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Obesity in pregnancy: a
novel concept on the roles
of adipokines in uterine
contractility

Obesity is a global health problem even among pregnant
women. Obesity alters quality of labor, such as preterm la-
bor, prolonged labor, and higher oxytocin requirements
in pregnant women. The most important factors to play
a role in the altered gestational period and serve as drug
targets to treat the consequences are female sexual hor-
mones, calcium channels, adrenergic system, oxytocin,
and prostaglandins. However, we have limited information
about the impact of obesity on the pregnant uterine con-
tractility and gestation time. Adipose tissue, which is the
largest endocrine and paracrine organ, especially in obes-
ity, is responsible for the production of adipokines and vari-
ous cytokines and chemokines, and there are no reliable
data available describing the relation between body mass
index, glucose intolerance, and adipokines during preg-
nancy. Recent data suggest that the dysregulation of lep-
tin, adiponectin, and kisspeptin during pregnancy contrib-
utes to gestational diabetes mellitus and pre-eclampsia. A
preclinical method for obese pregnancy should be devel-
oped to clarify the action of adipokines and assess their im-
pact in obesity. The deeper understanding of the adipok-
ines-induced processes in obese pregnancy may be a step
closer to the prevention and therapy of preterm delivery
or prolonged pregnancy. Gestational weight gain is one of
the factors that could influence the prenatal development,
birth weight, and adiposity of newborn.
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Obesity is a global health problem among pregnant wom-
en and an increasing problem in medical practice (1,2). The
most negative consequence of obesity is the development
of chronic low-grade metabolic inflammation, which can
lead to other pathologic conditions (3). Obesity increases
the risks of infertility and complications of delivery. In addi-
tion, it is not only associated with maternal morbidity, but
also causes deleterious health consequences in the off-
spring (4-6). Obesity may alter the pregnant uterine con-
tractility and hence make the gestation period shorter or
longer (7) (Table 1).

TABLE 1. Weeks of preterm, term, and postterm birth (7)

Classification of birth Gestational period (weeks)

Preterm 22-36
Late preterm 34-36
Term 37-41
Early term 37-38
Full term 39-41
Postterm 42 or greater

Preterm delivery (PD) is childbirth before 37 weeks but af-
ter 22 weeks of gestation (8,9). Approximately 15 million
babies are preterm worldwide, the rates varying across
countries (10). The rate of singleton preterm births seems
to decrease slightly and remains below 6% in many Euro-
pean countries (11). However, in Austria, Belgium, Cyprus,
Hungary, Germany, or Romania, the preterm birth rate is
still close to or slightly beyond 10% (12).

The previous RECOOP HST Association study identified
body mass index as one of the most significant factors
associated with preterm births in Central and Eastern Eu-
rope (13).

Postterm pregnancy (PP), also called late-term and post-
term pregnancy, is a gestational period longer than 42
completed weeks from the last menstrual period. The fre-
quency of PPs is highly variable, between 0.5% and 10%,
and shows great differences among the countries. Paternal
genetics, maternal height, obesity, and male fetal gender
are among the factors that may have impact on PP (14).
Although the PP incidence shows an increasing tendency,
this type of disorder is still depreciated (15).

The exact process of PD is not clear. Decidual hemor-
rhage, cervical incompetence, uterine distortion, cervical
and maternal inflammation, hormonal changes, utero-
placental insufficiency, preeclampsia, multiple gesta-
tion, maternal periodontal disease, and fetal disorders are

among the factors that may lead to PD. Additional factors
are overweight or underweight before or during preg-
nancy, hypertension, gestational diabetes, blood clotting
disorders, in vitro fertilization, extreme maternal age (less
than 17 or more than 35 years old), nonwhite race, and
poverty (13,16).

The risks factors of PP are not clarified. Recently, the obesity
is the only one risk factor of PD that is supposed to be pre-
ventable (17). The prevention and treatment of PP is also a
challenge in obstetrics because it has many adverse fetal
outcomes with either reduced or normal uteroplacental
functions (18). German Birth Cohort Studies in newborns
and mothers observed statistically significant associations
between gestational weight gain (GWG) starting in the
second trimester and newborn cord blood and post-deliv-
ery maternal serum leptin (19).

PHYSIOLOGICAL FACTORS AND THERAPEUTIC TARGETS
OF PREGNANT UTERINE CONTRACTION

Female sexual hormones

The majority of the mechanisms that lead to delivery are
under the control of estrogen and progesterone. Proges-
terone maintains pregnancy by reducing the resting tone
of the pregnant myometrium. The estrogen-to-proges-
terone ratio determines the contractility of the pregnant
myometrium. Estrogen enhances, while progesterone re-
duces the ability to contract (20). It was proved that the
high plasma level of progesterone restores the function
of 3,-adrenergic receptors at the end of pregnancy (21).
On the other hand, progesterone has anti-inflammatory
effect that may have high physiological and therapeutic
importance in the inflammatory approach to PD (22). The
sexual hormones influence the expressions of aquaporin
5 proteins and may be potential prognostic factors in the
presence of symptoms of threatened premature labor
(23). The benefit of the preventive administration of 17-
alpha-hydroxyprogesterone caproate-(17-OHPC) in high
risk PD was proved by several randomized controlled tri-
als; however, the evidence for better neonatal outcomes
are not absolutely convincing (24). Pharmacogenomic
studies proved that women with a special single nucle-
otide polymorphism in the progesterone receptor gene
are at increased risk of PD during 17-OHPC therapy (25).
The disturbance of the nuclear co-regulatory factor of
the progesterone receptor and the subsequent low
sensitivity of the receptors was proved in the uterine
samples from PP (26).
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Calcium channels

Voltage-dependent L-type calcium channels are crucial
in the control of pregnant myometrial contractions. Every
alteration in the myometrial contractility has an impact
on the function of calcium channels and calcium influx
into the myometrial cells. Sexual hormones can alter the
isoforms of voltage-dependent L-type calcium channels,
which may influence contractility and pharmacological
reactivity (27). Calcium channel blockers inhibit calcium
re-uptake via these channels and induce smooth muscle
relaxation. Nifedipine is one of the most frequently used
calcium channel blockers for preterm birth with a better
side effect profile as compared with {3,-adrenergic ago-
nists (28,29).

Adrenergic system

Alpha-adrenergic receptors are responsible for uterine
contraction, while B -adrenergic receptors meditate relax-
ation in the pregnant myometrium. Different types of al-
and a2-adrenergic receptor blockers have been investi-
gated as potential tocolytics, but none of them have been
tried in the clinical practice (30-33). The special adrenergic
denervation of the pregnant myometrium also contributes
to the changes in contractility (34). 3,-adrenergic agonists
relax the smooth muscle by elevating the intracellular level
of cyclic AMP, leading to the phosphorylation of the Ca?*
channels. A-kinase anchoring proteins (AKAPs) — protein ki-
nase A (PKA) disruptors — enhance the relaxing effect of 3,-
adrenergic agonists (35). The combination of § -adrenergic
agonists with Ca?* channel blockers (36) and phosphodi-
esterase inhibitors (37) were also investigated in preclini-
cal conditions and beneficial co-actions were found. The
effectiveness of the therapy with beta-mimetics influences
the genotype of the 3 -receptor. The first study that inves-
tigated the pharmacogenetics of {3 -adrenergic receptor
agonist therapy in the preterm labor found that Arg16 ho-
mozygosity improved the efficacy of B -adrenergic recep-
tor agonist-induced tocolysis (38).

Oxytocin

Oxytocin and oxytocin sensitivity of the pregnant myome-
trium are equally important in the initiation of both term
and non-term deliveries (39). The inhibition of the oxytocin
receptor reduces the calcium influx and inhibits the preg-
nant myometrial contractions (40). Oxytocin antagonists,
like atosiban, act both at oxytocin and vasopressin 1A
receptors (24). The induction of labor always requires
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external oxytocin in case of weak myometrial contractions.
Oxytocin is routinely used labor induction at 41 weeks and
later in case of ripe cervix. In prolonged labor, the admin-
istration of oxytocin has importance in reducing the need
for cesarean section (41).

Prostaglandins

Cyclooxygenases (COXs) produce prostaglandins that in-
duce myometrial contractility and cervical ripening and
are crucial for the initiation and completion of labor. Pros-
taglandins E, and E, reduce the dose of oxytocin for labor
induction, although prostaglandin E, alone did not show
a significant increase in pregnant myometrial activity (42).
For this reason, prostaglandin E, analogue, misoprostol,
is used for labor induction (43). When cervical conditions
are not optimal, the administration of prostaglandin E, is
recommended to decrease the oxytocin dose (14). COXs
inhibitors, such as indomethacin, can be used for tocoly-
sis, although several fetal side effects should be taken into
consideration; therefore, their prolonged use is not recom-
mended (44).

THE IMPACTS OF MATERNAL OBESITY ON PREGNANCY

In contrast to pregnant women of normal weight, insulin
resistance is higher in obese pregnant women. During the
last trimester, the levels of maternal circulating lipid, trig-
lycerides, low- and high-density lipoproteins, and choles-
terol are significantly elevated. Maternal circulating amino
acid concentrations are also modified due to the higher
protein synthesis for fetal development and placental
growth. According to these metabolic changes, lipogen-
esis is dominant in early gestation and lipolysis in late ges-
tation in women with normal body weight. On the other
hand, the gestational weight gain is only accompanied by
lipolysis, suggesting the exposure of fetus to increased free
fatty acids during fetal development (45-47).

Gestational weight gain can lead to the higher incidence of
spontaneous miscarriage and congenital abnormalities, such
as neural tube defects or congenital heart failure (47). In later
gestation, hypertension, preeclampsia, and gestational dia-
betes mellitus are clinically observed (48). However, several
studies demonstrated that gestational weight gain even can
lead to PP (49,50). The subsequent macrosomia is associated
with higher incidence of labor induction and cesarean sec-
tion. However, small for gestational age was also more com-
mon in obese pregnancies (5). The effect of maternal obe-
sity may also seem contradictory considering the placental
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weight. It was found that obesity increases placental weight
and hypertrophy and this is positively correlated with birth
weight (50,51). Other animal studies, however, showed that
gestational high-fat diet reduces prenatal development and
alters the placental structure (47). Gestational weight gain
is also accompanied by a higher incidence of deep venous
thrombophlebitis, hemorrhage after labor, breast-feeding
difficulty, postpartum depression, and infections. However,
infection is very rare in gestational obesity (5,49). The long-
term childhood implications include obesity, type 2 diabe-
tes mellitus, respiratory tract infections, chronic lung disease,
bronchial asthma, and chronic obstructive pulmonary dis-
ease (52). There are many consequences of maternal obesity
during pregnancy (Table 2).

METABOLIC REGULATION OF HUMAN MYOMETRIAL
FUNCTION DURING PREGNANCY

Adipose tissue becomes a very significant endocrine
and paracrine organ in obesity. It is responsible for the
production of adipokines and various cytokines and
chemokines. Adipokines play an important role in hemo-
stasis, lipid degradation, blood pressure control, athero-
sclerosis, insulin sensitivity, and angiogenesis. In addition,
some adipokines are responsible for the immune and in-
flammation responses (53,54). The potential modulation
of contractility by cytokines and inflammatory process-
es plays a significant role in the changes in pregnancy
and gestational age (55). The expanding adipose tissue
increases the chronic low-grade inflammation cytokines
productions via immune cells. This process induces in
metabolic complications (56). The adipose tissue func-
tions are controlled via the brain, since many neuropep-
tides and neurotrophic factors and their receptors are ex-
pressed in both adipose tissue and the central nervous
system (53). Since adipokines influence the central and
peripheral hypothalamic-pituitary-gonadal axis, adipose
tissue is involved in the onset of puberty, the regulation of
sexual behavior and fertility, their adaptation to the avail-
ability of energy, and the size of fat (3). Leptin, resistin, tu-

TABLE 2. Complications of maternal obesity*

mor necrosis factor-alpha, omentin-1, chemerin, ghrelin,
visfatin, interleukin-6, kisspeptin, and adiponectin belong
to the adipokines (57). Recent data suggest that the dys-
regulation of leptin, adiponectin, and kisspeptin during
pregnancy contributes to diabetes mellitus and pre-ec-
lampsia (54). In addition, obesity was demonstrated to
be accompanied by the decreased level of adiponectin
and the increased expression of leptin and kisspeptin (58);
therefore, there is a growing interest in these adipokines
concerning obesity and pregnancy.

Leptin

Leptin, a 16 kDa protein, plays an important role in the
regulation of food intake and energy consumption. It re-
duces appetite by stimulating the hypothalamic leptin
receptor (Ob-Rb) (58); therefore, dysfunction of the hy-
pothalamus or leptin signaling deficiencies may contrib-
ute to the development of increased body weight. Leptin
was also demonstrated to influence reproductive func-
tion (59). The expression of leptin and Ob-Rb mRNAs and
proteins was demonstrated in human endometrium and
placental trophoblast (60), suggesting the role of leptin in
the implantation process. It was also demonstrated that
leptin stimulates human trophoblast invasion due to its
effect on matrix metalloproteinase (MMP)-2 and MMP-9,
which play an important role in implantation (61). The
serum concentration of leptin is significantly increased
during pregnancy and decreased after birth, revealing an
important role during gestation. It also takes part in pla-
cental nutrient transfer (62). Two independent German
cohort studies provided evidence on the robust asso-
ciation among GWG, fetal-maternal leptin, and fetal de-
velopment, along with the long-term consequences of
hypo- and hyper-leptinemia during pregnancy (19). Lep-
tin was demonstrated to have relaxing effect on isolat-
ed human and rat myometria (62,63). The dysregulation
of leptin also can lead to infertility. Leptin deficient mice
were described to have high rates of insulin resistance
and infertility (58).

Maternal complications

Fetal outcomes

Childhood outcomes

PD, PP stillbirth obesity
Dystocia fetal and neonatal death hypertension
Cesarean section macrosomia type 2 diabetes mellitus

Gestational diabetes mellitus
Hypertension
Eclampsia

fetal growth restriction
congenital abnormalities

respiratory tract infection
bronchial asthma
COPD

*Abbreviations: PD - preterm delivery; PP — prolonged pregnancy; COPD - chronic obstructive pulmonary disease.
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Adiponectin

Adiponectin plays an important role in insulin sensitivity
and inflammation. It circulates in the blood in high con-
centrations, as the most abundant adipokine in the circu-
lation. It has an effect on the liver, the skeletal muscle and
the vascular system, improves hepatic insulin sensitivity
and decreases vascular inflammation (64). Adiponectin
acts on different adiponectin receptors. AdipoR1 is local-
ized in the skeletal muscle and stimulates AMPK and leads
to lipid oxidation. AdipoR2 can be found in the liver and
increasing susceptibility for insulin. The third receptor, t-
cadherin (or adiponectin-binding protein) can be found
in the endothelium and the smooth muscle (58,64,65).
Contrary to leptin, the serum level of adiponectin is in-
versely correlated with obesity, hypertension, serum lipids
and coronary artery disease (66). Decreased adiponectin
level is responsible for the development of type 2 dia-
betes mellitus. The adiponectin level decreases progres-
sively during normal pregnancies, probably in response
to reduced insulin sensitivity, and a higher degree of de-
crease can be detected in pregnant women with obesity
or gestational diabetes mellitus (67). Although the signal-
ing pathway of adiponectin (AMPK) has been identified
as a mechanism important to the myometrium, no infor-
mation is available about the adiponectin effect on uter-
ine contractility.

Kisspeptin

The hypothalamic hormone kisspeptin was first discov-
ered as a metastasis suppressor peptide. It was shown lat-
er that it plays an important role in sexual maturation and
pubertal development. It binds to the kisspeptin receptor
(KISSTR). The deficiency of kisspeptin can lead to idiopath-
ic hypogonadotropic hypogonadism with low level of
sexual steroids and gonadotropin hormones, as kisspeptin
modifies the secretion of GnRH and increases the level of
LH and FSH directly (68-70). It was also demonstrated that
there are more kisspeptin neurons in the female than male
rodent hypothalamus. Kisspeptin is essential in placental
and fetal developments. The level of kisspeptin is elevated
during gestation. In addition, high placental expression of
KISSTR and kisspeptin has been found in the first trimester
(68). Low kisspeptin levels in early pregnancy were found
to be accompanied by small gestational weight and re-
current pregnancy loss (71). Obesity alters the expression
of KISSTR and kisspeptin regulates glucose homeostasis
and can influence the body weight (69,72). Kisspeptin

as a neuropeptide is also produced by adipose tis-
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sue (73). Mice models of obesity and type 2 diabetes mel-
litus revealed increased hepatic kisspeptin expression and
kisspeptin plasma levels. Human liver samples from type
2 diabetes patients showed increased kisspeptin produc-
tions. A growing number of experiments demonstrate
that leptin action on GnRH neurons is mediated by kiss-
peptin. GNRH neurons express the KISSR1, while Ob-Rb is
present in kisspeptin neurons in the hypothalamus (3). Ac-
cording to this data, obesity can lead to the overexpres-
sion of these adipokines, which can lead to pathophysi-
ological changes.

UTERINE CONTRACTILITY IN OBESE WOMEN

According to our recent knowledge, obesity can lead to
both premature birth and increased incidence of cesarean
section, while weight gain mainly leads to poor myome-
trial contractility (74). Although there are several studies
focusing on the correlation between obesity and the in-
creased prevalence of cesarean section, the exact underly-
ing mechanisms and pathogenesis of the poor myometrial
contractility are still questioned.

Increased body weight is positively correlated with in-
creased blood cholesterol level and responsible for
changes in myometrial contractility (74,75). Cholesterol is
an essential component in the cell membranes. Several
components, which are vital in the regulation of smooth
muscle signaling pathway, are localized in cholesterol-rich
parts of the cell membrane, such as caveolae (76). In ani-
mal model, a high-fat high-cholesterol diet decreased the
expressions of connexin-43 and caveolin-1 (myometrial
contraction-associated proteins), but it increased the ex-
pression of COX-2, which can lead the poor myometrial
contractility during obesity (77,78). The high-fat high-cho-
lesterol diet was also found to increase the expression of
the oxytocin receptor (79), but the existing data are con-
tradictory about the influence of obesity on this receptor
(80). The high-fat high-cholesterol diet also resulted in el-
evated plasma progesterone level at term, which may also
give an evidence for the poor contractility during obesity
(79). Decreased cervical ripening was also observed dur-
ing obesity (81,82). Increased leptin in obesity can induce
adipose and placental PGE, release contributing to in-
flammatory processes. It also disrupts collagen degrada-
tion and apoptosis. In addition, it promotes cervical col-
lagen synthesis in late gestation, which can also result in
delayed labor (50). Leptin also inhibits spontaneous and
agonist induced uterine contractions on isolated human
and rat myometrium (62,63).
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CONCLUSIONS

Gestational weight gain is an important factor during early
fetal development and may influence long-term health of
newborns. There is an emerging need to clarify the impacts
of obesity and adipose tissue-produced adipokines (leptin,
adiponectin, kisspeptin) in pregnancy. A preclinical meth-
od for obese pregnancy should be worked out to clarify
the action of adipokines and assess their impact in obesity.
Meanwhile, a clinical investigation should be launched in
parallel to reveal the character and the mechanisms of the
obesity-induced alteration in gestation length and myo-
metrial contractility. The deeper understanding of the adi-
pokines-induced processes in obese pregnancy may be a
step closer to the prevention and therapy of preterm deliv-
ery or postterm pregnancy.

Acknowledgment This work was supported by Cedars Sinai Medical Cen-
ter's International Research and Innovation in Medicine Program, the As-
sociation for Regional Cooperation in the Fields of Health, Science and
Technology (RECOOP HST Association) and the participating Cedars-Sinai
Medical Center - RECOOP Research Centers (CRRC).

Funding None declared.
Ethical approval None required.

Declaration of authorship All authors contributed equally to the develop-
ment and writing of this review article.

Competing interests All authors have completed the Unified Competing
Interest form at www.icmje.org/coi_disclosure.pdf (available on request
from the corresponding author) and declare: no support from any organi-
zation for the submitted work; no financial relationships with any organiza-
tions that might have an interest in the submitted work in the previous 3
years; no other relationships or activities that could appear to have influ-
enced the submitted work.

References

1 Hehir MP, Morrison JJ. The adipokine apelin and human
uterine contractility. Am J Obstet Gynecol. 2012;206:359.e1-5.
doi:10.1016/j.2j0g.2012.01.032. Medline:22360921

2 Rooney BL, Schauberger CW. Excess pregnancy weight gain
and long-term obesity: one decade later. Obstet Gynecol.
2002;100:245-52. Medline:12151145

3 Tsatsanis C, Dermitzaki E, Avgoustinaki P, Malliaraki N, Mytaras V,
Margioris AN. The impact of adipose tissue-derived factors on the
hypothalamic-pituitary-gonadal (HPG) axis. Hormones (Athens).
2015;14:549-62. doi:10.14310/horm.2002.1649. Medline:26859602

4 Triunfo S, Lanzone A. Impact of overweight and obesity
on obstetric outcomes. J Endocrinol Invest. 2014;37:323-9.
doi:10.1007/540618-014-0058-9. Medline:24515300

5  Feresu SA, WangY, Dickinson S. Relationship between maternal
obesity and prenatal, metabolic syndrome, obstetrical and
perinatal complications of pregnancy in Indiana, 2008-2010. BMC
Pregnancy Childbirth. 2015;15:266. doi:10.1186/512884-015-
0696-8. Medline:26475596

6  Gaillard R, Santos S, Duijts L, Felix JF. Childhood health

20

consequences of maternal obesity during pregnancy: a narrative
review. Ann Nutr Metab. 2016;69:171-80. doi:10.1159/000453077.
Medline:27855382

Fleischman AR, Oinuma M, Clark SL. Rethinking the definition of
“term pregnancy”. Obstet Gynecol. 2010;116:136-9. doi:10.1097/
AOG.0b013e3181e24f28. Medline:20567179

Goldenberg RL, Culhane JF, lams JD, Romero R. Epidemiology
and causes of preterm birth. Lancet. 2008;371:75-84. doi:10.1016/
S0140-6736(08)60074-4. Medline:18177778

Slattery MM, Morrison JJ. Preterm delivery. Lancet. 2002;360:1489-
97.d0i:10.1016/50140-6736(02)11476-0. Medline:12433531

The unfinished agenda of preterm births. Lancet. 2016;388:2323.
doi: 10.1016/50140-6736(16)32170-5. Medline:27845076
Blencowe H, Cousens S, Oestergaard MZ, Chou D, Moller AB,
Narwal R, et al. National, regional, and worldwide estimates of
preterm birth rates in the year 2010 with time trends since 1990
for selected countries: a systematic analysis and implications.
Lancet. 2012;379:2162-72. doi:10.1016/5S0140-6736(12)60820-4.
Medline:22682464

Delnord M, Blondel B, Zeitlin J. What contributes to disparities in
the preterm birth rate in European countries? Curr Opin Obstet
Gynecol. 2015;27:133-42. doi:10.1097/GCO.0000000000000156.
Medline:25692506

Arora CP, Kacerovsky M, Zinner B, Ertl T, Ceausu |, Rusnak |, et al.
Disparities and relative risk ratio of preterm birth in six Central
and Eastern European centers. Croat Med J. 2015;56:119-27.
Medline:25891871 doi:10.3325/cm;j.2015.56.119

Vayssiere C, Haumonte JB, Chantry A, Coatleven F, Debord

MP, Gomez C, et al. French College of Gynecologists and
Obstetricians (CNGOF) Prolonged and post-term pregnancies:
guidelines for clinical practice from the French College of
Gynecologists and Obstetricians (CNGOF). Eur J Obstet Gynecol
Reprod Biol. 2013;169:10-6. doi:10.1016/j.ejogrb.2013.01.026.
Medline:23434325

Maimburg RD. Women's experience of post-term pregnancy. Pract
Midwife. 2016;19:21-3. Medline:27451487

Ross MG. Preterm labor. Medscape; 2016. Available from: http://
emedicine.medscape.com/article/260998-overview#showall.
Accessed: March 26, 2017.

Caughey AB, Stotland NE, Washington AE, Escobar GJ. Who is

at risk for prolonged and postterm pregnancy? Am J Obstet
Gynecol. 2009;200:683.e1-5. doi:10.1016/j.aj0g.2009.02.034.
Medline:19380120

Simpson PD, Stanley KP. Prolonged pregnancy. Obstet Gynaecol
Reprod Med. 2011;21:257-62. doi:10.1016/j.0grm.2011.06.004.
Logan CA, Bornemann R, Koenig W, Reister F, Walter V, Fantuzzi
G. Gestational weight gain and fetal-maternal adiponectin,
leptin, and CRP: results of two birth cohorts studies. Sci Rep.
2017;7:41847. doi:10.1038/srep41847. Medline:28150815

Egarter CH, Husslein P. Biochemistry of myometrial contractility.

www.cmj.hr

101


www.icmje.org/coi_disclosure.pdf
http://dx.doi.org/10.1016/j.ajog.2012.01.032
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=22360921&dopt=Abstract
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=12151145&dopt=Abstract
http://dx.doi.org/10.14310/horm.2002.1649
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26859602&dopt=Abstract
http://dx.doi.org/10.1007/s40618-014-0058-9
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24515300&dopt=Abstract
http://dx.doi.org/10.1186/s12884-015-0696-8
http://dx.doi.org/10.1186/s12884-015-0696-8
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26475596&dopt=Abstract
http://dx.doi.org/10.1159/000453077
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27855382&dopt=Abstract
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27855382&dopt=Abstract
http://dx.doi.org/10.1097/AOG.0b013e3181e24f28
http://dx.doi.org/10.1097/AOG.0b013e3181e24f28
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=20567179&dopt=Abstract
http://dx.doi.org/10.1016/S0140-6736(08)60074-4
http://dx.doi.org/10.1016/S0140-6736(08)60074-4
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=18177778&dopt=Abstract
http://dx.doi.org/10.1016/S0140-6736(02)11476-0
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=12433531&dopt=Abstract
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27845076&dopt=Abstract
http://dx.doi.org/10.1016/S0140-6736(12)60820-4
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=22682464&dopt=Abstract
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=22682464&dopt=Abstract
http://dx.doi.org/10.1097/GCO.0000000000000156
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25692506&dopt=Abstract
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25692506&dopt=Abstract
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25891871&dopt=Abstract
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25891871&dopt=Abstract
http://dx.doi.org/10.3325/cmj.2015.56.119
http://dx.doi.org/10.1016/j.ejogrb.2013.01.026
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23434325&dopt=Abstract
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23434325&dopt=Abstract
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27451487&dopt=Abstract
http://emedicine.medscape.com/article/260998-overview#showall
http://emedicine.medscape.com/article/260998-overview#showall
http://dx.doi.org/10.1016/j.ajog.2009.02.034
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=19380120&dopt=Abstract
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=19380120&dopt=Abstract
http://dx.doi.org/10.1016/j.ogrm.2011.06.004
http://dx.doi.org/10.1038/srep41847
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28150815&dopt=Abstract

102 RECOOP for Common Mechanisms of Diseases

21

22

23

24

25

26

27

28

29

30

31

32

Baillieres Clin Obstet Gynaecol. 1992;6:755-69. Medline:1335853
doi:10.1016/50950-3552(05)80187-7

Gaspar R, Ducza E, Mihalyi A, Marki A, Kolarovszki-Sipiczki Z, Paldy
E, et al. Pregnancy-induced decrease in the relaxant effect of
terbutaline in the late-pregnant rat myometrium: role of G-protein
activation and progesterone. Reproduction. 2005;130:113-22.
doi:10.1530/rep.1.00490. Medline:15985637

Dodd JM, Crowther CA. The role of progesterone in prevention

of preterm birth. Int J Womens Health. 2010;1:73-84.
Medline:21072277

Csanyi A, Bota J, Falkay G, Gaspér R, Ducza E. The effects of
female sexual hormones on the expression of aquaporin 5 in

the late-pregnant rat uterus. Int J Mol Sci. 2016;17. doi:10.3390/
ijms17081300. Medline:27556454

Chatterjee J, Gullam J, Vatish M, Thornton S. The management of
preterm labour. Arch Dis Child Fetal Neonatal Ed. 2007;92:F88-93.
doi:10.1136/adc.2005.082289. Medline:17337673

Manuck TA. Pharmacogenomics of preterm birth prevention and
treatment. BJOG. 2016;123:368-75. doi:10.1111/1471-0528.13744.
Medline:26542879

Pabona JM, Zhang D, Ginsburg DS, Simmen FA, Simmen RC.
Prolonged pregnancy in women is associated with attenuated
myometrial expression of progesterone receptor co-regulator
Krippel-like Factor 9. J Clin Endocrinol Metab. 2015;100:166-74.
Medline:25313913 doi:10.1210/jc.2014-2846

Hajagos-Téth J, Falkay G, Gaspér R. Modification of the effect

of nifedipine in the pregnant rat myometrium: the influence

of progesterone and terbutaline. Life Sci. 2009;85:568-72.
Medline:19703476 doi:10.1016/j.Ifs.2009.08.008

Conde-Agudelo A, Romero R, Kusanovic JP. Nifedipine in

the management of preterm labor: a systematic review and
metaanalysis. Am J Obstet Gynecol. 2011;204:134.e1-20.
doi:10.1016/j.2j0g.2010.11.038 . Medline:21284967

Gaspar R, Hajagos-Téth J. Calcium channel blockers as tocolytics:
principles of their actions, adverse effects and therapeutic
combinations. Pharmaceuticals (Basel). 2013;6:689-99. doi:10.3390/
ph6060689 . Medline:24276256

Gaspar R, Gal A, Galik M, Ducza E, Minorics R, Kolarovszki-Sipiczki
Z, et al. Different roles of alpha2-adrenoceptor subtypes in non-
pregnant and late-pregnant uterine contractility in vitro in the rat.
Neurochem Int. 2007;51:311-8. Medline: 17664026 doi:10.1016/j.
neuint.2007.06.029

Ducza E, Gaspar R, Falkay G. Altered levels of mRNA expression
and pharmacological reactivity of alphal-adrenergic receptor
subtypes in the late-pregnant rat myometrium. Mol Reprod Dev.
2002;62:343-7. doi:10.1002/mrd.10148 . Medline:12112598
Gaspar R, Foldesi |, Havass J, Marki A, Falkay G. Characterization of
late-pregnant rat uterine contraction via the contractility ratio in
vitro significance of alphal-adrenoceptors. Life Sci. 2001;68:1119-
29. Medline:11228096 doi:10.1016/50024-3205(00)01014-6

www.cmj.hr

33

34

35

36

37

38

39

40

41

2

43

a4

Croat Med J. 2017;58:96-104

Bdta J, Hajagos-Toth J, Ducza E, Samavati R, Borsodi A, Benyhe S,
et al. The effects of female sexual hormones on the expression

and function of 41A- and a1D-adrenoceptor subtypes in the late-
pregnant rat myometrium. Eur J Pharmacol. 2015;769:177-84.
doi:10.1016/j.ejphar.2015.11.015 . Medline:26593425

Klukovits A, Gaspér R, Sdntha P, Jancsé G, Falkay G. Functional

and histochemical characterization of a uterine adrenergic
denervation process in pregnant rats. Biol Reprod. 2002;67:1013-7.
Medline:12193415 doi:10.1095/biolreprod.101.002287

Christian F, Szaszak M, Friedl S, Drewianka S, Lorenz D, Goncalves
A, et al. Small molecule AKAP-protein kinase A (PKA) interaction
disruptors that activate PKA interfere with compartmentalized
cAMP signaling in cardiac myocytes. J Biol Chem. 2011;286:9079-
96. doi:10.1074/jbc.M110.160614 . Medline:21177871
Hajagos-Toth J, Korményos Z, Falkay G, Pal A, Gaspar R.
Potentiation of the uterus-relaxing effects of B-adrenergic agonists
with nifedipine: studies on rats and the human myometrium. Acta
Obstet Gynecol Scand. 2010;89:1284-9. doi:10.3109/00016349.201
0.512064 . Medline:20846061

Verli J, Klukovits A, Kormanyos Z, Hajagos-Téth J, Ducza E, Seres
AB, et al. Uterus-relaxing effect of B2-agonists in combination

with phosphodiesterase inhibitors: studies on pregnant rat in

vivo and on pregnant human myometrium in vitro. J Obstet
Gynaecol Res. 2013;39:31-9. doi:10.1111/j.1447-0756.2012.01929.x
. Medline:22765375

Landau R, Morales MA, Antonarakis SE, Blouin JL, Smiley RM.
Arg16 homozygosity of the beta2-adrenergic receptor improves
the outcome after beta2-agonist tocolysis for preterm labor. Clin
Pharmacol Ther. 2005;78:656-63. doi:10.1016/j.clpt.2005.08.021 .
Medline:16338281

Fuchs AR, Fuchs F, Husslein P, Soloff MS, Fernstrom MJ. Oxytocin
receptors and human parturition: a dual role for oxytocin in the
initiation of labor. Science. 1982;215:1396-8. Medline:6278592
doi:10.1126/science.6278592

Haram K, Mortensen JH, Morrison JC. Tocolysis for acute

preterm labor: does anything work. J Matern Fetal Neonatal

Med. 2015;28:371-8. d0i:10.3109/14767058.2014.918095.
Medline:24990666

Rossen J, Rstborg TB, Lindtjirn E, Schulz J, EggebF TM. Judicious
use of oxytocin augmentation for the management of prolonged
labor. Acta Obstet Gynecol Scand. 2016;95:355-61. doi:10.1111/
a0gs.12821. Medline:26576009

Chioss G, Costantine MM, Bytautiene E, Betancourt A, Hankins GD,
Saade GR, et al. In vitro myometrial contractility profiles of different
pharmacological agents used for induction of labor. Am J Perinatol.
2012;29:699-704. doi:10.1055/5-0032-1314891. Medline:22644831
Stephenson ML, Wing DA. Misoprostol for induction of

labor. Semin Perinatol. 2015;39:459-62. doi:10.1053/j.
semperi.2015.07.008. Medline:26601733

Reinebrant HE, Pileggi-Castro C, Romero CL, Dos Santos RA, Kumar


http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=1335853&dopt=Abstract
http://dx.doi.org/10.1016/S0950-3552(05)80187-7
http://dx.doi.org/10.1530/rep.1.00490
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=15985637&dopt=Abstract
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=21072277&dopt=Abstract
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=21072277&dopt=Abstract
http://dx.doi.org/10.3390/ijms17081300
http://dx.doi.org/10.3390/ijms17081300
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27556454&dopt=Abstract
http://dx.doi.org/10.1136/adc.2005.082289
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=17337673&dopt=Abstract
http://dx.doi.org/10.1111/1471-0528.13744
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26542879&dopt=Abstract
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26542879&dopt=Abstract
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25313913&dopt=Abstract
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25313913&dopt=Abstract
http://dx.doi.org/10.1210/jc.2014-2846
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=19703476&dopt=Abstract
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=19703476&dopt=Abstract
http://dx.doi.org/10.1016/j.lfs.2009.08.008
http://dx.doi.org/10.1016/j.ajog.2010.11.038
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=21284967&dopt=Abstract
http://dx.doi.org/10.3390/ph6060689
http://dx.doi.org/10.3390/ph6060689
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24276256&dopt=Abstract
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=17664026&dopt=Abstract
http://dx.doi.org/10.1016/j.neuint.2007.06.029
http://dx.doi.org/10.1016/j.neuint.2007.06.029
http://dx.doi.org/10.1002/mrd.10148
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=12112598&dopt=Abstract
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=11228096&dopt=Abstract
http://dx.doi.org/10.1016/S0024-3205(00)01014-6
http://dx.doi.org/10.1016/j.ejphar.2015.11.015
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26593425&dopt=Abstract
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=12193415&dopt=Abstract
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=12193415&dopt=Abstract
http://dx.doi.org/10.1095/biolreprod.101.002287
http://dx.doi.org/10.1074/jbc.M110.160614
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=21177871&dopt=Abstract
http://dx.doi.org/10.3109/00016349.2010.512064
http://dx.doi.org/10.3109/00016349.2010.512064
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=20846061&dopt=Abstract
http://dx.doi.org/10.1111/j.1447-0756.2012.01929.x
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=22765375&dopt=Abstract
http://dx.doi.org/10.1016/j.clpt.2005.08.021
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=16338281&dopt=Abstract
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=16338281&dopt=Abstract
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=6278592&dopt=Abstract
http://dx.doi.org/10.1126/science.6278592
http://dx.doi.org/10.3109/14767058.2014.918095
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24990666&dopt=Abstract
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24990666&dopt=Abstract
http://dx.doi.org/10.1111/aogs.12821
http://dx.doi.org/10.1111/aogs.12821
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26576009&dopt=Abstract
http://dx.doi.org/10.1055/s-0032-1314891
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=22644831&dopt=Abstract
http://dx.doi.org/10.1053/j.semperi.2015.07.008
http://dx.doi.org/10.1053/j.semperi.2015.07.008
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26601733&dopt=Abstract

Hajagos-Téth et al: Obesity in pregnancy: a novel concept on the roles of adipokines in uterine contractility

45

46

a7

48

50

51

52

53

54

55

56

57

S, Souza JP, et al. Cyclo-oxygenase (COX) inhibitors for treating
preterm labour. Cochrane Database Syst Rev. 2015;5:CD001992.
doi:10.1002/14651858.CD001992.pub3. Medline:26042617

Lain KY, Catalano PM. Metabolic changes in pregnancy. Clin Obstet
Gynecol. 2007;50:938-48. doi:10.1097/GRF.0b013e31815a5494.
Medline:17982337

Wang Q, Wiirtz P, Auro K, Makinen VP, Kangas AJ, Soininen P, et al.
Metabolic profiling of pregnancy: cross-sectional and longitudinal
evidence. BMC Med. 2016;14:205. doi:10.1186/512916-016-0733-0.
Medline:27955712

Wankhade UD, Thakali KM, Shankar K. Persistent influence of
maternal obesity on offspring health: Mechanisms from animal
models and clinical studies. Mol Cell Endocrinol. 2016;435:7-19.
doi:10.1016/j.mce.2016.07.001. Medline:27392497

Moussa HN, Alrais MA, Leon MG, Abbas EL, Sibai BM. Obesity
epidemic: impact from preconception to postpartum.

Future Sci OA. 2016;2:FSO137. doi:10.4155/fs0a-2016-0035.
Medline:2803198049 Overcash RT, Lacoursiere DY. The clinical
approach to obesity in pregnancy. Clin Obstet Gynecol.
2014;57:485-500. doi:10.1097/GRF.0000000000000042.
Medline:25022997

Carlson NS, Hernandez TL, Hurt KJ. Parturition dysfunction in
obesity: time to target the pathobiology. Reprod Biol Endocrinol.
2015;13:135. doi:10.1186/512958-015-0129-6. Medline:26684329
Wallace JM, Horgan GW, Bhattacharya S. Placental weight and
efficiency in relation to maternal body mass index and the risk of
pregnancy complications in women delivering singleton babies.
Placenta. 2012;33:611-8. doi:10.1016/j.placenta.2012.05.006.
Medline:22695104

McGillick EV, Lock MC, Orgeig S, Morrison JL. Maternal obesity
mediated predisposition to respiratory complications at birth and
in later life: understanding the implications of the obesogenic
intrauterine environment. Paediatr Respir Rev. 2017;21:11-8.
doi:10.1016/j.prrv.2016.10.003. Medline:27818069

Hausman GJ, Barb CR, Lents CA. Leptin and reproductive function.
Biochimie. 2012;94:2075-81. doi:10.1016/j.biochi.2012.02.022.
Medline:22980196

Miehle K, Stepan H, Fasshauer M. Leptin, adiponectin and other
adipokines in gestational diabetes mellitus and pre-eclampsia.
Clin Endocrinol (Oxf). 2012;76:2-11. doi:10.1111/j.1365-
2265.2011.04234.x. Medline:21951069

Tribe RM. Regulation of human myometrial contractility during
pregnancy and labour: are calcium homeostatic pathways
important? Exp Physiol. 2001;86:247-54. Medline:11429641
doi:10.1113/eph8602180

Dam V, Sikder T, Santosa S. From neutrophils to macrophages:
differences in regional adipose tissue depots. Obes Rev. 2016;17:1-
17.doi:10.1111/0br.12335. Medline:26667065

AlSaif S, Mumtaz S, Wray S. A short review of adipokines,

smooth muscle and uterine contractility. Life Sci. 2015;125:2-8.

58

59

60

61

62

63

64

65

66

67

68

69

70

71

CM)

doi:10.1016/j.1fs.2015.02.001. Medline:25711427

Mitchell M, Armstrong DT, Robker RL, Norman RJ. Adipokines:
implications for female fertility and obesity. Reproduction.
2005;130:583-97. doi:10.1530/rep.1.00521. Medline: 16264089
Herrid M, Palanisamy SK, Ciller UA, Fan R, Moens P, Smart NA, et
al. An updated view of leptin on implantation and pregnancy: a
review. Physiol Res. 2014;63:543-57. Med|ine:24908087
Smolinska N, Kaminski T, Siawrys G, Przala J. Long form of

leptin receptor gene and protein expression in the porcine
trophoblast and uterine tissues during early pregnancy and the
oestrous cycle. Anim Reprod Sci. 2009;113:125-36. doi:10.1016/j.
anireprosci.2008.06.001. Medline: 18619745

Balogh O, Staub LP, Gram A, Boos A, Kowalewski MP, Reichler IM.
Leptin in the canine uterus and placenta: possible implications
in pregnancy. Reprod Biol Endocrinol. 2015;13:13. doi:10.1186/
$12958-015-0003-6. Medline:25871422

Moynihan AT, Hehir MP, Glavey SV, Smith TJ, Morrison JJ. Inhibitory
effect of leptin on human uterine contractility in vitro. Am J
Obstet Gynecol. 2006;195:504-9. doi:10.1016/j.ajog.2006.01.106.
Medline:16647683

Mumtaz S, AlSaif S, Wray S, Noble K. Inhibitory effect of visfatin
and leptin on human and rat myometrial contractility. Life Sci.
2015;125:57-62. doi:10.1016/j.1fs.2015.01.020. Medline:25645057
Whitehead JP, Richards AA, Hickman 1J, Macdonald GA, Prins JB.
Adiponectin-a key adipokine in the metabolic syndrome. Diabetes
Obes Metab. 2006;8:264-80. doi:10.1111/j.1463-1326.2005.00510.x.
Medline:16634986

Ruan H, Dong LQ. Adiponectin signaling and function in insulin
target tissues. J Mol Cell Biol. 2016;8:101-9. doi:10.1093/jmcb/
mjw014. Medline:26993044

Brink HS, van der Lely AJ, van der Linden J. The potential role of
biomarkers in predicting gestational diabetes. Endocr Connect.
2016;5:R26-34. doi:10.1530/EC-16-0033. Medline:27492245

Bao W, Baecker A, Song Y, Kiely M, Liu S, Zhang C. Adipokine
levels during the first or early second trimester of pregnancy
and subsequent risk of gestational diabetes mellitus: A
systematic review. Metabolism. 2015;64:756-64. doi:10.1016/j.
metabol.2015.01.013. Medline:25749468

Gianetti E, Seminara S. Kisspeptin and KISS1R: a critical pathway
in the reproductive system. Reproduction. 2008;136:295-301.
doi:10.1530/REP-08-0091. Medline:18515314

Pinilla L, Aguilar E, Dieguez C, Millar RP, Tena-Sempere M.
Kisspeptins and reproduction: physiological roles and regulatory
mechanisms. Physiol Rev. 2012;92:1235-316. doi:10.1152/
physrev.00037.2010. Medline:22811428

Celik O, Aydin S, Celik N, Yilmaz M. Peptides: basic determinants
of reproductive functions. Peptides. 2015;72:34-43. doi:10.1016/j.
peptides.2015.05.016. Medline:26074346

Park DW, Lee SK, Hong SR, Han AR, Kwak-Kim J, Yang KM.
Expression of Kisspeptin and its receptor GPR54 in the first

www.cmj.hr

103


http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26042617&dopt=Abstract
http://dx.doi.org/10.1097/GRF.0b013e31815a5494
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=17982337&dopt=Abstract
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=17982337&dopt=Abstract
http://dx.doi.org/10.1186/s12916-016-0733-0
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27955712&dopt=Abstract
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27955712&dopt=Abstract
http://dx.doi.org/10.1016/j.mce.2016.07.001
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27392497&dopt=Abstract
http://dx.doi.org/10.4155/fsoa-2016-0035
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28031980&dopt=Abstract
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28031980&dopt=Abstract
http://dx.doi.org/10.1097/GRF.0000000000000042
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25022997&dopt=Abstract
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25022997&dopt=Abstract
http://dx.doi.org/10.1186/s12958-015-0129-6
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26684329&dopt=Abstract
http://dx.doi.org/10.1016/j.placenta.2012.05.006
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=22695104&dopt=Abstract
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=22695104&dopt=Abstract
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27818069&dopt=Abstract
http://dx.doi.org/10.1016/j.biochi.2012.02.022
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=22980196&dopt=Abstract
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=22980196&dopt=Abstract
http://dx.doi.org/10.1111/j.1365-2265.2011.04234.x
http://dx.doi.org/10.1111/j.1365-2265.2011.04234.x
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=21951069&dopt=Abstract
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=11429641&dopt=Abstract
http://dx.doi.org/10.1113/eph8602180
http://dx.doi.org/10.1111/obr.12335
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26667065&dopt=Abstract
http://dx.doi.org/10.1016/j.lfs.2015.02.001
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25711427&dopt=Abstract
http://dx.doi.org/10.1530/rep.1.00521
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=16264089&dopt=Abstract
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24908087&dopt=Abstract
http://dx.doi.org/10.1016/j.anireprosci.2008.06.001
http://dx.doi.org/10.1016/j.anireprosci.2008.06.001
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=18619745&dopt=Abstract
http://dx.doi.org/10.1186/s12958-015-0003-6
http://dx.doi.org/10.1186/s12958-015-0003-6
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25871422&dopt=Abstract
http://dx.doi.org/10.1016/j.ajog.2006.01.106
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=16647683&dopt=Abstract
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=16647683&dopt=Abstract
http://dx.doi.org/10.1016/j.lfs.2015.01.020
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25645057&dopt=Abstract
http://dx.doi.org/10.1111/j.1463-1326.2005.00510.x
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=16634986&dopt=Abstract
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=16634986&dopt=Abstract
http://dx.doi.org/10.1093/jmcb/mjw014
http://dx.doi.org/10.1093/jmcb/mjw014
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26993044&dopt=Abstract
http://dx.doi.org/10.1530/EC-16-0033
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27492245&dopt=Abstract
http://dx.doi.org/10.1016/j.metabol.2015.01.013
http://dx.doi.org/10.1016/j.metabol.2015.01.013
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25749468&dopt=Abstract
http://dx.doi.org/10.1530/REP-08-0091
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=18515314&dopt=Abstract
http://dx.doi.org/10.1152/physrev.00037.2010
http://dx.doi.org/10.1152/physrev.00037.2010
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=22811428&dopt=Abstract
http://dx.doi.org/10.1016/j.peptides.2015.05.016
http://dx.doi.org/10.1016/j.peptides.2015.05.016
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26074346&dopt=Abstract

104 RECOOP for Common Mechanisms of Diseases

72

73

74

75

76

77

78

trimester trophoblast of women with recurrent pregnancy

loss. Am J Reprod Immunol. 2012;67:132-9. doi:10.1111/j.1600-
0897.2011.01073.x. Medline:21996032

Hussain MA, Song WJ, Wolfe A. There is Kisspeptin - And Then
There is Kisspeptin. Trends Endocrinol Metab. 2015;26:564-72.
doi:10.1016/j.tem.2015.07.008. Medline:26412157

Hausman GJ, Barb CR. Adipose tissue and the reproductive

axis: biological aspects. Endocr Dev. 2010;19:31-44.
doi:10.1159/000316895. Medline:20551666

Zhang J, Bricker L, Wray S, Quenby S. Poor uterine contractility

in obese women. BJOG. 2007;114:343-8. doi:10.1111/j.1471-
0528.2006.01233.x. Medline:17261121

Lowe NK, Corwin EJ. Proposed biological linkages between
obesity, stress, and inefficient uterine contractility during labor

in humans. Med Hypotheses. 2011,76:755-60. doi:10.1016/j.
mehy.2011.02.018. Medline:21382668

Kidder MG, Winterhager E. Physiological roles of connexins

in labour and lactation. Reproduction. 2015;150:R129-36.
doi:10.1530/REP-15-0134. Medline:26150552

Mendelson CR. Minireview: fetal-maternal hormonal signaling in
pregnancy and labor. Mol Endocrinol. 2009;23:947-54. doi:10.1210/
me.2009-0016. Medline:19282364

Elmes MJ, Tan DS, Cheng Z, Wathes DC, McMullen S. The effects of
a high-fat, high-cholesterol diet on markers of uterine contractility
during parturition in the rat. Reproduction. 2011;141:283-90.
doi:10.1530/REP-10-0378. Medline:21078880

www.cmj.hr

79

80

81

82

Croat Med J. 2017;58:96-104

Muir R, Ballan J, Clifford B, McMullen S, Khan R, Shmygol A, et al.
Modelling maternal obesity: the effects of a chronic high-fat, high-
cholesterol diet on uterine expression of contractile-associated
proteins and ex vivo contractile activity during labour in the

rat. Clin Sci (Lond). 2016;130:183-92. doi:10.1042/C520150539.
Medline:26543049

Higgins CA, Martin W, Anderson L, Blanks AM, Norman JE,
McConnachie A, et al. Maternal obesity and its relationship

with spontaneous and oxytocin-induced contractility of

human myometrium in vitro. Reprod Sci. 2010;17:177-
85.i:10.1177/1933719109349780 Medline:19828431

Zelig CM, Nichols SF, Dolinsky BM, Hecht MW, Napolitano PG.
Interaction between maternal obesity and Bishop Score in
predicting successful induction of labor in term, nulliparous
patients. Am J Perinatol. 2013;30:75-80. doi:10.1055/5-0032-
1322510. Medline:22836819

Lassiter JR, Holliday N, Lewis DF, Mulekar M, Abshire J, Brocato B.
Induction of labor with an unfavorable cervix: how does BMI affect
success? J Matern Fetal Neonatal Med. 2016;29:3000-2. doi:10.3109
/14767058.2015.1112371. Medline:26513375


http://dx.doi.org/10.1111/j.1600-0897.2011.01073.x
http://dx.doi.org/10.1111/j.1600-0897.2011.01073.x
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=21996032&dopt=Abstract
http://dx.doi.org/10.1016/j.tem.2015.07.008
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26412157&dopt=Abstract
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=20551666&dopt=Abstract
http://dx.doi.org/10.1111/j.1471-0528.2006.01233.x
http://dx.doi.org/10.1111/j.1471-0528.2006.01233.x
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=17261121&dopt=Abstract
http://dx.doi.org/10.1016/j.mehy.2011.02.018
http://dx.doi.org/10.1016/j.mehy.2011.02.018
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=21382668&dopt=Abstract
http://dx.doi.org/10.1530/REP-15-0134
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26150552&dopt=Abstract
http://dx.doi.org/10.1210/me.2009-0016
http://dx.doi.org/10.1210/me.2009-0016
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=19282364&dopt=Abstract
http://dx.doi.org/10.1530/REP-10-0378
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=21078880&dopt=Abstract
http://dx.doi.org/10.1042/CS20150539
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26543049&dopt=Abstract
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26543049&dopt=Abstract
http://dx.doi.org/10.1177/1933719109349780
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=19828431&dopt=Abstract
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=22836819&dopt=Abstract
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26513375&dopt=Abstract

