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ARTICLE INFO ABSTRACT

Keywords: Background: Leptin is a polypeptide hormone that may be implicated in the pathogenesis of various disorders
Intrauterine growth restriction (IUGR) during pregnancy. We sought to determine serum leptin levels among pregnant women and their fetuses and to
Leptin investigate their association with fetal and maternal variables.

Macrosomia

Method: 452 pregnant women who attended to labor ward between January 2020 and August 2020 were
included in the study. Serum leptin concentrations were measured using enzyme-linked immunosorbent assay
method. Mann-Whitney U test and Spearman’s correlation test were used for statistical analysis. A multivariate
linear regression analysis was then performed. Significance level was considered at alpha <0.05.

Results: The median maternal and fetal serum leptin levels were 6.42 [4.16-8.51] ng/mL and 2.9 [1.03-5.36] ng/
mL respectively. There was no significant correlation between maternal and fetal serum leptin levels (p = 0.064).
Maternal serum leptin levels correlated positively with maternal body mass index (BMI) (r = 0.117, p = 0.005).
Besides, maternal serum leptin levels were significantly higher in nulliparous women (7.57 [4.45-9.30] ng/mL
vs. 6.22 [4.02-8.30] ng/mL, p = 0.037) and in women who were in active labor (6.83 [4.39-8.92] ng/mL vs.
6.25 [4.04-8.30] ng/mL, p = 0.047). Fetal serum leptin levels were significantly higher in large for gestational
age (LGA) fetuses (4.81 [2.13-7.22] ng/mL vs. 2.80 [0.96-5.16] ng/mL, p = 0.003) and in fetuses with preterm
premature ruptures of membranes (PPROM) (5.23 [2.42-8.07] ng/mL vs. 2.86 [1.00-5.23] ng/mL, p = 0.021).
Conclusion: Maternal serum leptin levels were influenced by maternal BMI, parity and labor. Fetal serum leptin
levels were higher among LGA fetuses and in fetuses with PPROM.

Premature rupture of membranes

1. Introduction

Leptin is a polypeptide hormone that plays an important role in
modulating satiety and energy homeostasis and in regulating glucose
metabolism [1,2]. Also, it is involved in the regulation of immune re-
sponses and inflammations and the control of reproductive functions
particularly embryonic development [1,3,4]. Leptin is mainly synthe-
sized and secreted by white adipose tissue [3-5]. Leptin acts mainly by
binding to specific central and peripheral receptors in the hypothala-
mus, adipose tissue, liver and pancreas [4].

Maternal serum leptin levels increase 2-3 fold during pregnancy,
particularly in the second trimester, and decline postpartum [1,2,6]. The
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role of leptin in pregnancy has not been fully elucidated but it is sug-
gested to regulate trophoblast invasion, human chorionic gonadotro-
phin, pro-inflammatory cytokines and prostaglandins production,
placental growth, amino acid uptake, and angiogenesis and mitogenesis
[2,3]. Bedsides, compelling evidence suggests a role for leptin in fetal
growth and development [1].

During pregnancy, leptin is produced in both maternal and fetal
adipose tissues and the placenta [3]. It has been proposed that 95% of
placental leptin production is secreted into maternal circulation and
only 5% is delivered to the fetal circulation [1,7]. Fetal adipose tissue is
the main source of fetal leptin and fetal leptin levels are strongly related
to birth weight and fetal adiposity [4,7]. Cord blood leptin
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concentrations are lower than maternal serum leptin concentrations
which are attributed to the role of the placenta in leptin production [6].

The research field has not yet generated enough conclusive evidence
about the role of leptin in pathological states of pregnancy. The potential
role of leptin has been suggested in various disorders during pregnancy
such as recurrent miscarriages, gestational diabetes mellitus (GDM),
intrauterine growth retardation (IUGR), and preeclampsia [1,4,5,8]. To
date, it is not known whether maternal serum leptin concentrations
could be used as a potential predictor for some complications of preg-
nancy. In the current study, we measured maternal and fetal leptin
serum levels and studied their association with maternal and fetal
characteristics, labor and some antenatal complications in an attempt to
identify variables that affect leptin level and its possible use as a marker
for maternal and/or fetal complications.

2. Material and methods
2.1. Study population

A cross-sectional study was conducted at the department of obstet-
rics and gynecology in King Abdullah University Hospital (KAUH) in
Jordan. Pregnant women with singleton live fetuses who attended to
labor ward between January 2020 and August 2020 were included in the
study. All pregnant mothers gave written informed consent for partici-
pation in the study. The study was approved by the Institutional Review
Board of the hospital (Approval no. 135/2019) and was performed in
accordance with the Code of Ethics in the Declaration of Helsinki. Data
has been reported in accordance with the Strengthening the Reporting of
Cohort Studies in Surgery (STROCSS) guidelines [9]. This study was
registered at the Research Registry as researchregistry7163.

Data were collected by registrars in labor ward. The data collected
include maternal age, parity, weight, height, body mass index (BMI), the
presence of medical illnesses, the presence of antenatal complications in
the current pregnancy, gestational age of the fetus, delivery mode,
whether the patient was in labor or not, neonatal weight, height and
gender, Apgar score at 1 and 5 min and umbilical cord arterial pH. BMI
was calculated as weight in kilograms divided by height in meters
squared. Regarding antenatal complications, small for gestational age
(SGA) was defined by birth weight below the 10th percentile for
gestational age and large for gestational age (LGA) was birth weight
greater than the 90th percentile for age. GDM was diagnosed at >24-28
weeks of gestation by 100 mg oral glucose tolerance test (OGTT) when
one or more threshold values is exceeded (fasting >5.3 mmol/l, 1-h
>10.0 mmol/], 2-h >8.6 mmol/], 3-h >7.8 mmol/]). Gestational hy-
pertension (GHTN) was defined by the new onset of hypertension (sys-
tolic blood pressure >140 mmHg and/or diastolic blood pressure >90
mmHg) at >20 weeks of gestation in the absence of proteinuria or new
signs of end-organ dysfunction.

2.2. Sample collection and analysis

452 pregnant women were included in the study. Venous blood
samples were obtained by qualified staff nurses from umbilical cord
veins of the newborns immediately after their delivery. Maternal venous
blood samples were obtained just before delivery in women who had
vaginal deliveries and right before cesarean delivery in mothers who had
elective or emergency cesareans. About 5 ml of venous blood was
collected from each participant in a serum separator tube (SST) and
samples were then centrifuged immediately. The samples were centri-
fuged for 10 min at 2000xg and the serums were then collected and
divided into aliquots and stored at —80 °C until assay. The quantitative
measurement of leptin in serum was performed by experienced
personnel in a research laboratory using an enzyme-linked immuno-
sorbent assay (ELISA) method. The assays were conducted according to
the manufacturer’s protocols (ELISA for Leptin (LEP). Product No:
SEA084Hu. Link: https://www.cloud-clone.us/elisa/ELISA-Kit-for-

Annals of Medicine and Surgery 72 (2021) 103050

Human-Leptin-LEP-2181.htm).

2.3. Statistical analysis

All analyses were conducted using the Statistical Package for Social
Science (SPSS/version 26) software. Categorical variables were pre-
sented as frequency and percentages while continuous variables were
presented as median and interquartile range (IQR). The normality of the
distribution of data was examined by the Kolmogorov-Smirnov test. The
differences between groups with regards to continuous variables were
tested with Mann-Whitney U test. Spearman’s correlation test was uti-
lized to study the relation between two continuous variables. After that,
multivariate analysis using linear regression model “Enter method” was
performed. All variables with p < 0.25 on univariate analysis were
included in the multivariate analysis. Statistical significance was set at p
< 0.05.

3. Results
3.1. Descriptive characteristics of the study group

The demographic and clinical characteristics of the study population
are summarized in Table 1. The median age of women was 31 [27-36]
years and the median body mass index was 29.9 [27.3-33.2] kg/m2. The
reported medical illnesses and antenatal complications were 48 (10.6%)
and 139 (30.8%) respectively. The most common medical problem
among pregnant women was hypothyroidism (6%) and the most com-
mon antenatal complication was SGA (10%) followed by LGA (7.3%)
and GDM (5.5%). The median gestational age of fetuses was 37.9
[37.1-38.9] weeks and the median birth weight was 3.1 [2.8-3.4] kg.

Table 1
Baseline demographic and clinical characteristics of the study group (N = 452).
Maternal Variables Median [IQR] Mean + SE
Frequency (%)

Age (Calendar year) 31 [27-36] 31.53 + 0.26
Weight on admission (kg) 77 [72-86] 79.06 + 0.57
Height (cm) 160 [158-165] 161.24 + 0.25
BMI on admission (kg/rnz) 29.91 [27.34-33.20] 30.41 + 0.21
Parity

Nulliparous 71 (15.7)

Multiparous 381 (84.3)
Reported medical illness

Hypothyroidism 27 (6.0)

Hypertension 11 (2.4)

Diabetes mellitus (type I or II) 5(1.1)

Others 5(1.1)
Reported antenatal complications

Small for gestational age 45 (10)

Large for gestational age 33(7.3)

Gestational diabetes mellitus 25 (5.5)

PPROM 13 (2.9)

PROM 11 (2.4)

Gestational hypertension 8(1.8)

Others 4(0.9)
Mode of delivery

Vaginal delivery 289 (63.9)

Cesarean section 163 (36.1)
Gender

Male 234 (51.8)

Female 218 (48.2)
Gestational age (weeks) 37.86 [37.14-38.86] 37.94 + 0.07
Fetus weight (kg) 3.1 [2.8-3.4] 3.11 £+ 0.02
Fetus height (cm) 50 [48-51] 49.81 £0.15
Apgar score at 1 min 8 [8-8] 7.98 +0.03
Apgar score at 5 min 9 [9-9] 9.04 + 0.02
Arterial blood gases (N = 279) 7.31 [7.29-7.35] 7.31 + 0.003

IQR: interquartile range, BMI: body mass index, PPROM: preterm premature
rupture of membranes.
PROM: Premature rupture of membrane.
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Apgar scores at 1 and 5 min were 8 [8-8] and 9 [9-9] respectively.
Arterial cord blood pH was tested for 279 newborns and the median was
7.31 [7.29-7.35].

During the study period, 289 (63.9%) women had vaginal deliveries
and 163 (36.1%) women had cesarean sections. The majority of cesar-
ean sections were elective and the main indication for cesarean delivery
was previous cesarean sections. 320 (70.8%) women were in established
labor (had regular uterine contraction with a minimum of 4 cm cervical
dilatation), 36 (8%) were in the latent phase (had irregular abdominal
pain/tightness with cervical dilation <2 cm) and 96 (21.2%) were not in
labor (had no uterine contractions).

3.2. Maternal leptin

The median maternal serum leptin level was 6.42 [4.16-8.51] ng/mL
(Table 2). There was no significant correlation between maternal and
fetal serum leptin levels (p = 0.064). Maternal serum leptin levels
correlated positively with maternal BMI (r = 0.117, p = 0.005). Besides,
maternal serum leptin levels were significantly higher in nulliparous
women (7.57 [4.45-9.30] ng/mL vs. 6.22 [4.02-8.30] ng/mL, p =
0.037) and in women who were in established labor (6.83 [4.39-8.92]
ng/mL vs. 6.25 [4.04-8.30] ng/mL, p = 0.047) (Tables 3 and 4). Other
variables were not shown to be significantly associated with maternal
serum leptin levels.

3.3. Fetal leptin

The median fetal serum leptin levels were 2.9 [1.03-5.36] ng/mL.
Fetal serum leptin levels were significantly higher in LGA fetuses (4.81
[2.13-7.22] ng/mL vs. 2.80 [0.96-5.16] ng/mL, p = 0.003) and in fe-
tuses with preterm premature ruptures of membranes (PPROM) (5.23
[2.42-8.07] ng/mL vs. 2.86 [1.00-5.23] ng/mL, p = 0.021) (Tables 3
and 4). Other variables were not shown to be significantly associated
with fetal serum leptin levels.

4. Discussion

This study aimed to measure fetal and maternal serum leptin levels
and to investigate their association with fetal and maternal character-
istics, antenatal complications and labor. The present study showed that
the mean maternal and fetal serum leptin levels were 6.22 + 0.13 ng/mL
and 3.46 + 0.13 ng/mL respectively. Our study agrees with existing
literature that fetal serum leptin levels were lower than those in paired
maternal plasma [1,7,10]. Also in our study, there was no correlation
between maternal and fetal serum leptin levels. The absence of corre-
lation between maternal and cord serum leptin levels was reported in
other studies and suggests a non-communicating, two-compartment
model theory of fetoplacental regulation of leptin [1,4,10].

Data in the literature suggest that placental leptin production makes
a substantial contribution to maternal circulating leptin levels during
pregnancy [7]. However, maternal leptin is also produced by maternal
adipose tissue and this is supported by the finding in our study and most
of the studies in the literature that reported a positive correlation be-
tween maternal serum leptin levels and maternal BMI [6,11-14]. On the

Table 2
Reference values for maternal and fetal serum leptin concentrations.
Leptin level Median [IQR] Mean + Maternal Fetal
SE leptin leptin
p-value®
Fetal leptin (ng/ml) 2.9 3.46 + 0.064 NA
[1.03-5.36] 0.13
Maternal leptin 6.42 6.22 + NA 0.064
(ng/ml) [4.16-8.51] 0.13

# Two-sided p-value based on univariate analysis —-Spearman’s correlation test.

Annals of Medicine and Surgery 72 (2021) 103050

Table 3
Univariate analysis - Fetal and maternal variables that are found to be signifi-
cantly associated with fetal and/or maternal serum leptin levels (N = 452).

Maternal/Fetus Variables Median [IQR]/Correlation Coefficient p-value®
Maternal leptin
Maternal BMI (kg/m?) r=0.117 0.013
Parity 0.024
Nulliparous 7.57 [4.45-9.30]
Multiparous 6.22 [4.02-8.30]
Labor 0.036
Yes 6.83 [4.39-8.92]
No 6.25 [4.04-8.30]
Fetal leptin
Maternal weight (kg) r=0.103 0.029
Maternal BMI (kg/mz) r=0.102 0.031
Fetus weight (kg) r=0.105 0.025
Large for gestational age 0.005
Yes 4.81 [2.13-7.22]
No 2.80 [0.96-5.16]
PPROM 0.021
Yes 5.23 [2.42-8.07]
No 2.86 [1.00-5.23]

BMI: body mass index, PPROM: Preterm premature rupture of membranes.
@ Two-sided p-value based on univariate analysis — Mann-Whitney test and
Spearman’s correlation test.

contrary, other studies reported no correlation between maternal serum
leptin levels and maternal BMI [4,15]. In the current study, maternal
serum leptin levels were significantly higher among nulliparous women
compared with multiparous women. Similarly, Serapio et al. reported,
among obese mothers, higher leptin levels in nulliparous women
compared with multipara (p = 0.035) [16]. Also, Hedley et al. reported a
significant negative association between maternal serum leptin levels
and parity [17].

In the current study, there were no significant differences in maternal
and fetal serum leptin levels among uncomplicated pregnancies and
pregnancies complicated by SGA, GDM, GHN or premature rupture of
membranes (PROM). Fetal, but not maternal, serum leptin levels were
significantly higher among pregnancies complicated by PPROM. To our
best knowledge, this is the first study that showed an association be-
tween fetal serum leptin levels and PPROM. The results of experimental
studies on animals have shown that inflammatory cytokines including
tumor necrosis factor-a (TNFa), interleukin-1 (IL-1) and bacterial lipo-
polysaccharide upregulate adipose tissue leptin production [18]. It
could be that the subclinical infectious background in PPROM patients
has led to an increase in leptin production in response to inflammatory
cytokines. Regarding SGA/IUGR, data in the literature suggest that the
association between maternal serum leptin levels and IUGR is contro-
versial. Some studies reported a significant increase in maternal serum
leptin levels in women with IUGR [7,15,19]. In contrast, other studies
showed that maternal serum leptin levels did not differ significantly in
IUGR compared to normal pregnancies [20,21]. Besides, other studies
reported even lower maternal serum leptin levels among women with
IUGR [22-24]. Similarly, research investigating fetal serum leptin levels
in pregnancies complicated with IUGR is contradictory, with some
studies reporting significantly lower cord leptin levels [15,21,23] in
fetuses with IUGR while others reported no changes [20]. Also, Cetin
et al. reported an increase in cord leptin concentration in severe IUGR
fetuses [25]. Concerning GDM, maternal serum leptin levels were re-
ported to be significantly elevated in pregnant women with GDM as
opposed to those with uncomplicated pregnancies [26-29]. Moreover,
abnormally high levels of maternal leptin in early pregnancy were
shown to be predictive of an increased risk for GDM later in the preg-
nancy [30]. However, Festa et showed that gestational diabetics had
lower maternal leptin levels than those of normal pregnant [31]. Fetal
serum leptin levels were demonstrated to be significantly higher among
fetuses of diabetic mothers [25,32]. However, Aghoozi et al. reported no
association between fetal serum leptin levels and GDM [33].
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Table 4

Multivariate analysis - Fetal and maternal variables that are found to be significantly associated with fetal and/or maternal serum leptin levels (N = 452).
Predictor Unstandardized Coefficients (f) Standardized Coefficients (Beta) Standard Error p-value® 95% CI
Maternal Leptin
Maternal BMI 0.085 0.133 0.030 0.005 0.026-0.144
Parity —0.758 —0.098 0.363 0.037 —1.471--0.044
Labor status 0.580 0.095 0.291 0.047 0.008-1.152
Fetal leptin
LGA 1.498 0.137 0.510 0.003 0.496-2.50
PPROM 1.837 0.108 0.793 0.021 0.278-3.40

CIL confidence interval, BMI: body mass index, LGA: large for gestational age, PPROM: preterm premature rupture of membranes.

@ Two-sided p-value based on multivariate analysis — linear regression.

The present study reported higher maternal, but not fetal, serum
leptin levels among women who were in established labor. Similarly,
Nuamabh et al. measured maternal leptin levels at 3 points (before labor
induction, during labor and in the early postpartum) in the same women
and demonstrated a significant increase in maternal leptin concentra-
tions during advanced labor and a decrease in the early postpartum
period [34]. Furthermore, a study of 934 newborns showed that active
labor delivery mode, as well as longer duration of labor, were associated
with higher cord leptin concentrations [35]. Collectively, these findings
led us to speculate that labor increases leptin production. This increase
in leptin production during labor has been suggested to be caused by the
increase in inflammatory factors and corticosteroids that accompanied
active labour [18,33,34].

Our study showed no association between maternal serum leptin
levels and maternal age, gestational age of the fetus, fetal weight and
gender and mode of delivery. In agreement, different studies revealed no
significant differences in maternal serum leptin concentrations in regard
to fetal birth weight [4,6,15] and mode of delivery [6,33,36]. On the
other hand, other studies reported a positive correlation between
maternal serum leptin levels and fetal birth weight [11,37] and gesta-
tional age of the fetus [36]. Besides, higher maternal leptin levels have
been reported in mothers with female fetuses as compared with mothers
with male fetuses [36].

The current study reported significantly higher fetal serum leptin
levels among LGA fetuses. Our findings are consistent with the literature
and showed that fetal serum leptin levels are strongly related to birth
weight and fetal adiposity [6,10,13]. Besides, the current study reported
no association between fetal serum leptin levels and maternal age,
gestational age of the fetus, fetal gender and mode of delivery. Similarly,
other studies revealed no significant differences in fetal serum leptin
concentrations in regard to fetal gender [6,10] and mode of delivery [6].
On the other hand, other studies reported a positive correlation between
fetal serum leptin levels and the gestational age of the fetus [6,38]. Also,
higher fetal plasma leptin concentrations were demonstrated in female
fetuses as compared with male fetuses [1,39].

4.1. Study limitation

Our study has some limitations worthy of consideration. First, we
have only measured maternal leptin serum levels in the 3rd trimester at
the time of delivery and we have not explored the longitudinal changes
in maternal leptin concentrations throughout pregnancy. Besides, the
relatively small sample size of the subgroups (GDM, PPROM, etc.) limits
the generalization of our findings and further studies with larger pop-
ulations are needed to confirm our results. Finally, we did not investi-
gate placental leptin expression as this will improve data interpretation.

5. Conclusion

Maternal serum leptin concentrations correlated positively with
maternal BMI and were higher among nulliparous women and in women
who were in established labor. Fetal serum leptin concentrations were
higher among LGA fetuses and in fetuses with PPROM.

Further studies are required to clarify the definite role of leptin in the
pathophysiology of high-risk pregnancies and explore its potential role
as a biomarker for the detection of pregnancy complications.
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