposity, the most frequently used measures 
were body mass index (BMI) and waist circum-
ference [22].

Furthermore, the increase in the concentration 
of leptin can be attributed to the mobilization of 
nutrient sources required for fetal growth such 
as maternal adipose tissue [23]. We confirmed 
that BMI and weight gain in pregnancy are the 
main determinants of leptin levels in pregnant 
women, but not the placental weight. This cor-
relation suggests body adiposity as the main 
determinant factor for leptin levels in the mo- 
thers.

In this study, the leptin levels in umbilical cord 
blood are lower than those seen in the moth-
ers. This may be due to the increased preva-
lence in neonates of normal-weight (83.1%) 
and underweight (2.5%), therefore to less body 
fat decreases the leptin levels. Furthermore, 
cord leptin levels correlated with neonatal len- 
gth and birthweight, as well placental weight, 
and these results are consistent with another 
study that found that the fetus and placenta 
contribute to the total amount of leptin [24]. 

While it is known that the placenta secretes 
leptin, the wide majority of this (at least 95%) is 
secreted into the maternal circulation, with very 
little going into the fetal circulation, meaning 
that cord blood leptin reflects fetal fat mass, 
with less than 1% estimated to be from the pla-
centa/maternal circulation [25].

There is converging evidence that a strong cor-
relation between leptin levels and neonatal 
birth weight exists [26, 27], therefore lower le- 
ptin levels in the cord blood of our neonates 
suggest that is mostly sourced from fetal adi-
pose tissue. We found that leptin levels in cord 
blood were highest in female compared to the 
male neonates, but not cord sLEPR levels. Even 
though, there was no significant difference in 
anthropometric measures between female and 
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male newborns, therefore cannot attribute the 
difference in leptin levels to increase in weight 
or body circumferences in females. Underlying 
causes might be the differential amount of fat 
tissue by gender, the role of the variable sex 
steroid milieus of the newborn and the heavier 
placental weight associated with female gen-
der [28].

In another study, it has been reported that 
serum leptin levels are higher in female neo-
nates than males, but whether the cause of 
this difference is a suppression of leptin syn-
thesis by androgens remains unclear [29]. Me- 
llati and colleagues suggests that the estro-
gens may to increase leptin levels in female 
neonates [30]. Estrogens have been reported 
to regulate leptin expression by acting on a por-
tion of the estrogen response element in the 
leptin promoter [31]. While the estrogen and 
corticosteroids are associated with the enhan- 
cement of leptin synthesis, androgens are lin- 
ked to leptin inhibition [32]. In healthy men, tes-
tosterone concentrations were negatively cor-
related with leptin in serum [33].

We found that the sLEPR concentrations in 
cord blood and maternal serum, were signifi-
cantly highest compared to the leptin levels. 
Similar to the previous reports of sLEPR levels 
behave in an opposite fashion to leptin levels at 
birth [18], as in later stages of extrauterine life 
[34]. The function of sLEPR is not entirely clear 
but believed to delay the clearance of leptin 
from the circulation and, thus, increase leptin’s 
availability [35]. In addition, there is evidence 
suggesting that sLEPR not only alters the clear-
ance of leptin but also potentiates leptin action 
[36]. Therefore, our results suggest that, as a 
consequence of the inverse relationship bet- 
ween maternal levels of leptin and sLEPR, the 
increase in sLEPR levels may plays a role in the 
regulation of the leptin levels and its biological 
activity. Similarly, high sLEPR in cord blood may 
prevent the leptin from degradation and clear-
ance. Moreover, we found that cord sLEPR lev-
els correlated with maternal serum concentra-
tion of leptin and sLEPR, thus hormonal or 
genetic factors of their mothers can influence 
sLEPR levels in newborns.

Our study has some limitations. We relied on a 
single measure of leptin and sLEPR levels at 
delivery and we did not measure other hor-
mones that are implicated in the regulation of 

leptin levels and birthweight in the newborns. 
Taken together, our results indicate that the 
leptin and sLEPR levels in mother-newborn 
pairs are related with anthropometric parame-
ters and an inverse correlation between leptin 
levels and sLEPR was observed in pairs. 
Biological mechanisms underlying these obser-
vations need to be further elucidated.
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