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Abstract OBJECTIVE: The dysregulation of adiponectin and leptin is found in insulin 
resistance. There is evidence that both cytokines and insulin might contribute to 
the placental development and the fetal growth. The objective of this study was to 
evaluate the relationship of maternal plasma cytokine and insulin concentrations 
with the placental dimension in the first trimester of pregnancy.
Methods: 34 women with singleton pregnancy, between 11th and 14th weeks, 
were included to the study. Plasma levels of adiponectin, leptin, insulin and glu-
cose were quantified with ultrasound measurements of the placenta. HOMA-IR 
were calculated to assess the insulin sensitivity.
Results: Mean concentrations of adiponectin, leptin and insulin were 
18,39 ± 13.99 µg/ml; 6.99 ± 5.67 ng/ml and 43.98 ± 23.89 pmol/l respectively. The 
placenta thickness was positively associated with the maternal adiponectin plasma 
concentration (r=0.36; p=0.037). There were no associations between placental 
measurements and leptin, fasting insulin, fasting glucose and HOMA-IR. There 
was not significant correlation between placental measurements and the fetal 
Crown Rump Length (CRL).
Conclusions: The results of this study imply that maternal adiponectin plasma 
concentration may have a role in placental growth.
 

Introduction

Normal anatomy and function of placenta deter-
mines proper fetal development. Trophoblast 
invasion into blood vessels in the first trimester 
of pregnancy establish appropriate fetal growth 
during second and third trimester of pregnancy. 
According to available data there is a correlation 
between placental size assessed in 12 weeks of ges-
tation or later and intrauterine fetal growth restric-

Abbreviations:
AGA	 - appropriate for gestation age
BMI 	 - body mass index
BPD	 - biparietal diameter
CRL 	 - crow-rump length
GDM	 - gestational diabetes mellitus
ECLIA 	 - electrochemiluminescence immunoassay
HOMA-IR 	 - homeostasis  model assessment - insulin 
		  resistance
IUGR 	 - intrauterine growth retardation
SGA	 - small for gestation age
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tion and preeclampsia (Hafner et al. 2003). On the other 
hand fetal overgrowth in pregnancies complicated 
by diabetes is considered to be related with increased 
placental transport (Jansson et al. 2006). Recent stud-
ies provide evidence that placental transport is mainly 
regulated by insulin concentrations (Jansson et al. 2003; 
Ericsson et al. 2005). There is also a correlation between 
insulin resistance and placental gene expression result-
ing in increased production and transport of lipids 
(Jansson et al. 2006).

Recent studies suggest that some of the adipokines 
may promote insulin’s actions (adiponectin) while the 
others antagonise it (TNFα, IL-6, leptin) (Catalano et 
al. 2006). There is evidence that cytokines and insulin 
might contribute to the placental development (Lappas 
et al. 2005). The objective of this study was to evaluate 
the relationship of maternal plasma adiponectin, leptin 
and insulin concentrations with the placental dimen-
sion in the first trimester of pregnancy.

Material and Methods

34 healthy women with singleton pregnancy were 
enrolled in the study. The study was approved by Ethi-
cal Committee of Warsaw Medical University and all 
the patients consented prior to enrollment. BK Medi-
cal ultrasound system was used for obstetric ultrasound 
that included fetal biometry (crow-rump length (CRL), 

biparietal diameter (BPD)) and placental measurements 
(thickness, longitudinal diameter and area) between 11 
and 14 weeks of gestation. Fasting blood samples were 
obtained just before ultrasound exam. Blood was cen-
trifuged and partially used for immediate glucose and 
insulin measurements. The HOMA-IR were calculated 
(fasting insulin (µU/ml) × fasting glucose (mmol/l 
/22.5) to assess the insulin sensitivity. The rest of the 
serum was frozen at –70 °C for further measurements 
(adipokines). Adiponectin and leptin concentrations 
were measured by ELISA kits: Human Adiponectin/
Acrp30 and Human Leptin Quantikine Kit (RnD Sys-
tems, Minneapolis, USA). For insulin assessment elec-
trochemiluminescence immunoassay (ECLIA) kit and 
Elecsys Systems analyzer (Roche) was used. Statistical 
analysis was performed using Statgraphics Centurion 
XV software. For finding associations between placen-
tal measurements and adipocytokines, fasting insulin 
and insulin resistance we used Pearson’s correlations. 
Because adiponectin, leptin and insulin concentration 
results were significantly skewed, normal logarithmic 
transformation of the data was used for uni-variable and 
multiple-variable analysis, to achieve it’s normal distri-
bution, with results back- transformed for presentation. 

Results 

The plasma concentration of adipokines, insulin and 
HOMA-IR in women at the first trimester of pregnancy 
are shown in Table 1. The maternal adiponectin plasma 
concentration was positively associated with placenta 
thickness (r=0.36; p=0.037), with no relation to the 
longitudinal diameter and placental area (data partially 
shown in Figure 1). On Pearson’s correlation analysis we 
found no associations between and placental measure-
ments and leptin, fasting insulin, fasting glucose and 
HOMA-IR. Placental measurements and plasma adipo-
kines had not significant variability between 11 and 14 
weeks of pregnancy, described by the number of days 
from the last period. There was also not significant cor-
relation between placental measurements and the fetal 
crown rump length (CRL). No association was found 
between placental measurements in the first trimester 
and neonatal birth weight or birth weight percentile.

Discussion

Placenta has an endocrine and transporting functions 
and therefore determines physiological fetal growth. 
Abnormalities in placental anatomy and function may 
result in intrauterine growth restriction as well as fetal 
overgrowth. Hypotrophic and macrosomic fetuses are 
more likely to develop hypertension and diabetes in 
adolescence (Barker et al. 1993). This study shows cor-
relation between adiponectin concentrations in physi-
ological pregnancies and placental thicknes assesed 
in late first trimester. Adiponectin concentration does 
not change during pregnancy and is considered to be 

Tab. 1. Plasma concentration of adipokines, insulin and HOMA-R in 
women at first trimester of pregnancy. (mean values followed by 
range in parentheses).

Adiponectin [µg/ml] 18.39 (1.84-74.30)

Leptin [ng/ml] 6.99 (1.14-25.47)

Insulin [pmol/l] 43.98 (10.19-131.81)

HOMA-IR * 1.16 (0.3-3.8)

* [fasting insulin (uU/ml) × fasting glucose (mmol/l )/22.5]
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Fig. 1. Placental thickness correlation to adiponectin logarithm.
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a protective factor in regulation of normal fetal growth 
(Mazaki-Tovi et al. 2007). It has been reported that adi-
ponectin levels are lower in women with intrauterine 
growth restriction (IUGR) fetuses when compared to 
women with appropriate for gestational age (AGA) foe-
tuses (Kyriakakou et al. 2008). Also D’Anna et al (2005) 
demonstrated the lower adiponectin levels in preg-
nancy complicated by hypertension and IUGR. In con-
trast the preeclamptic women have higher adiponectin 
concentrations than normotensive pregnant women in 
Kajantie et al. study (2005). The early pregnancy hypoa-
diponectemia was also associated with gestational dia-
betes development (Cseh et al. 2004, Lain et al. 2005, 
Worda et al. 2004). 

According to recent studies there is a correlation 
between increased placental dimensions in second and 
third trimester of pregnancy and fetal growth restriction 
as well as increased fetal growth (Elchalal et al. 2000). 
Placental volume assessment in subsequent trimesters 
showed decreased dynamics of placental development 
in SGA fetuses only before 12 weeks of pregnancy. In 
patients with preeclampsia decreased placental devel-
opment was observed after 16 weeks of gestation (Met-
zenbauer et al. 2001). Increased placental volume is 
observed in pregnancies complicated by gestational 
diabetes as well as significantly increased ratio of pla-
cental volume to birth weight (Lao et al. 1997). Nelson 
et al. (2008) proved positive correlation between adi-
ponectin concentrations and fetal-weight to placental-
weight ratio in type-1 diabetes complicated pregnancy. 
It seems that abnormal relation between adiponectin 
concentration and placental development in the first 
trimester of pregnancy is related with increased risk of 
IUGR, preeclampsia and fetal macrosomy in the second 
and the third trimester of gestation. During the first tri-
mester of gestation there is a physiological increase of 
tissue sensitivity to insulin resulting in increase in fat 
tissue accumulation in pregnant women. According to 
available data insulin is an important factor in regula-
tion of placental transport (Jansson et al. 2003; Ericsson 
et al. 2005). The tissue sensitivity to insulin increase in 
subsequent trimesters of pregnancy. There is a relation 
between tissue sensitivity to insulin and placental genes 
expression resulting in increased placental production 
and transport of lipids (Jansson et al. 2006). Leptin is 
considered to be responsible for increase of tissue sen-
sitivity to insulin in pregnancy. According to recent 
studies leptin concentration is related to fetal growth 
restriction. 

Leptin concentration is significant increase in GDM 
pregnancies (Kautzky-Willer et al. 2001). Decrease in 
leptin concentration in small for gestational age (SGA) 
when compared to AGA neonates have been shown in 
other studies (Pighetti et al. 2003; Catov et al. 2007). 
In our analysis we found no associations between and 
placental measurements in the first trimester of preg-
nancy and leptin, fasting insulin, fasting glucose and 
HOMA-IR. It seems that leptin dependant increase of 

tissue sensitivity to insulin in second and third trimes-
ter of pregnancy (which may be observed in patients 
with preeclampsia and gestational diabetes) results in 
abnormal placental function. That was also observed as 
a decreased development of placental volume in women 
with preeclampsia after 16 weeks of gestation (Hafner et 
al. 2003). Metzenbauer et al. (2001) showed poor rela-
tion between volume of placenta and CRL in the first 
trimester of pregnancy. It is probable that because of 
relatively small study group such relation could not be 
confirmed with two-dimensional ultrasound measure-
ment of the placenta in this research. There was no 
relation between placental dimensions and gestational 
weeks calculated from last menstrual period. 

REFERENCES

1 	 Barker DJ, Hales CN, Fall CH, Osmond C, Phipps K, Clark PM 
(1993).Type 2 (non-insulin-dependent) diabetes mellitus, hyper-
tension and hyperlipidaemia (syndrome X): relation to reduced 
fetal growth. Diabetologia. 36: 62–67.

2 	 Catalano PM, Hoegh M, Minium J, Huston-Presley L, Bernard S, 
Kalhan S, Hauguel-De Mouzon S (2006). Adiponectin in human 
pregnancy: implications for regulation of glucose and lipid 
metabolizm. Diabetologia. 49: 1677–1685.

3 	 Catov JM, Patrick TE, Powers RW, Ness RB, Harger G, Roberts 
JM (2007). Maternal leptin across pregnancy in women with 
small for gestational age infants. Am J Obstet Gynecol. 196: 
558e1–558e8.

4 	 Cseh K, Baranyi E, Melczer Z, Kaszas E, Palik E, Winkler G (2004). 
Plasma adiponectin and pregnancy-induced insulin resistance. 
Diabetes Care. 27: 274–275.

5 	 D’Anna R, Bavier G, Corrado F,Giordano D, Di Benedetto A, 
Jasonni VM (2005). Plasma adiponectin concentration in early 
pregnancy and subsequent risk of hypertensive disorders. 
Obstet Gynecol. 106: 340–344.

6 	 Elchalal U, Ezra Y, Levi Y, Bar-Oz B, Yanai N, Intrator O, Nadjari M 
(2000). Sonographically thick placenta: a marker for increased 
perinatal risk – a prospective cross-sectional study. Placenta. 21: 
268–272.

7 	 Ericson A, Hamark B, Powell TL, Jansson T (2005) Glucose trans-
porter isoform 4 is rxpressed in syncytitrophoblast of first tri-
mester human placenta. Hum Rerod. 20: 521–530.

8 	 Hafner E, Metzenbauer M, Hofinger D, Munkel M, Gassner R, 
Schuchter K, Dillinger-Paller B, Philipp K (2003). Placental growth 
from the first to the second trimester of pregnancy in SGA-
foetuses and pre-eclamptic pregnancies compared to normal 
foetuses. Placenta. 24: 336–342.

9 	 Jansson N, Greenwood S, Johansson BR, Powell TL, Jansson T 
(2003). Leptin stimulates system A activity in human placenta 
villous fragments. J Clin Endocrinol Metab. 88: 1205–1211.

10 	Jansson T, Cetin I, Powell L, Desoye G, Radaelli T, Ericsson A, 
Sibley CP (2006). Placenta transport and metabolism in fetal 
overgrowth – a workshop report. Placenta. 27: S109–S113.

11 	Kajantie E, Kaaja R, Ylikorkala O, Andersson S, Laivuori H (2005). 
Adiponectin concentrations in maternal serum: elevated in 
preeclampsia but unrelated to insulin sensitivity. J Soc Gynecol 
Investig. 12: 433–439.

12 	Kautzky-Willer A, Pacini G, Tura A, Bieglmayer C, Schneider B, 
Ludvik B, Prager R, Waldhäusl W (2001). Increased plasma leptin 
in gestational diabetes. Diabetologia. 44: 164–72.

13 	Kyriakakou M, Malamitsi-Puchner A, Militsi H, Boutsikou T, 
Margeli A, Hassiakos D, Kanaka-Gantenbein C, Papassotiriou I, 
Mastorakos G(2008) Leptin and adiponectin concentrations in 
intrauterine growth restricted and appropriate for gestational 
age fetuses, neonates, and their mothers. Eur J Endocrinol. 158: 
343–8.



576 Copyright © 2010  Neuroendocrinology Letters  ISSN 0172–780X  •  www.nel.edu

Dorota A. Bomba-Opon, Miroslaw Wielgos, Edyta Horosz, Robert Bartkowiak, Przemyslaw Kosinski, Katarzyna Bochenska

14 	Lain KY, Daftary AR, Ness RB, Roberts JM (2008). First trimester 
adipocytokine concentrations and risk of developing gestational 
diabetes later in pregnancy. Clin Endocrinol. 69: 407–11.

15 	Lao TT, Lee CP, Wong WM. (1997) Placental weight to birthweight 
ratio is increased in mild gestational glucose tolerance. Placenta. 
24: 343–7.

16 	Lappas M, Yee K, Permezel M, Rice GE (2005). Release and regu-
lation of leptin, resistin and adiponectin from human placenta, 
fetal membranes, and maternal adipose tissue and skeletal 
muscle from normal and gestational diabetes mellitus-compli-
cated pregnancies. J Endocrinol. 186, 457–465.

17 	Mazaki-Tovi S, Kanety H, Pariente C, Hemi R, Wiser A, Schiff E, 
Sivan E (2007). Maternal serum adiponectin levels during human 
pregnancy. J Perinat. 27: 77–81.

18 	Metzenbauer M, Hafner E, Hoefinger D, Schuchter K, Stagl G, 
Ogris E, Philipp K (2001). Three-dimensional ultrasound mea-
surement of the placenta volume in early pregnancy: method 
and correlation with biochemical placenta parameters. Placenta. 
22: 602–605.

19 	Nelson SM, Freeman DJ, Sattar N, Lindsay RS(2008). Role of adi-
ponectin in matching of fetal and placental weight in mothers 
with type-1 diabetes. Diabetes Care. 31: 1123–1125.

20 	Pighetti M, Tommaselli GA, D’Elia A, Di Carlo C, Mariano A, Di 
Carlo A, Nappi C (2003). Maternal serum and umbilical cord 
blood leptin concentrations with fetal growth restriction. Obstet 
Gynecol. 102: 535–543.

21 	Ramsay JE, Jamieson N, Greer IA, Sattar N (2003). Paradoxical 
elevation in adiponectin concentrations in women with pre-
eclampsia. Hypertension. 42: 891–894.

22 	Worda C, Leipold H, Gruber C, Kautzky-Willer A, Knofler M, 
Bancher-Todesca D (2004). Decreased plasma adiponectin con-
centrations in women with gestational diabetes mellitus. Am J 
Obstet Gynecol.191: 2120–2124.


