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Chapter

Leptin and Female Reproductive 
Health
Shyam Pyari Jaiswar and Apala Priyadarshini

Abstract

Leptin is a peptide hormone, secreted primarily by the adipose tissue, placenta 
being the second leptin-producing tissue in humans. Apart from playing an integral 
role in food intake regulation and energy balance, leptin is an important signalling 
molecule affecting human reproduction. Accumulated evidence suggests that leptin 
has potential roles in the regulation of GnRH and LH secretion, puberty, preg-
nancy, and lactation. Deregulation of leptin levels has been associated with several 
reproductive disorders including infertility, recurrent pregnancy loss, and poly-
cystic ovary syndrome. This chapter illustrates the importance of leptin in female 
reproductive health, its role in the metabolic regulation of reproductive axis and its 
eventual pathophysiological implications in prevalent reproductive disorders.
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1. Introduction

Human reproduction is an energy demanding process which requires the  
complex interaction of biological molecules and neuroendocrine pathways primarily 
revolving around the hypothalamic–pituitary–ovarian (HPO) axis [1, 2]. The size of 
body fat and energy stores and the metabolic state of the individual are two of the 
key elements which determine the appropriate functioning of human reproduction, 
including the onset of puberty [1, 3].

In a severely undernourished state, the energy stores of the body are deviated to 
support the indispensable functions for survival, hence compromising the reproduc-
tive ability [4, 5].

It has long been observed that the extreme situations of body fat metabolism, that 
is, obesity and cachexia are both associated with derangement of female reproductive 
function including infertility, recurrent pregnancy loss (RPL) and polycystic ovary 
syndrome (PCOS) [1].

The presumptions on the existence of a missing link between the energy homeo-
stasis of the body and female reproductive health culminated in the year 1994, 
with the discovery of leptin, an adipose tissue derived hormone that maintains the 
homeostatic control of the body fat stores [1, 6, 7]. Leptin has now been recognised 
to control and influence the functioning of the HPO axis also exerting a negative 
feedback effect on the hypothalamus.
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2. Leptin: Structure and function

Leptin (derivative of Greek word “leptos” which means thin) is an adipose tissue 
derived hormone. It a known biomarker of adiposity, its levels rising proportionately 
with body fat stores [3, 8].

Leptin comprises a 167 amino acid polypeptide chain. This 16 kDa protein is 
encoded by the obesity gene (Lepob gene) situated on chromosome 7 [2, 8].

The preliminary function of leptin was recognised to control energy homeostasis 
via a negative feedback mechanism to the brain, to reduce the intake of food when the 
body fat stores were sufficient [3, 9].

However, recent literature elucidates that leptin can control and regulate the 
functioning of HPO axis, has a putative role as a placental hormone and can directly 
affect the reproductive function of gonads.

In this chapter, the role of leptin in female reproductive health will be illustrated 
under the following sections:

a. Leptin in normal pregnancy

b. Leptin in pathological pregnancy:

i. Pre-eclampsia (PE)

ii. Gestational diabetes mellitus (GDM)

iii. Fetal growth restriction (FGR)

c. Leptin in puberty and infertility

d. Leptin in menstruation

e. Leptin in PCOS

f. Leptin in recurrent pregnancy loss (RPL).

3. Leptin in normal pregnancy

3.1 Source of leptin in pregnancy

Placenta is the other leptin producing tissue in humans apart from adipose tissue 
and compelling evidence suggests that both leptin hormone and leptin receptors are 
expressed in human placenta [1, 8–10]. Leptin is produced by the syncytiotropho-
blast cells of the placenta (contribute 95% of total placental leptin) and the vascular 
endothelial cells on the fetal side (5%) [8, 11, 12]. The amniocytes of the amniotic 
membrane and the maternal decidua also release leptin into the amniotic fluid [13].

Even though pregnancy is a state of enhanced fat stores, the major proportion of 
leptin in maternal circulation is contributed by the placenta [1, 11]. Leptin has both 
endocrine and autocrine actions in the placenta and placental leptin is similar to its 
adipose tissue derived counterpart in terms of structure and function [10, 11, 14].

Increased blood levels of leptin (by two folds) have been demonstrated in preg-
nant as compared to non-pregnant women [8]. Presence of leptin has been observed 
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in placenta from 7 weeks of gestation onwards. Leptin levels increase by 30% at as 
early as 12 weeks of gestation, plateau at mid pregnancy and return to pre-pregnant 
levels 24 hours after delivery [8, 11]. The clarification for increased leptin concentra-
tion during pregnancy is the release of plasma soluble leptin receptors by the placenta 
which bind the circulating leptin, hence delaying its clearance [1, 11].

3.2 Functions of leptin in pregnancy

3.2.1 In mother

Pregnancy is an anabolic state where adequate energy stores are required to cater 
to the nutritional demands of the growing fetus. However, pregnancy is a state of 
leptin resistance and the role of leptin in pregnancy deviates considerably from its 
classical role of controlling food intake [15, 16].

The functions can be elaborated as follows (Figure 1) [8, 17]:

1. Plays an integral role in implantation and formation of blastocyst.

2. Activation of enzymes for lipid oxidation to generate growth substrates in the 
form of free fatty acids for growing fetus.

Figure 1. 
Actions of leptin seen at maternal-fetal interface. ST, syncytiotrophoblast; CT, cytotrophoblast [17].
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3. Placental transfer of these substrates to meet the energy demands of the fetus 
including amino acid uptake by the fetus.

4. Placental leptin has a paracrine action in the placenta itself. It contributes to 
placental angiogenesis, induces placental growth and stimulates the trophoblasts 
to produce hCG.

5. As an immunomodulator, it suppresses maternal immune mediated rejection of 
the developing fetus [17].

3.2.2 In fetus

Fetal leptin is predominantly fetal in origin and is present in fetal blood from 
18 weeks of gestation [8, 18]. Maternal leptin does not cross the placenta to affect fetal 
functions due to its high molecular weight [19].

However, the umbilical cord blood leptin concentrations correlate strongly with fetal 
fat mass serving as a good indicator for the same [8, 10, 11, 20]. Fetal leptin levels increase 
as gestational age increases [21]. Female foetuses have higher serum leptin levels than 
their male counterparts due to the suppression of leptin by testosterone in males [22].

Leptin receptors have been reported to be expressed in fetal tissues, for example, 
bone, kidney, and hypothalamus and fetal leptin supports fetal endocrine functions, 
for example, angiogenesis and erythropoiesis.

4. Leptin in pathological pregnancy

4.1 Leptin and pre-eclampsia (PE)

Pre-eclampsia is a multisystem disorder of unknown aetiology characterised by 
hypertension ≥140/90 mm Hg after 20 weeks of gestation with proteinuria. Pre-
eclampsia complicates around 5% of all pregnancies. The pathophysiology involves 
defective trophoblastic invasion of maternal spiral arteries leading to reduced placen-
tal blood flow and hence hypoxia [23].

Pre-eclamptic pregnancies have higher serum leptin levels (eight folds) specifi-
cally in the second half of gestation as compared to normal pregnancy. In PE, plateau 
of leptin does not occur and leptin levels continue to rise till term, falling only after 
delivery. The increase in the serum leptin levels are a consequence of placental 

Figure 2. 
Schematic diagram representing hyperleptinemia as a consequence of chronic placental hypoxia induced by severe 
pre-eclampsia [9].
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hypoxia induced stress (Figure 2). This rise in leptin levels precedes the clinical 
onset of disease hence can also be considered as a potential predictive marker of PE. 
Apart from serum, amniotic fluid also shows a higher concentration of leptin than 
normotensive pregnancies. Leptin being an angiogenic hormone promotes placental 
vasculogenesis and trans placental nutrient transfer compensating for the placental 
insufficiency to some extent [8, 11, 17, 24].

The serum leptin levels rise in linear proportion with the severity of the disease 
[8, 9]. Studies have also suggested that leptin concentrations are higher in term PE as 
compared to preterm PE [17].

However the cord blood leptin levels are lower which denote a reduced fetal fat 
mass often associated with PE [11]. Pre eclamptic pregnancies complicated with FGR 
have higher maternal leptin levels than those without FGR suggesting a greater degree 
of placental insufficiency [8].

The data available is conflicting and the modulation of leptin in relation to pre-
eclampsia is a fertile ground for further studies.

4.2 Leptin and fetal growth restriction (FGR)

Fetal growth restriction may be defined as the failure of the fetus to reach its 
genetically determined growth potential. FGR complicates 5–10% of all pregnancies 
and is associated with significant perinatal morbidity and mortality [25].

Studies linking the role of leptin in FGR have yielded conflicting results. A 
recent meta-analysis involving 1734 women showed no difference in the leptin lev-
els between maternal blood of FGR pregnancies and healthy pregnant women [26].

However evidence suggests that the maternal serum leptin levels are higher in 
pregnancies complicated with FGR and fetal cord blood levels are lower compared 
with normal pregnancies. The higher maternal levels are a consequence of increased 
placental production of leptin triggered by placental insufficiency and hypoxia [27]. 
The lower cord blood levels reflect a lower fetal fat mass seen in FGR and also suggest 
a plausible role of leptin as a growth factor [28].

4.3 Leptin and gestational diabetes mellitus

Gestational diabetes mellitus (GDM) is one of the most common metabolic 
complications occurring during pregnancy with a high risk of maternal and perinatal 
morbidity, also leading to long term sequelae [29]. It may be defined as glucose intol-
erance of variable severity with its onset or first recognition during pregnancy [30]. 
Prevalence of GDM is higher in obese women as compared to women with a normal 
pre-pregnancy BMI [12].

GDM is associated with increased levels of leptin in the placenta and increased 
expression of placental leptin receptors. The rise in serum leptin levels has been noted 
in the first trimester of pregnancy itself, illustrating its possible role as a predictive 
marker for GDM (4.7 fold greater risk of developing GDM). Not only in serum, higher 
leptin levels have also been measured in the amniotic fluid of women with GDM, 
each 1 ng/dl rise in amniotic fluid leptin increasing the risk of developing GDM by 
4% [31].

It has been observed the higher umbilical cord leptin levels were present in 
macrosomic foetuses of diabetic mothers correlating with the increased fetal fat mass. 
Leptin may also contribute to the increased placental size seen in GDM. Moreover, 
leptin also stimulates placental protein synthesis and transfer of nutrients to the fetus 
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as can be speculated by increased expression of glycerol transporter aquaporin-9 in 
the placentae of women with GDM [32].

The enhanced placental production of leptin has also been correlated with a higher 
production of inflammatory cytokines interleukin-6 and tumour necrosis factor-
alpha and therefore linked with the chronic inflammatory state seen in GDM. IL-6 
and TNF-α enhance the placental expression of leptin. Leptin in turn stimulates the 
monocytes for enhanced production of IL-6 and TNF-α resulting in a vicious cycle 
[11, 17, 30, 33].

The production of leptin is stimulated by hyperinsulinemia seen in GDM. 
Therefore, increased leptin levels are also associated with the increased insulin resis-
tance seen in GDM during the second half of pregnancy (Figure 3) [33].

Studies evaluating novel bioactive therapeutic agents comprising macro and 
micronutrients which exert anti-inflammatory actions may be a potential cure for 
inflammation induced leptin resistance at the level of the hypothalamus seen in 
GDM. This will lead to improved leptin sensitivity at the centre and decreased insulin 
resistance at the peripheral level [32].

5. Leptin in puberty and infertility

Robust data reveal that obesity is associated with precocious puberty and cachexic 
women often experience delayed puberty [34]. The association of obesity with 
puberty as well as infertility led the researchers to investigate the mediator and con-
necting factor linking obesity with reproduction.

Rat models with deficiency of leptin or leptin receptors failed to attain puberty, 
elaborating the significance of leptin for reproductive function. The serum levels of 
leptin rise continuously throughout the entire period of pubertal development. Leptin 
regulates female pubertal development more closely as compared to males where 
minimal leptin levels are sufficient to sustain reproductive function [1].

The actions of leptin on various levels of the HPO axis are detailed (Figure 4):

Figure 3. 
Association of increased leptin production with chronic inflammatory state, insulin resistance and 
hyperinsulinemia seen in GDM. TNF-α, tumour necrosis factor alpha; IL-6, interleukin-6 [30].
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5.1 Effects on the central nervous system

The primary site where leptin acts to control the reproductive function is the 
hypothalamus. Leptin receptors are present on the GnRH producing cells in the 
hypothalamus [1]. Leptin through its central action on the hypothalamus stimulates 
the production of GnRH and therefore may be a crucial determinant of the integrity 
of the HPO axis [35]. In mammals the effect of melatonin is also mediated by leptin, 
as observed by reduced litter size in leptin deficient mice [36]. The administration of 
daily dose of leptin to normal female mice resulted in advancement in the timing of 
opening of the vagina by some days [37].

Kisspeptin, a neuronal substance produced by the kiss1 neurons in the hypothala-
mus stimulates the release of GnRH. Physical stress conditions result in the inhibition 
of kiss1 neurons thereby resulting in the suppression of HPO axis. Studies have shown 
that leptin directly acts on the kiss1 neurons to release kisspeptin hence causing 
GnRH release [1].

The release of follicle stimulating hormone (FSH) and luteinising hormone (LH) from 
the pituitary gland is also governed by central pathways involving leptin [38]. Although 
increased leptin levels are seen in women with excessive body weight, obesity per se is 
associated with leptin resistance at the level of the hypothalamus. This leptin resistance 
further aggravates the hyperleptinemia via feedback mechanisms. Although leptin resis-
tance is observed at the centre, the peripheral tissues, for example, the ovaries not only 
remain sensitive to leptin, but are also subjected to higher levels seen in obesity [35, 39].

5.2 Effects on the ovary

Normal leptin levels (10–20 ng/ml) are required for the synthesis of oestrogen 
and progesterone from the theca and granulosa cells of the ovary. Leptin is also 

Figure 4. 
Figure representing the actions of leptin on the hypothalamic–pituitary–gonadal axis. Both stimulatory and 
inhibitory effects are depicted. GnRH, gonadotropin releasing hormone; LH, luteinising hormone; FSH, follicle 
stimulating hormone; WAT, white adipose tissue [1].
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essential for the normal growth and maturation of the oocyte. The follicular fluid 
of the maturing Graafian follicle contains leptin, the concentration of which 
is dependent on the serum leptin concentrations. Higher serum levels of leptin 
(50–200 ng/ml) were associated with suppression of oocyte maturation and 
reduced follicular count. Leptin may also play a role in ovulation as can be specu-
lated by a surge in leptin levels occurring at the same time as the LH surge prior to 
ovulation. Therefore, hyperleptinemia also contributes to infertility by inhibition 
of ovulation. The role of leptin also extends to the maintenance of corpus luteum 
after ovulation [3, 38–40].

Hence it can be summarised that decreased leptin levels seen in energy deficient 
states may be a threat to fertility due to the suppression of HPO axis. However, 
hyperleptinemia in obese females also causes infertility due to the direct inhibitory 
action on the gonads.

5.3 Effects on the endometrium

The receptivity of the endometrial epithelium is blunted under the effect of leptin. 
Studies in mice have revealed that the normal decidualisation of the endometrium is 
also diminished in obese women. Leptin controls the remodelling of the endometrial 
epithelium by mediating its proliferation as well as apoptosis [35].

5.4 Effects on the embryo

The effects of leptin on fertility are not confined to the pre-conceptional phase. 
It also affects the implantation and development of the growing embryo as can be 
interpreted from lower success rates of IVF in women with hyperleptinemia [39]. 
Although in vitro studies have demonstrated the positive effects of leptin on growth 
and proliferation of trophoblastic stem cells, higher levels seen in obese women are a 
deterrent to the embryonal development [39, 41].

6. Leptin in menstruation

Hyperleptinemia may also be a determinant of menstrual function, again through 
its effects on the HPO axis [38]. It is well known that heavy exercise and decreased 
body fat (resulting in lower leptin levels) can lead to cessation of menses. Studies 
have demonstrated resumption of menses in women with hypothalamic amenorrhoea 
when treated with recombinant leptin [42, 43].

A cyclical variation has been observed in the serum leptin concentrations cor-
relating with the phases of the menstrual cycle. In the early follicular phase, the 
concentration of leptin in serum is 14.9 ng/ml, which increases to 20.4 ng/ml in the 
mid-luteal phase [3]. Data have shown that a mid-cycle surge is seen in leptin levels 
corresponding to the mid-cycle LH surge. A recent study demonstrated that a 10% 
rise in leptin level throughout the menstrual cycle resulted in an increase in serum 
estradiol and luteal progesterone level [44].

The cyclicity of leptin levels in reproductive aged women in contrast to the con-
stant levels in men and post-menopausal females further exemplify the role of leptin 
in regulation of menstrual cycle [44].
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7. Leptin in polycystic ovary syndrome (PCOS)

PCOS is a heterogeneous disease, characterised by chronic oligo/an-ovulation, 
hyperandrogenism and polycystic ovaries on morphology. It is one of the most com-
mon endocrine disorders of women of reproductive age group affecting 5–10% of 
these women. It is also the most common cause of anovulatory infertility.

Since a vast majority of these patients are obese and have metabolic derangements, 
several studies have been conducted investigating the role of leptin in PCOS which 
have yielded conflicting results [1, 17].

It has been observed that the increased LH levels seen in PCOS patients are also 
associated with increased leptin levels [45]. Since nearly half of these women present 
with obesity, hyperleptinemia is a common association in PCOS. Several studies have 
elucidated elevated levels of leptin in PCOS [46, 47]. Others have linked leptin with 
the insulin resistance seen in PCOS [48]. Leptin has also been associated with the 
pro-inflammatory and hyperandrogenic state seen in PCOS [49].

Since hyperleptinemia is observed in several clinical manifestations associated 
with PCOS, it may be speculated that leptin may have a role in the etiopathogenesis of 
the disease. However, studies directly demonstrating leptin as one of causative factors 
of PCOS are still sparse.

8. Leptin and recurrent pregnancy loss (RPL)

Recurrent pregnancy loss may be defined as three or more consecutive spontane-
ous pregnancy losses occurring before the 20th week of gestation irrespective of 
previous live births [17]. Known causes include anatomical abnormalities, genetic 
causes, endocrine derangements, environmental factors, and immunological diseases. 
However, despite a thorough evaluation of the patients, the cause remains unknown 
in upto 50% of patients. Defects in the leptin signalling pathway have been evaluated 
as one of the possible causes of idiopathic RPL. Studies have demonstrated raised 
serum leptin concentrations in women with RPL as compared to controls. In contrast, 
reduced leptin levels were also observed in women having first trimester abortions. A 
recent study revealed similar leptin concentration in RPL cases and controls [50–53].

In conclusion, data linking recurrent pregnancy loss with leptin is largely incon-
clusive, though there is significant evidence suggesting positive association of hyper-
leptinemia with RPL.

9. Conclusion

It may be concluded that leptin is the cross-talk molecule linking human repro-
duction and nutrition. More than 25 years after its discovery, leptin is now known 
to mediate a paraphernalia of functions relating to the reproductive capacity. Leptin 
exerts its actions in several ways at multiple levels of the pathway of reproduc-
tion including the hypothalamus, ovary, and the placenta. It plays a crucial role in 
essential processes in the establishment of a normal pregnancy such as trophoblastic 
invasion, placentation, and transfer of nutrients to the developing embryo. The 
pathological significance of leptin in human reproduction may be elucidated by the 
fact that deregulation of leptin levels is responsible for the genesis of a wide variety 
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of disorders associated with pregnancy and reproduction including GDM, FGR, PE, 
PCOS, RPL and infertility. Recombinant leptin therapies and leptin sensitisers should 
be the ground for further research to address the devastating effects of abnormal 
leptin levels and leptin resistance on human reproduction.

Author details

Shyam Pyari Jaiswar1 and Apala Priyadarshini2*

1 Department of Obstetrics and Gynecology, King George’s Medical University, 
Lucknow, Uttar Pradesh, India

2 Department of Obstetrics and Gynecology, All India Institute of Medical Sciences, 
Raebareli, Uttar Pradesh, India

*Address all correspondence to: apalapriyadarshini@gmail.com

© 2021 The Author(s). Licensee IntechOpen. This chapter is distributed under the terms of 
the Creative Commons Attribution License (http://creativecommons.org/licenses/by/3.0), 
which permits unrestricted use, distribution, and reproduction in any medium, provided 
the original work is properly cited. 



11

Leptin and Female Reproductive Health
DOI: http://dx.doi.org/10.5772/intechopen.101226

[1] Vázquez MJ, Romero-Ruiz A, 
Tena-Sempere M. Roles of leptin in 
reproduction, pregnancy and polycystic 
ovary syndrome: Consensus knowledge 
and recent developments. Metabolism. 
2015;64(1):79-91. DOI: 10.1016/j.
metabol.2014.10.013

[2] Tena-Sempere M, Huhtaniemi I. 
Gonadotropins and gonadotropin 
receptors. In: Fauser BCJM, editor. 
Reproductive Medicine—Molecular, 
Cellular and Genetic Fundamentals. New 
York: Partenon Publishing; 2003. 
pp. 225-244

[3] Childs GV, Odle AK, MacNicol MC, 
MacNicol AM. The importance of leptin 
to reproduction. Endocrinology. 1 Feb  
2021;162(2):bqaa204. DOI: 10.1210/
endocr/bqaa204. PMID: 33165520; 
PMCID: PMC7749705

[4] Kennedy GC, Mitra J. Body weight 
and food intake as initiating factors for 
puberty in the rat. The Journal of 
Physiology. 1963;166:408-418

[5] Foster DL, Olster DH. Effect of 
restricted nutrition on puberty in the 
lamb: Patterns of tonic luteinizing 
hormone (LH) secretion and competency 
of the LH surge system. Endocrinology. 
1985;116(1):375-381

[6] Friedman J. The long road to leptin. 
The Journal of Clinical Investigation. 
2016;126(12):4727-4734. DOI: 10.1172/
JCI91578

[7] Zhang Y, Proenca R, Maffei M, 
Barone M, Leopold L, Friedman JM. 
Positional cloning of the mouse obese 
gene and its human homologue. Nature 
Cell Biology. 1994;372:425-432. 
DOI: 10.1038/372425a0

[8] de Knegt VE, Hedley PL, Kanters JK, 
Thagaard IN, Krebs L, Christiansen M, 
et al. The role of leptin in fetal growth 
during pre-eclampsia. International 
Journal of Molecular Sciences. 
2021;22(9):4569

[9] Sagawaa N, Yuraa CS, Itoha H, et al. 
Role of leptin in pregnancy—A review. 
Trophoblast Research Supplement. 
2002;16:S80-S86

[10] Lepercq J, Hauguel De Mouzo S. 
Leptin during pregnancy. Journal de 
Gynécologie, Obstétrique et Biologie de la 
Reproduction. 2002;31(2 Pt 1):167-172

[11] Hauguel-de Mouzon S, Lepercq J, 
Catalano P. The known and unknown of 
leptin in pregnancy. American Journal of 
Obstetrics and Gynecology. 2006; 
194(6):1537-1545. DOI: 10.1016/j.
ajog.2005.06.064

[12] Powe CE, Allard C, Battista M-C, 
Doyon M, Bouchard L, Ecker JL, et al. 
Heterogeneous contribution of insulin 
sensitivity and secretion defects to 
gestational diabetes mellitus. Diabetes 
Care. 2016;39:1052-1055

[13] Masuzaki H, Ogawa Y, Sagawa N, 
Hosoda K, Matsumoto T, Mise H, et al. 
Nonadipose tissue production of leptin: 
Leptin as a novel placenta-derived 
hormone in humans. Nature Medicine. 
1997;3:1029-1033

[14] Senaris R, Garcia-Caballero T, 
Casabiell X, Gallego R, Castro R, 
Considine R, et al. Synthesis of leptin in 
human placenta. Endocrinology. 
1997;138:4501-4504

[15] Considine R, Sinha M, Heiman M. 
Serum immunoreactive leptin 
concentrations in normal-weight and 

References



Weight Management - Challenges and Opportunities

12

obese humans. The New England Journal 
of Medicine. 1996;334:292-295

[16] Khant Aung Z, Grattan DR, 
Ladyman SR. Pregnancy-induced 
adaptation of central sensitivity to leptin 
and insulin. Molecular and Cellular 
Endocrinology. 2020;516:110933. 
DOI: 10.1016/j.mce.2020.110933

[17] Pérez-Pérez A, Toro A, 
Vilariño-García T, et al. Leptin action in 
normal and pathological pregnancies. 
Journal of Cellular and Molecular 
Medicine. 2018;22(2):716-727

[18] Jaquet D, Leger J, Levy-Marchal C, 
Oury JF, Czernichow P. Ontogeny of 
leptin in human fetuses and newborns: 
Effect of Intrauterine growth retardation 
on serum leptin concentrations. The 
Journal of Clinical Endocrinology and 
Metabolism. 1998;83:1243-1246

[19] Smith JT, Waddell BJ. Leptin 
distribution and metabolism in the 
pregnant rat: Transplacental leptin passage 
increases in late gestation Hauguel-de 
Mouzon, Lepercq, and Catalano 1543 but 
is reduced by excess glucocorticoids. 
Endocrinology. 2003;144:3024-3030

[20] Lepercq J, Catalano P, Hauguel de 
Mouzon S. Leptine et grossesse: dogmes, 
questions et perspectives [Leptin in 
pregnancy: Facts, questions and future]. 
Gynécologie, Obstétrique & Fertilité. 
2007;35(2):89-95. DOI: 10.1016/j.
gyobfe.2006.12.015

[21] Karakosta P, Georgiou V, Fthenou E, 
Papadopoulou E, Roumeliotaki T, 
Margioris A, et al. Maternal weight status, 
cord blood leptin and fetal growth: A 
prospective mother-child cohort study 
(Rhea study). Paediatric and Perinatal 
Epidemiology. 2013;27:461-471

[22] Helland IB, Reseland JE, 
Saugstad OD, Drevon CA. Leptin levels 

in pregnant women and newborn infants: 
Gender differences and reduction during 
the neonatal period. Pediatrics. 
1998;101:e12. DOI: 10.1542/
peds.101.3.e12

[23] Spradley FT, Palei AC, Granger JP. 
Increased risk for the development of 
preeclampsia in obese pregnancies: 
Weighing in on the mechanisms. 
American Journal of Physiology. 
Regulatory, Integrative and Comparative 
Physiology. 2015;309: 
R1326-R1343

[24] Anim-Nyame N, Sooranna SR, 
Steer PJ, Johnson MR. Longitudinal 
analysis of maternal plasma leptin 
concentrations during normal pregnancy 
and pre-eclampsia. Human 
Reproduction. 2000;15:2033-2036

[25] Nardozza LM, Caetano AC, 
Zamarian AC, Mazzola JB, Silva CP, 
Marçal VM, et al. Fetal growth 
restriction: Current knowledge. Archives 
of Gynecology and Obstetrics. 
2017;295(5):1061-1077

[26] Goto E. Maternal blood leptin 
concentration in small for gestational 
age: A meta-analysis. European Journal 
of Pediatrics. 2019;178(5):763-770

[27] Gurugubelli Krishna R, Vishnu 
Bhat B. Molecular mechanisms of 
intrauterine growth restriction. The 
Journal of Maternal-Fetal & Neonatal 
Medicine. 2018;31(19):2634-2640

[28] Catov JM, Patrick TE, Powers RW, et 
al. Maternal leptin across pregnancy in 
women with small- for-gestational-age 
infants. American Journal of Obstetrics 
and Gynecology. 2007;196: 
558.e1-558.e8

[29] Soheilykhah S, Mojibian M, 
Rahimi-Saghand S, Rashidi M, 
Hadinedoushan H. Maternal serum leptin 



13

Leptin and Female Reproductive Health
DOI: http://dx.doi.org/10.5772/intechopen.101226

concentration in gestational diabetes. 
Taiwanese Journal of Obstetrics & 
Gynecology. 2011;50:149-153

[30] Al-Badri MR, Zantout MS, Azar ST. 
The role of adipokines in gestational 
diabetes mellitus. Therapeutic Advances 
in Endocrinology and Metabolism. 
2015;6(3):103-108

[31] Thagaard IN, Krebs L, Holm JC,  
et al. Adiponectin and leptin as first 
trimester markers for gestational diabetes 
mellitus: A cohort study. Clinical 
Chemistry and Laboratory Medicine. 
2017;55:1805-1812

[32] Pérez-Pérez DA, Vilariño-García T, 
Guadix P, Dueñas JL, Sánchez-Margalet V. 
Leptin and nutrition in gestational 
diabetes. Nutrients. 2020;12(7):1970

[33] Gennaro G, Palla G, Battini L, 
Simoncini T, Del Prato S, Bertolotto A, et 
al. The role of adipokines in the 
pathogenesis of gestational diabetes 
mellitus. Gynecological Endocrinology. 
2019;35(9):737-751

[34] Castellano JM, Bentsen AH, 
Sánchez-Garrido MA, Ruiz-Pino F, 
Romero M, Garcia-Galiano D, et al. Early 
metabolic programming of puberty 
onset: Impact of changes in postnatal 
feeding and rearing conditions on the 
timing of puberty and development of 
the hypothalamic kisspeptin system. 
Endocrinology. 2011;152:3396-3408

[35] Gambineri A, Laudisio D, 
Marocco C, Radellini S, Colao A, 
Savastano S. Female infertility: Which 
role for obesity? International Journal of 
Obesity Supplements. 2019;9(1):65-72

[36] Lv D, Tan T, Zhu T, Wang J, Zhang S, 
Zhang L, et al. Leptin mediates the 
effects of melatonin on female 
reproduction in mammals. Journal of 
Pineal Research. 2019;66(3):e12559

[37] Chehab FF, Qiu J, Mounzih K, 
Ewart-Toland A, Ogus S. Leptin and 
reproduction. Nutrition Reviews. 2002; 
60(10):S39-S46

[38] Baig M, Azhar A, Rehman R, Syed H, 
Tariq S, Gazzaz ZJ. Relationship of serum 
leptin and reproductive hormones in 
unexplained infertile and fertile females. 
Cureus. 2019;11(12):e6524

[39] Broughton DE, Moley KH. Obesity 
and female infertility: Potential 
mediators of obesity’s impact. Fertility 
and Sterility. 2017;107(4):840-847

[40] Brannian JD, Hansen KA. Leptin and 
ovarian folliculogenesis: Implications for 
ovulation induction and ART outcomes. 
Seminars in Reproductive Medicine. 
2002;20(2):103-112

[41] Magarinos MP, Sanchez-Margalet V, 
Kotler M, Calvo JC, Varone CL. Leptin 
promotes cell proliferation and survival 
of trophoblastic cells. Biology of 
Reproduction. 2007;76:203-210

[42] Welt CK, Chan JL, Bullen J, et al. 
Recombinant human leptin in women 
with hypothalamic amenorrhea. The 
New England Journal of Medicine. 
2004;351:987-997

[43] Chou SH, Chamberland JP, Liu X,  
et al. Leptin is an effective treatment for 
hypothalamic amenorrhea. Proceedings 
of the National Academy of Sciences of 
the United States of America. 2011;108: 
6585-6590

[44] Ahrens K, Mumford SL, Schliep KC, 
Kissell KA, Perkins NJ, Wactawski- 
Wende J, et al. Serum leptin levels and 
reproductive function during the 
menstrual cycle. American Journal of 
Obstetrics and Gynecology. 
2014;210(3):248.e1-248.e9

[45] Chen X, Jia X, Qiao J, Guan Y, Kang J. 
Adipokines in reproductive function: A 



Weight Management - Challenges and Opportunities

14

link between obesity and polycystic 
ovary syndrome. Journal of Molecular 
Endocrinology. 18 Mar 2013;50(2):R21-
37. DOI: 10.1530/JME-12-0247. PMID: 
23335807

[46] Rizk NM, Sharif E. Leptin as well as 
free leptin receptor is associated with 
polycystic ovary syndrome in young 
women. International Journal of 
Endocrinology. 2015;2015:927805. DOI: 
10.1155/2015/927805. Epub 2015 Jun 9. 
PMID: 26180527; PMCID: PMC4477211

[47] Brzechffa PR, Jakimiuk AJ, 
Agarwal SK, et al. Serum immunoreactive 
leptin concentrations in women with 
polycystic ovary syndrome. The Journal 
of Clinical Endocrinology and 
Metabolism. 1996;81:4166-4169

[48] Behboudi-Gandevani S, Ramezani 
Tehrani F, Bidhendi Yarandi R, et al. The 
association between polycystic ovary 
syndrome, obesity, and the serum 
concentration of adipokines. Journal of 
Endocrinological Investigation. 
2017;40:859-866

[49] Escobar-Morreale HF, San Millan JL. 
Abdominal adiposity and the polycystic 
ovary syndrome. Trends in 
Endocrinology and Metabolism. 
2007;18:266-272

[50] Garrido-Gimenez C, Alijotas-Reig J. 
Recurrent miscarriage: Causes, 
evaluation and management. 
Postgraduate Medical Journal. 2015; 
91(1073):151-162

[51] Zidan HE, Rezk NA, Alnemr AA,  
et al. Interleukin-17 and leptin genes 
polymorphisms and their levels in 
relation to recurrent pregnancy loss in 
Egyptian females. Immunogenetics. 
2015;67:665-673

[52] Kratzsch J, Höckel M, Kiess W. 
Leptin and pregnancy outcome. Current 

Opinion in Obstetrics & Gynecology. 
2000;12:501-505

[53] Serazin V, Duval F, Wainer R, 
Ravel C, Vialard F, Molina-Gomes D,  
et al. Are leptin and adiponectin involved 
in recurrent pregnancy loss? The Journal 
of Obstetrics and Gynaecology Research. 
2018;44(6):1015-1022


