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Abstract
Introduction: Studies have demonstrated leptin involvement in the physiol-
ogy and pathophysiology of pregnancy and suggest that leptin may be a prog-
nostic marker for some complications of pregnancy although the association 
remains unclear. Current studies on leptin concentrations during normal preg-
nancy lack reference intervals for leptin which could be used for interpreting 
the differences in leptin levels found in normal and pathological pregnancies.
Objective: To examine leptin concentrations in maternal serum in the third 
trimester of normal pregnancy and in cord blood and to establish reference 
intervals for leptin.
Material and methods: The study was performed in 194 normal pregnant 
women. Leptin concentrations in maternal sera and in cord blood were mea-
sured by ELISA and subsequently analysed by gestational age (weeks), mater-
nal Body Mass Index (BMI), mode of delivery and neonatal gender and birth 
weight. 
Results: In normal pregnant women, the mean serum leptin concentration 
measured at delivery was 37.17 ± 28.07 ng/mL and the established refer-
ence interval was 33.19–41.14 ng/mL. The mean leptin concentration in cord 
blood was 14.78 ± 15.97 ng/mL and the established reference interval was 
12.32–17.67 ng/mL. There was a  statistically significant positive correlation 
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Introduction
Leptin is an anorexigenic polypeptide hormone con-
taining 167 amino acids, with a molecular weight of 
16.7 kDa [1]. It was discovered and first described 
in 1994 by Zhang et al. as the product of Ob (obe-
sity) gene [2]. Leptin is produced primarily by sub-
cutaneous adipose tissue, but also by the hypophy-
sis, stomach, skeletal muscle, vascular endothelium, 
brown adipose tissue, brain and placenta [3–5]. 
Leptin is a  pleiotropic hormone regulating several 
metabolic pathways. It is involved in metabolism 
and nutrition as well as in immune and endocrine 
processes [3,6,7]. Blood leptin concentrations are 
influenced by age, gender and levels of other hor-
mones in the body [8,9]. The production of leptin 
and its blood concentrations increase in direct pro-
portion to the amount of subcutaneous adipose tis-
sue as confirmed by numerous studies demonstrat-
ing a strong association between serum leptin and 
Body Mass Index (BMI). Leptin levels are higher in 
obese individuals than in people with normal body 
weight [10,11]. Serum levels of leptin in women are 
at their highest during pregnancy [12,13] as a result 
of increasing body weight and the effect of the pla-
centa and the developing fetus on the production 
of leptin. Serum levels of leptin increase steadily 

across pregnancy reaching a peak at approximately 
28 weeks to fall dramatically to the pre-pregnancy 
values within 24 hours postpartum [14,15]. Accord-
ing to some authors, leptin is involved in the regula-
tion of prenatal hematopoiesis and in brain develop-
ment [16]. High leptin concentrations found in cord 
blood during childbirth and in neonatal capillary 
blood soon after birth correlated with birthweight 
[17]. It has been observed that leptin concentrations 
are higher in maternal serum than in cord blood 
due to placental involvement in the metabolism and 
production of leptin [18,19]. Studies have demon-
strated that adequate leptin production is necessary 
for maintaining a  normal pregnancy and proper 
development of the embryo and fetus [20–22]. It 
remains to be elucidated, however, whether leptin 
levels can be used as a  predictor of complications 
of pregnancy. Published studies report changes in 
serum leptin levels during pregnancy but they lack 
clearly defined leptin values in normal pregnancy. 
It may expected that determining leptin concentra-
tion ranges in the sera of women identified as hav-
ing a  normal pregnancy and in cord blood could 
help to establish the reference intervals for leptin in 
the third trimester to be used in clinical practice for 
interpreting the differences in leptin concentrations 
observed in normal and pathological pregnancies.

between maternal serum and cord blood leptin concentrations (r= 0.037; 
p=0.00). Mean leptin concentrations in cord blood increased with gestational 
age (p=0.00). No statistically significant differences in maternal serum and cord 
blood leptin concentrations were found in regard to mode of delivery and neo-
natal gender. A statistically significant correlation was found between maternal 
serum leptin and third-trimester BMI (r=0.22; p=0.00), but there was no asso-
ciation between maternal BMI and cord blood leptin concentration. There was 
a statistically significant positive correlation between cord blood leptin concen-
tration and birth weight (r=0.23; p=0.00).
Conclusions: Reference intervals for leptin in maternal serum and in cord blood 
established in normal pregnancy could be used in clinical practice for interpret-
ing the differences in leptin concentrations found in normal pregnancy and in 
complications of pregnancy. The results indicate a strong association between 
maternal serum leptin levels and obesity and between cord blood leptin levels 
and birth weight.
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Material and methods
A  total of 194 full-term pregnant women were in-
cluded in the study. They were identified as having 
a normal pregnancy and admitted for delivery to two 
hospitals in Warsaw, Poland, St. Sophia Hospital and 
the Transfiguration Hospital, in the period between 
January 2015 and June 2017.

The inclusion criteria were: age ≥18 years, third 
trimester of a  singleton pregnancy identified as nor-
mal, subject’s consent for blood collection at delivery 
(samples of maternal venous blood and neonate’s cord 
blood) for subsequent measurement of leptin levels. 

The clinical material used in the study consisted of 
two independent sets of blood samples: maternal se-
rum assessed for leptin expressed by the placenta and 
cord blood assessed for leptin expressed by the fetal 
tissues. Maternal blood samples (9 mL) were col-
lected from an antecubital before delivery and fetal 
blood samples (9 mL) were collected from the umbil-
ical vein immediately after delivery. After collection 
and centrifugation of full blood, sera were stored at 
-80°C until leptin measurement. Measurements were 
performed by the immunoenzymatic test ELISA us-
ing commercial kits (R&R System Bio-Techne).

Statistical analysis was carried out using STATIS-
TICA PL (StatSoft, Poland). Descriptive statistics 
were used  to present descriptions of quantitative 
variables. For comparative analyses of normally dis-
tributed variables, parametric tests were used such 
as the Student t-test to test the assumption of homo-
geneity or non-homogeneity of variance and a One-
Way ANOVA when more than two groups were com-
pared. When the variables were not normally distrib-
uted, the non-parametric Mann-Whitney test was 

used. The Pearson linear correlation coefficient was 
calculated to assess the correlation between normally 
distributed variables (p<0.05). 

The reference intervals for leptin were obtained 
according to the Clinical and Laboratory Standards 
Institute (CLSI) guidelines by referring to the central 
95% of laboratory test values [23]. The study was ap-
proved by the Bioethics Committee at the Medical 
University of Warsaw. 

Results
The mean age of study subjects was 30.0 ± 5.2 years 
(range: 18–44); the mean third-trimester  BMI was 
28.2 and the mean gestation at delivery 38.9 weeks. 
The mean birth weight was 3354 g and birth length 
54 cm (Table 1).

The mean maternal serum leptin concentration was 
37.17 ± 28.07  ng/mL (range 0.25 ng/mL – 121.2 ng/
mL) and the established reference interval was 33.19 
ng/mL – 41.14 ng/mL. The mean cord blood leptin 
concentration was 14.78  ± 15.97 ng/mL (range 0.37 
ng/mL – 97.8 ng/mL) and the established reference 
interval was 12.63 ng/mL – 17.67 ng/mL (Table 2).

The mean concentration of leptin was by 60% low-
er in cord blood than in maternal blood, the differ-
ence being statistically significant at p = 0.00.

The lowest mean maternal serum leptin concentra-
tion at delivery was measured at 38 weeks gestation 
and the highest at 37 weeks. Mean cord blood con-
centrations tended to increase with gestational age at 
delivery. At 40 weeks, the mean concentration was by 
8.42 ng/mL higher than that measured  at 37 weeks 
(Fig. 1) and the difference was statistically significant.

Table 1. 
Study group characteristics

Mean Min Max 25th 
quartile

75th 
quartile SD

Maternal age 30.0 18.0 44.0 26.0 34.0 5.2

Third-trimester BMI 28.1 17.5 40.2 25.2 30.7 4.1

Gestation at delivery (weeks) 38.9 37.0 40.0 38.0 40.0 1.1

Birth weight (g) 3454.3 1480.0 5030.0 3190.0 3780.0 503.9

Birth length (cm) 54.9 44.0 62.0 54.0 57.0 2.7
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No statistically significant differences in maternal 
serum and cord blood leptin concentrations associ-
ated with neonatal gender or mode of delivery were 
found (Table 3). Leptin concentrations in maternal 
serum were strongly associated with third-trimester 
BMI, especially BMI>29. Maternal BMI, however, 
had no effect on cord blood leptin.

A  statistically significant positive correlation was 
found between maternal serum leptin concentra-
tions and cord blood leptin concentrations (r = 0.37; 
p = 0.00). This association was stronger in male neo-
nates (r = 0.44); p = 0.02) than in female neonates 
(r = 0.24; p = 0.02).

The correlation between serum leptin concentra-
tion and cord blood concentration was weaker in 
women who had vaginal delivery (r = 0.35; p = 0.00) 
than in those who delivered by Cesarean section (r = 

0.43; p = 0.00), but in both cases the correlation was 
statistically significant (Fig. 2).

Leptin concentrations were assessed in respect to 
birth weight and no statistically significant correla-
tion was found between maternal serum leptin con-
centration and neonatal birth weight.

However, there was a statistically significant posi-
tive correlation between cord blood leptin concentra-
tion and neonatal birth weight (r = 0.23; p = 0.00) 
(Fig. 3). This correlation was significant with non-op-
erative vaginal deliveries (r = 0.21; p = 0.02), but not 
with deliveries by Cesarean section  (r=0,22; p=0,08). 
The correlation between cord blood leptin concentra-
tion and neonatal birth weight was stronger in female 
neonates (r = 0.25; p = 0.02) than in male neonates 
(r = 0.21; p = 0.04) but both correlations were statisti-
cally significant. 

Table 2. 
Reference values for leptin concentrations in maternal serum and in cord blood

Leptin concentration N Mean CI 
-95%

CI  
95% Min Max

Lo-
wer 
quar-
tile

Up-
per 
quar-
tile

SD

Maternal serum (ng/mL) 194 37.17 33.19 41.14 0.25 121.2 14.80 55.27 28.07

Cord blood (ng/mL) 194 14.78 12.52 17.04 0.37 97.8 4.98 18.35 15.97
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Fig. 1. 
Cord blood leptin concentrations by gestational age (week)
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Table 3. 
Maternal serum leptin and cord blood leptin by neonatal gender, mode of delivery, gestational age at delivery and third-
trimester BMI

N Maternal serum leptin  
(ng/mL) Cord blood leptin (ng/mL)

Mean SD p  
value Mean SD p  

value
Neonatal gender

Female 94 34.28 25.31 13.38 10.82

Male 100 39.89 30.31 0.16 16.10 19.58 0.24

Mode of delivery

Vaginal, non-operative 129 37.83 28.04 15.48 15.29

Cesarean section 65 35.86 28.30 0.65 13.38 17.26 0.39

Gestation at delivery (weeks)

37 28 44.61 34.64 9.37 19.01
38 36 31.06 25.63 9.98 7.49
39 62 34.53 25.76 17.40 22.57

40 68 39.75 27.96 0.19 17.79 15.39 0.02

Third-trimester BMI 

<25 43 32.41 30.19 13.70 16.22

<25-29> 77 32.74 25.54 15.31 17.45

>29 74 44.54 28.12 0.02 14.86 14.30 0.87
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Fig. 2. 
Correlation between maternal serum leptin concentration and cord blood leptin concentration
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A  statistically significant correlation was found 
between maternal serum leptin concentration and 
third-trimester BMI (r = 0.22; p = 0.00), but not be-
tween cord blood leptin concentration and third-tri-
mester BMI (Fig. 4).

Discussion
We determined mean maternal blood leptin concen-
trations in the third trimester of a normal pregnancy. 

The highest leptin level was found at 38 weeks ges-
tation and the lowest at 37 weeks. Published studies 
have attributed elevated leptin levels during pregnan-
cy to substantial increases in the amount of adipose 
tissue [2]. The results of our study confirm a correla-
tion between maternal blood leptin and BMI. Other 
authors believe that increased leptin concentrations 
in maternal blood are due to the placental produc-
tion of leptin as documented by assessment of ma-
ternal leptin levels during pregnancy and postpar-
tum. Leptin concentrations rise as early as the first 
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Fig. 3. 
Correlation between cord blood leptin concentration and birth weight

Fig. 4. 
Correlation between maternal serum leptin concentration and third-trimester BMI
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trimester, when the increase in the amount of adipose 
tissue is not dramatic and fall to the pre-pregnancy 
values within 24 hours after delivery [14]. With the 
two sources of leptin, i.e. adipose tissue and the pla-
centa, leptin concentrations are higher in maternal 
blood than in cord blood as confirmed by Sagawa et 
al. [24]. Laml et al. also observed the difference but in 
their study it was not significant. They hypothesized 
that leptin, a 16-kDa protein cannot cross the placen-
ta [25]. In our the study, the mean cord blood leptin 
concentration was nearly twice as low as the mean 
concentration in maternal serum. We demonstrated 
a statistically significant positive correlation between 
the mean maternal serum leptin concentrations in 
all weeks of gestation at delivery and umbilical cord 
leptin which may be associated with placental growth 
during pregnancy. Marino-Ortega et al. observed 
a  similar correlation [26]. We did not find any dif-
ferences in leptin levels, both maternal and neonatal, 
associated with mode of delivery.  The available liter-
ature data are not consistent. Yoshimitsu et al. found 
statistically higher cord blood leptin concentrations 
in neonates born by vaginal delivery [27]. The dif-
ferences were accounted for by augmented synthesis 
and release of leptin due to decreased oxygenation 
of blood during vaginal delivery with activation of 
the sympathetic system and the resulting increase in 
cortisol synthesis which stimulates leptin release. The 
above results were not confirmed by other authors, 
including a study in women with gestational diabetes 
but otherwise normal pregnancy [28]. A number of 
studies have shown that leptin levels are higher  in 
women who have more subcutaneous adipose tissue 
than men while estrogen stimulates leptin release by 
adipocytes and acts on the hypothalamus increasing 
its leptin sensitivity [24,29]. We did not observe any 
significant differences in leptin concentrations in ei-
ther maternal serum or cord blood associated with 
neonatal gender. When neonatal birth weights and 
other anthropometric measurements were similar, 
there were no apparent differences in leptin concen-
trations between genders.  Some authors have ob-
served higher cord blood leptin concentrations in 
female neonates and although the cause has not been 
convincingly explained, estrogen has been implicated 
as possibly increasing leptin levels in female infants 

[30–32]. These inconsistent findings may result from 
studies based a  single leptin measurement with no 
measurements of other hormones involved in the reg-
ulation of leptin levels. We also assessed leptin levels 
in relation to neonatal birth weight and found no sta-
tistically significant association with maternal serum 
leptin which confirms the results obtained by other 
authors [19,33,34]. However, there was a statistically 
significant correlation between cord blood leptin and 
neonatal birth weight. This finding is confirmed by 
other authors who underlie the role of leptin in the 
regulation of appetite and metabolism, which may 
also lead to changes in body weight in the first days 
after birth and suggest that leptin could be a marker 
of nutritional status [28,35–40]. A significant corre-
lation was found between maternal BMI and mater-
nal serum leptin concentration, but not cord blood 
leptin. Marino-Ortega et al. reported similar findings 
of a strong association of maternal leptin blood lev-
els with weight gain during pregnancy [26]. Shroff et 
al. showed a moderate correlation between maternal 
leptin levels and BMI [41]. These inconsistent ob-
servations in pregnant women may suggest that the 
association between maternal BMI and leptin levels 
is not obvious and other factors or complications of 
pregnancy may affect leptin levels. Further studies are 
needed to elucidate leptin involvement in some com-
plications of pregnancy and to evaluate potential uses 
of leptin measurements as a predictor of pathological 
pregnancy. First, a  reference interval should be ob-
tained for leptin levels in normal pregnancy, followed 
by establishing week-by-week reference intervals in 
pregnancies identified as pathological. Comparison 
of these sets of leptin values would be helpful in cor-
rect assessment of leptin measurements in pregnancy 
and could potentially lead to better understanding of 
the role of leptin in the pathomechanism(s) of some 
disorders of pregnancy or even to the use of serum 
leptin as a biomarker for such disorders.

Conclusions

1. The study established the reference intervals 
for leptin concentrations in maternal serum 
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and cord blood in the third trimester of normal 
pregnancy, according to the Clinical and Labo-
ratory Standards Institute (CLSI) guidelines.

2. The reference intervals for leptin concentra-
tions in maternal serum and in cord blood 
could be potentially used in clinical practice 
to assess leptin measurements as suggestive of 
either normal or pathological pregnancy.

3. Mean third-trimester cord blood leptin con-
centrations increase with gestational age at 
birth.

4. There is no association between maternal se-
rum leptin or cord blood leptin concentrations 
and neonatal gender or mode of delivery.

5. There is a  strong correlation between third-
trimester BMI and maternal serum leptin 
concentration.
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