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Inverse Correlation between Insulin‑like Growth Factor‑1 and Leptin 
Levels in Preeclampsia
P. Panjeta, V. S. Ghalaut, J. Bala, S. Nanda1, Simmi Kharb
Departments of Biochemistry and 1Obstetrics and Gynecology, Pt. B.D. Sharma PGIMS, Rohtak, Haryana, India

A B S T R A C T

Background: Preeclampsia is the major cause of maternofetal and neonatal morbidity and mortality. Insulin-like growth factor (IGF) 
system has a crucial role in correct embryonic and placental development and growth. Conflicting data are available regarding IGF‑1 
in preeclamptic mothers. The extent to which leptin per se mediates the fetal growth and developmental abnormalities associated 
with preeclampsia remains to be clarified. Aim: Hence, the present study was planned to assess IGF-1 and leptin levels in maternal 
and cord blood of preeclamptics and to compare them with normotensive pregnant women. Subjects and Methods: The present 
study was conducted in the Department of Biochemistry in collaboration with the Department of Obstetrics and Gynaecology, 
Pt. B.D. Sharma, PGIMS, Rohtak. Totally, 25 normotensive pregnant and 25 preeclamptic women were enrolled, and serum leptin 
and IGF-1 levels were analyzed in maternal and cord blood of women by enzyme-linked immunosorbent assay. Results: IGF-I levels 
were lowered in maternal blood of preeclamptic as compared to normotensive mothers (P < 0.001). Leptin levels were significantly 
increased in preeclamptic mothers as compared to normotensive mothers (P < 0.001). Leptin had a positive correlation with IGF 
in both groups and it is highly statistically significant in preeclamptic mothers. Conclusion: Findings of the present study suggest 
that IGF-1 and leptin play a central role in controlling fetal growth.
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INTRODUCTION
The basic pathology of preeclampsia is intense vasospasm 
affecting whole of the vascular system, especially renal, 
uterine, and cerebral vessels, which is probably due to an 
increase in vasopressor substances such as angiotensin II, 
thromboxane A2, endothelin-1, and a decrease in vasodilator 
substances such as nitric oxide and prostacyclin due to 
endothelial cell dysfunction.[1]

The mechanisms regulating fetal growth are poorly 
understood. Apart from genetic predisposition, factors such 
as chromosomal aberrations, nutritional and environmental 
factors or toxic exposition during pregnancy, insulin, and 
insulin-like growth factors (IGFs) have been implicated as a 
primary determinant of fetal weight.

IGFs are released in response to growth hormone (GH) stimulation 
in the liver and act as hormones.[2] Furthermore, IGFs exerts 

mitogenic actions through paracrine and autocrine mechanisms 
to stimulate cellular proliferation and differentiation. 
IGF-binding proteins (IGFBPs) modulate the function of IGF-1. 
IGFBP-1 is synthesized by the fetal liver and is highly expressed 
in the decidua during pregnancy.[3] IGF-1 has been detected 
in preimplantation embryo and in syncytiotrophoblasts and 
cytotrophoblasts throughout gestation. During placentation, 
IGF producing “intermediate” trophoblast of the anchoring 
villus invades the IGFBP-1-rich maternal decidua to gain access 
to the maternal blood vessels.[4]

IGF-1 and IGFBP-1 modulate placental growth and reduced 
levels of IGF-1 and IGFBP-1 during late first trimester has 
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been reported.[4] The mechanism of effect of IGF-1 on fetal 
growth is not clear as maternal IGF-1 cannot cross the 
placenta. IGF-1 levels in umbilical cord blood have been 
reported to positively correlate with birth weight.[5]

Mouse leptin is secreted into circulation by adipocytes 
and crosses blood-brain barrier to binds its hypothalamic 
receptor causing downregulation of neuropeptide Y. 
Consecutively, a loss of food intake and an increase in 
energy expenditure lead to a reduction of body fat and body 
weight. Human obesity in children and adults has been 
associated with elevated serum leptin levels indicating its 
role in the regulation of body weight in humans.[6]

Leptin modulates satiety, energy homeostasis, and also 
reproductive biology ranging from paracrine effects in the 
placenta to regulation of conceptus development and fetal 
growth. High leptin concentrations have been reported in 
pregnant women than nonpregnant women,[7] and leptin 
increases significantly in women with preeclampsia that 
occurs due to increase in placental leptin production in 
preeclampsia in response to hypoxia.[8] Insulin may increase 
leptin levels, and after birth, there is a direct functional 
relation between leptin, GH, and IGF-1.[3,4] Although leptin 
levels have been correlated with insulin and IGF-1 level, 
observational study in humans indicates that its effects on 
fetal growth are independent of these axis and of adiposity.[9]

Conflicting data are available regarding IGF-1 in 
preeclamptic mothers. The possible association between 
fetal growth and levels of IGFs later in life needs to be 
explored. Furthermore, the extent to which leptin per se 
mediates the fetal growth and developmental abnormalities 
associated with preeclampsia remains to be clarified. Hence, 
the present study was planned to assess IGF-1 and leptin 
levels in maternal and cord blood of preeclamptics and to 
compare them with normotensive pregnant women.

SUBJECTS AND METHODS
The present study was conducted during 2011–2012 
in the Department of Biochemistry in collaboration 
with the Department of Obstetrics and Gynaecology, 
Pt. B. D. Sharma, PGIMS, Rohtak. This study was approved 
by the Ethics Review Committee of the institute. Fifty 
pregnant women attending the outpatient Department 
of Obstetrics and Gynaecology were randomly enrolled 
and divided into two groups: Group I (control, n = 25) 
normotensive women with singleton pregnancy at the 
time of delivery; and Group II (study, n = 25) age- and 
gestation-matched women with singleton pregnancy and 
systolic	 blood	 pressure	 ≥140	 mm	 Hg	 or	 diastolic	 blood	
pressure	≥90	mm	Hg	with	 or	without	 proteinuria	 at	 the	
time of delivery.

Informed consent was taken from all the patients. Women 
with a history of chronic hypertension, any metabolic 
disorder before or during pregnancy, or presence of 
high-risk factors such as heart disease, diabetes, renal 
disease were excluded.

Five milliliters of blood was drawn aseptically, and 
serum was separated by centrifugation. Ten milliliters of 
umbilical cord blood was drawn, and serum was separated. 
Routine investigations and serum leptin and IGF-1 levels 
were analyzed in maternal and cord blood of women 
with preeclampsia and normotensive pregnant women. 
DRG enzyme-linked immunosorbent assay (ELISA) kit 
for IGF-1 and leptin ELISA Kit for leptin estimation were 
based on solid phase ELISA (based on the sandwich 
principle).[10] Data were expressed in mean ± standard 
deviation; Student’s t-test and Pearson correlation were 
used. SPSS, version 17.0 was used in the analysis (SPSS Inc. 
Released 2008. SPSS Statistics for Windows, Version 17.0. 
Chicago: SPSS Inc.).

RESULTS
IGF-1 levels were lowered in maternal blood 
of preeclamptic as compared to normotensive 
mothers (P < 0.001) [Table 1]. Leptin levels were significantly 
increased in preeclamptic mothers as compared to 
normotensive mothers (P < 0.001) [Table 1 and Figure 1]. 
Cord blood IGF-1 levels were significantly decreased in 

Table 1: Maternal and cord blood insulin‑like growth factor‑1 
and leptin in both groups (mean±standard deviation)

parameters Group I 
(control) 
maternal

Group I 
(control) 

cord blood

Group II 
(study) 

maternal

Group II 
(study) cord 

blood

Insulin-like growth factor-1 
(ng/ml)

259 (45.39) 72.2 (28.65) 73.2 (48.69) 33.2 (22.21)

Leptin (ng/ml) 21.77 (6.30) 10.02 (4.57) 57.48 (18.67) 24.27 (5.64)

Figure 1: Cord blood IGF-1 and leptin levels in both the groups



Panjeta, et al.: IGF-1/Leptin in preeclampsia

Journal of Basic and Clinical Reproductive Sciences · July ‑ December 2016 · Vol 5 · Issue 296

high values of IGF-messenger (mRNA), with the greatest 
abundance at the invasive front, strongly suggesting the 
involvement of IGF in trophoblast invasive activity.[17] 
Reduced placental perfusion causes placental ischemia, 
angiogenic imbalance, and endothelial dysfunction leading 
to maternal hypertension. As a result of decreased IGF-1 
levels in preeclampsia, there is inadequate trophoblast 
invasion resulting in reduced placental perfusion. In vitro 
studies have shown that IGF-1 administration increases 
trophoblast invasion and glucose transport activity in 
first-trimester trophoblast cells lines, hence suggesting 
that IGF-1 may promote uterine spiral artery remodeling 
to provide adequate perfusion and nutrient supply to 
the uteroplacental unit.[18,19] Significantly lowered level 
of IGF-1 in preeclamptic mothers in the present study 
signifies the important role of this system in normal 
pregnancy.

Cord blood IGF-1 levels of preeclamptic mothers were 
significantly decreased as compared to cord blood of 
normotensive mothers.

Reduced placental perfusion pressure results in intrauterine 
growth restriction in offspring born of preeclamptic 
pregnancies.[20] Studies have reported that high maternal 
levels of IGF-1 regulate fetal weight and divert nutrients from 
mother to fetus, while maternal IGF-2 regulates placental 
development and maternal hemodynamic adaptation to 
pregnancy by increasing the maternal plasma volume.[21,22] 
Similarly, Bankowski et al. also showed that preeclampsia is 
associated with a decrease of IGF-1 content in the umbilical 
cord artery. Studies have reported that low IGF-1 levels are 
associated with endothelial dysfunction in hypertensive 
patients.[23]

The present study also showed that serum leptin levels 
of preeclampsia mothers were significantly increased as 
compared to normotensive mothers. It was also found that 
cord blood leptin levels in preeclamptics were also significantly 
increased as compared to normotensive mothers.

A considerable amount of leptin is secreted from the 
placental trophoblastic cells into the maternal circulation 
during pregnancy.[24] Metabolic changes such as glucose 
intolerance and insulin resistance encountered in obesity can 
also be seen in preeclampsia. Mise et al. showed an increase 
in placental leptin mRNA expression proportional to an 
increase in serum leptin levels in these patients.[8] Similarly, 
many studies have also detected a significant increase in 
plasma leptin levels in preeclamptic cases.[25-27]

The present study showed that cord blood IGF-1 and 
leptin levels were significantly lowered in both groups as 
compared to respective maternal levels.

preeclampsia mothers as compared to the normotensive 
mothers (P < 0.001) [Table 1], while serum leptin levels 
were significantly increased in preeclampsia mothers 
as compared to the normotensive mothers (P < 0.001) 
[Table 1 and Figure 1]. Maternal leptin and IGF-1 levels were 
about two-fold higher than fetal levels in both groups.

Maternal IGF-1 had a strong inverse correlation with leptin 
levels in preeclamptic mothers (r	=	−0.528, P < 0.01). No 
correlation was found between normotensive mother IGF-1 
and leptin levels. Cord blood IGF-1 had a negative correlation 
with cord blood leptin levels in both groups; however, it was 
statistically not significant in neither of these groups (r = 
−0.145,	r	=	−0.246, P = 0.49, P = 0.24.). IGF-1 has a negative 
correlation in normotensive mothers (r	=	−0.024),	while	
it has a positive correlation in preeclamptics (r = 0.407), 
although none of these correlations were significant. 
Leptin has a positive correlation with IGF in both groups 
and it is highly statistically significant in preeclamptic 
mothers (r = 0.231, r = 0.687; P = 0.27., P < 0.001 at both 
levels). Correlation between maternal and cord blood IGF-1, 
leptin is depicted in Table 2.

DISCUSSION
Conflicting evidence regarding alterations of IGFs in 
preeclamptic pregnancies are available in literature. 
Vatten et al. observed an increase in IGF-1 from the first to 
second trimester associated with preeclampsia, which the 
authors concluded was the result of placental disease.[11] 
Contradicting these findings, Ning et al. reported a decrease 
in free IGF-1 levels in early pregnancy associated with the risk 
of developing preeclampsia.[12] Ingec et al. observed lowered 
IGF-1 levels in late pregnancy in women who developed 
moderate and severe preeclampsia and eclampsia.[13] Cooley 
et al. and Hübinette et al. reported that IGF-1 levels are not 
changed in women with preeclampsia.[14,15] Wilson et al. 
reported the higher concentration of IGF-1 in the third 
trimester, probably reflecting placental contribution.[16]

The present study demonstrated significantly decreased 
serum IGF-1 levels in preeclampsia mothers as compared to 
the normotensive mothers.

IGF-1 is mainly expressed at the maternal-fetal interface in 
early human pregnancy. The trophoblast columns express 

Table 2: Correlation between maternal and cord blood 
insulin‑like growth factor‑1 and leptin levels in both groups

Maternal versus cord blood (ng/ml) Group I Group II

r P r P

Insulin-like growth factor-1 −0.024 0.910 0.231 0.27
Leptin 0.407 0.044 0.687 <0.001
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There was a strong significant inverse correlation of maternal 
IGF-1 had with leptin levels in preeclamptic mothers. Cord 
blood IGF-1 also had a negative nonsignificant correlation 
with cord blood leptin levels in both groups. No correlation 
was noted between normotensive mother IGF-1 and leptin 
levels. However, Hartman et al. reported that no correlation 
existed between IGF-1 and leptin.[28]

Renal dysfunction occurs in pregnant women with 
preeclampsia, and decreased renal clearance may be 
responsible for high leptin levels in preeclamptic women. 
Decreased plasma volume sometimes seen in preeclampsia 
may have a role in the increase in serum leptin level by 
causing hemoconcentration.

IGF-1 had a negative correlation in normotensive mothers 
while it had a positive correlation in preeclamptics although 
none of the correlation was significant. Leptin had a 
significant positive correlation in both groups. McCarthy 
et al. found a strong correlation between the maternal 
plasma leptin concentrations and umbilical cord blood 
leptin concentrations in preeclampsia.[25]

Taking into account the lack of a correlation between the 
maternal and umbilical cord blood leptin levels during normal 
pregnancy, it may be stated that the fetoplacental leptin 
regulation is a noncommunicating, double-compartment 
model. However, in preeclampsia, the strong correlation 
between the maternal and fetal leptin concentrations is 
indicative of a change resulting in communication between 
the two compartments.[25]

Placental hypoperfusion produces local hypoxia which 
consequently augments leptin gene expression in the 
placenta.[8] Inflammatory mediators such as tumor 
necrosis factor-α and interlukin-6 increase plasma leptin 
concentration.[29] Since leptin activates the sympathetic 
nervous system and stimulates catecholamine secretion, it 
is plausible that elevated leptin levels in maternal circulation 
may aggravate hypertension.[30]

Thus, there are several possible explanations for higher 
leptin concentrations in pregnancies complicated by 
preeclampsia. The exact mechanism underlying the increase 
in circulating leptin concentration in preeclampsia awaits 
further clarification.

The present study showed a significant inverse correlation 
of maternal IGF-1 with leptin levels in preeclamptics and 
no correlation was noted between normotensive mother 
IGF-1 and leptin levels. Cord blood IGF-1 had a negative 
nonsignificant correlation with cord blood leptin levels 
in both groups Similarly, Lepercq et al. and Christou et al. 

did not find any correlation between IGF-1 and leptin in 
normotensive pregnancies.[31,32]

IGF-1 had a positive correlation with birth weight in both 
normotensive and hypertensive groups; however, it is 
statistically significant only in cord blood of normotensive 
mothers. Reduced placental perfusion pressure results 
in intrauterine growth restriction in offspring born 
of preeclamptic pregnancies.[20] Clinical studies have 
reported a deficit in circulating and cord blood IGF-1 
levels in intrauterine growth-restricted newborns and a 
correlation between IGF-1 levels and birth weight.[33,34] 
Studies report that high maternal levels of IGF-1 regulate 
fetal weight and divert nutrients from mother to fetus. 
Wang et al. showed that the mean serum IGF-1 levels in the 
small-for-gestational-age group were significantly higher 
than those in average-for-gestational-age neonates.[35] Since 
IGF-1 cannot cross the placenta, circulating IGF-I may only 
be a secondary reflection of local tissue events involved in 
fetal growth.

Leptin showed a positive correlation with birth weight 
in normotensive mothers but a negative correlation in 
hypertensive mothers in the present study. There are many 
reports of positive correlation of birth weight and leptin 
among normotensive pregnancies in the literature.[32] The 
basis of this correlation may be due to direct relationship 
between adipose tissue mass and circulating leptin 
concentrations, and also from the placental source of 
leptin production.[24,36] Moreover, cord leptin levels are 
decreased by conditions that lead to low birth weight, such 
as maternal smoking and prematurity.[37] Whether leptin is 
directly implicated in determining fetal growth, or it simply 
represents a marker for fetal nutrition and growth, remains 
to be shown by future interventional studies. Serum leptin 
level has been reported to decrease following expelling of 
placenta after delivery[8] indicating that leptin increase in 
preeclamptics is related to placental production. Increase in 
placental leptin production reflects placental hypoperfusion 
and/or hypoxia, and hypoxia increases placental leptin 
production by inducing expression of placental genes in 
trophoblastic cells.[37-39]

There is increasing evidence that the foundations of 
life-long health are, in part, laid in the uterus. It seems likely 
that IGF-1 and leptin play a central role in controlling fetal 
growth.[37-39]

CONCLUSION
Findings of the present study suggest that IGF-1 and leptin 
play a central role in controlling fetal growth.



Panjeta, et al.: IGF-1/Leptin in preeclampsia

Journal of Basic and Clinical Reproductive Sciences · July ‑ December 2016 · Vol 5 · Issue 298

Financial support and sponsorship
No financial assistance was available and no grant was 
received for this project.

Conflicts of interest
There is no conflicts of interest.

REFERENCES
1. Roberts JM, Taylor RN, Musci TJ, Rodgers GM, Hubel CA, 

McLaughlin MK. Preeclampsia: An endothelial cell disorder. Am J 
Obstet Gynecol 1989;161:1200-4.

2. Jones JI, Clemmons DR. Insulin-like growth factors and their binding 
proteins: Biological actions. Endocr Rev 1995;16:3-34.

3. Grobman WA, Kazer RR. Serum insulin, insulin-like growth factor-I, 
and insulin-like growth factor binding protein-1 in women who 
develop preeclampsia. Obstet Gynecol 2001;97:521-6.

4. Corcoran JJ, Charnock JC, Martin J, Taggart MJ, Westwood M. Differential 
effect of insulin like growth factor-I on constriction of human uterine 
and placental arteries. J Clin Endocrinol Metab 2012;97:2098-104.

5. Díaz E, Halhali A, Luna C, Díaz L, Avila E, Larrea F. Newborn 
birth weight correlates with placental zinc, umbilical insulin-like 
growth factor I, and leptin levels in preeclampsia. Arch Med Res 
2002;33:40-7.

6. Wolf HJ, Ebenbichler CF, Huter O, Bodner J, Lechleitner M, Föger B, et al. 
Fetal leptin and insulin levels only correlate inlarge-for-gestational 
age infants. Eur J Endocrinol 2000;142:623-9.

7. Pighetti M, Tommaselli GA, D’Elia A, Di Carlo C, Mariano A, Di Carlo A, 
et al. Maternal serum and umbilical cord blood leptin concentrations 
with fetal growth restriction. Obstet Gynecol 2003;102:535-43.

8. Mise H, Sagawa N, Matsumoto T, Yura S, Nanno H, Itoh H, et al. 
Augmented placental production of leptin in preeclampsia: 
Possible involvement of placental hypoxia. J Clin Endocrinol Metab 
1998;83:3225-9.

9. Yücel N, Göynümer FG, Bilgiç E, Omurcan C, Arslan T. Leptin values 
in maternal and umbilical cord blood in pregnant women with 
preeclampsia. Perinat J 2007;15:141-4.

10. Verhaeghe J, Pintiaux A, Van Herck E, Hennen G, Foidart JM, Igout A. 
Placental GH, IGF-I, IGF-binding protein-1, and leptin during a glucose 
challenge test in pregnant women: Relation with maternal body 
weight, glucose tolerance, and birth weight. J Clin Endocrinol Metab 
2002;87:2875-82.

11. Vatten LJ, Nilsen TI, Juul A, Jeansson S, Jenum PA, Eskild A. Changes 
in circulating level of IGF-I and IGF-binding protein-1 from the first 
to second trimester as predictors of preeclampsia. Eur J Endocrinol 
2008;158:101-5.

12. Ning Y, Williams MA, Vadachkoria S, Muy-Rivera M, Frederick IO, 
Luthy DA. Maternal plasma concentrations of insulinlike growth 
factor-1 and insulinlike growth factor-binding protein-1 in early 
pregnancy and subsequent risk of preeclampsia. Clin Biochem 
2004;37:968-73.

13. Ingec M, Gursoy HG, Yildiz L, Kumtepe Y, Kadanali S. Serum levels 
of insulin, IGF-1, and IGFBP-1 in pre-eclampsia and eclampsia. Int J 
Gynaecol Obstet 2004;84:214-9.

14. Cooley SM, Donnelly JC, Geary MP, Rodeck CH, Hindmarsh PC. 
Maternal insulin-like growth factors 1 and 2 (IGF-1, IGF-2) and IGF 
BP-3 and the hypertensive disorders of pregnancy. J Matern Fetal 
Neonatal Med 2010;23:658-61.

15. Hübinette A, Lichtenstein P, Brismar K, Vatten L, Jacobsen G, Ekbom A, 
et al. Serum insulin-like growth factors in normal pregnancy and in 
pregnancies complicated by preeclampsia. Acta Obstet Gynecol Scand 
2003;82:1004-9.

16. Wilson DM, Bennett A, Adamson GD, Nagashima RJ, Liu F, 
DeNatale ML, et al. Somatomedins in pregnancy: A cross-sectional 

study of insulin-like growth factors I and II and somatomedin peptide 
content in normal human pregnancies. J Clin Endocrinol Metab 
1982;55:858-61.

17. Han VK, Bassett N, Walton J, Challis JR. The expression of insulin-like 
growth factor (IGF) and IGF-binding protein (IGFBP) genes in 
the human placenta and membranes: Evidence for IGF-IGFBP 
interactions at the feto-maternal interface. J Clin Endocrinol Metab 
1996;81:2680-93.

18. Lacey H, Haigh T, Westwood M, Aplin JD. Mesenchymally-derived 
insulin-like growth factor 1 provides a paracrine stimulus for 
trophoblast migration. BMC Dev Biol 2002;2:5.

19. Gordon MC, Zimmerman PD, Landon MB, Gabbe SG, Kniss DA. 
Insulin and glucose modulate glucose transporter messenger 
ribonucleic acid expression and glucose uptake in trophoblasts 
isolated from first-trimester chorionic villi. Am J Obstet Gynecol 
1995;173:1089-97.

20. Ness RB, Sibai BM. Shared and disparate components of the 
pathophysiologies of fetal growth restriction and preeclampsia. Am J 
Obstet Gynecol 2006;195:40-9.

21. Baker J, Liu JP, Robertson EJ, Efstratiadis A. Role of insulin-like growth 
factors in embryonic and postnatal growth. Cell 1993;75:73-82.

22. Sferruzzi-Perri AN, Owens JA, Pringle KG, Robinson JS, 
Roberts CT. Maternal insulin-like growth factors-I and -II act via 
different pathways to promote fetal growth. Endocrinology 
2006;147:3344-55.

23. Bańkowski	 E,	 Pałka	 J,	 Jaworski	 S.	 Preeclampsia	 is	 associated	 with	
alterations in insulin-like growth factor (IGF)-1 and IGF-binding 
proteins in Wharton’s jelly of the umbilical cord. Clin Chem Lab Med 
2000;38:603-8.

24. 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. Nat Med 1997;3:1029-33.

25. McCarthy JF, Misra DN, Roberts JM. Maternal plasma leptin is 
increased in preeclampsia and positively correlates with fetal cord 
concentration. Am J Obstet Gynecol 1999;180(3 Pt 1):731-6.

26. Ouyang Y, Chen H, Chen H. Reduced plasma adiponectin and elevated 
leptin in pre-eclampsia. Int J Gynaecol Obstet 2007;98:110-4.

27. Sharma A, Satyam A, Sharma JB. Leptin, IL-10 and inflammatory 
markers (TNF-alpha, IL-6 and IL-8) in pre-eclamptic, normotensive 
pregnant and healthy non-pregnant women. Am J Reprod Immunol 
2007;58:21-30.

28. Hartmann BW, Wagenbichler P, Söregi G. Maternal and umbilical-cord 
serum leptin concentrations in normal, full-term pregnancies. N Engl 
J Med 1997;337:863.

29. Vince GS, Starkey PM, Austgulen R, Kwiatkowski D, Redman CW. 
Interleukin-6, tumour necrosis factor and soluble tumour necrosis 
factor receptors in women with pre-eclampsia. Br J Obstet Gynaecol 
1995;102:20-5.

30. Bartha JL, Romero-Carmona R, Escobar-Llompart M, Comino-Delgado R. 
The relationships between leptin and inflammatory cytokines in 
women with pre-eclampsia. BJOG 2001;108:1272-6.

31. Lepercq J, Lahlou N, Timsit J, Girard J, Mouzon SH. Macrosomia 
revisited: Ponderal index and leptin delineate subtypes of fetal 
overgrowth. Am J Obstet Gynecol 1999;181:621-5.

32. Christou H, Connors JM, Ziotopoulou M, Hatzidakis V, 
Papathanassoglou E, Ringer SA, et al. Cord blood leptin and insulin-like 
growth factor levels are independent predictors of fetal growth. J Clin 
Endocrinol Metab 2001;86:935-8.

33. Gluckman PD, Brinsmead MW. Somatomedin in cord blood: 
Relationship to gestational age and birth size. J Clin Endocrinol Metab 
1976;43:1378-81.

34. Burkhardt T, Matter CM, Lohmann C, Cai H, Lüscher TF, Zisch AH, 
et al. Decreased umbilical artery compliance and IGF-I plasma levels 
in infants with intrauterine growth restriction – Implications for fetal 
programming of hypertension. Placenta 2009;30:136-41.

35. Wang HS, Lim J, English J, Irvine L, Chard T. The concentration of 



Panjeta, et al.: IGF-1/Leptin in preeclampsia

Journal of Basic and Clinical Reproductive Sciences · July ‑ December 2016 · Vol 5 · Issue 2 99

insulin-like growth factor-I and insulin-like growth factor-binding 
protein-1 in human umbilical cord serum at delivery: Relation to fetal 
weight. J Endocrinol 1991;129:459-64.

36. Clapp JF 3rd, Kiess W. Cord blood leptin reflects fetal fat mass. J Soc 
Gynecol Investig 1998;5:300-3.

37. Mantzoros CS, Varvarigou A, Kaklamani VG, Beratis NG, Flier JS. 
Effect of birth weight and maternal smoking on cord blood leptin 
concentrations of full-term and preterm newborns. J Clin Endocrinol 

Metab 1997;82:2856-61.
38. Gluckman PD. Clinical review 68: The endocrine regulation of fetal 

growth in late gestation: The role of insulin-like growth factors. J Clin 
Endocrinol Metab 1995;80:1047-50.

39. Yang SW, Yu JS. Relationship of insulin-like growth factor-I, insulin-like 
growth factor binding protein-3, insulin, growth hormone in cord 
blood and maternal factors with birth height and birthweight. Pediatr 
Int 2000;42:31-6.

New features on the journal’s website

Optimized content for mobile and hand-held devices

HTML pages have been optimized of mobile and other hand-held devices (such as iPad, Kindle, iPod) for faster browsing speed.
Click on [Mobile Full text] from Table of Contents page.
This is simple HTML version for faster download on mobiles (if viewed on desktop, it will be automatically redirected to full HTML version)

E-Pub for hand-held devices 

EPUB is an open e-book standard recommended by The International Digital Publishing Forum which is designed for reflowable content i.e. the 
text display can be optimized for a particular display device.
Click on [EPub] from Table of Contents page.
There are various e-Pub readers such as for Windows: Digital Editions, OS X: Calibre/Bookworm, iPhone/iPod Touch/iPad: Stanza, and Linux: 
Calibre/Bookworm.

E-Book for desktop

One can also see the entire issue as printed here in a ‘flip book’ version on desktops.
Links are available from Current Issue as well as Archives pages. 
Click on  View as eBook


