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Abstract

In this paper the authors examined the most important factors that in the
pre-conception period can interfere in the evolution of pregnancy. They also
reported a method that since the first trimester of pregnancy is able to identify
women at higher risk of developing preeclampsia.
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Introduction

It is known that the intrauterine life plays an
important role in the health of the person from
the birth until adulthood [1]. The physiological
evolution of pregnancy (P) requires a good mother’s
health starting by the menstrual cycles preceding
the fecundation up the term of P. In this regard
it is important to remember the role of folic acid
intake since the menstrual cycles prior to fertilizing.
In addition to that, it is crucial even before P to
evaluate thyroid function (TF), such as metabolic,
infectious diseases that could affect the health of
the fetus and the mother. This is particularly true
when the mother is not young anymore, since with
ageing there is a reduction of the ovarian reserve.
In this period, in addition to the high prevalence of
chromosomal alterations for damages of oocytes
[2, 3], it is important to assess the overall health of
the woman. It is well known that the increasing age
predisposes to metabolic and vascular dysfunctions,
as demonstrated in animal studies [4]. In these
cases, there are difficulties in the embryo implant
with deleterious effects on placental function and a
high risk of preeclampsia (PE), intrauterine growth
restriction (IUGR) and preterm delivery (PD) [5]. In
the recent years efficacious contraceptive methods
permit that the women could chose the time of their
first P, so that the evaluation of the general mother’s
health is mandatory prior the onset of P. During
the first trimester (1st tr.) of P, there are methods
to examine the risk of several complications.
This work tried to synthesize the approach to
P with the aim both to prevent and to reduce the
main pathologies dangerous for the well-being of
newborn and mother.
Folate supplementation

Several studies documented the preventive
effects of maternal folate supplementation on the
occurrence of neural tube defects [6, 7]. A recent
meta-analysis study evaluated the association
between maternal folate supplementation and the
risk of congenital heart defects (CHDs) [8]. This
study evidences a significant decreased risk of
CHDs with maternal preconception intake of folate.
The common daily dosage of folate intake is 0.4 mg
[9] from preconception (4-12 weeks) until the end
of the 1st tr. of P (8-12 weeks). High risk mothers
with recognized pathologies (including epilepsy,
insulin dependent diabetes, obesity with BMI > 35
kg/m2) require increased dietary intake of folate-
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rich foods and daily supplementation with 5 mg
folic acid, beginning at least three months before
conception and continuing until 10 to 12 weeks post
conception. From 12 weeks post-conception and
continuing throughout P and the postpartum period
(4-6 weeks or as long as breastfeeding continues),
supplementation should consist of a multivitamin
complex with folic acid (0.4-1.0 mg) [10]. In the
recent years there is also the proposal to insert folate
in the hormonal contraceptives, with the guarantee
to obtain a sufficient folic supplementation at the
end of contraception [11, 12].
Lifestyle

Obesity is a very important problem since it is
known the deleterious effect on the reproduction.
However, these problems will be not evaluated
in the present paper. Another problem is the
awareness about the dangers deriving from the
alcohol and smoke before and during the P.
Alcohol and pregnancy

Alcohol exerts teratogenic effects in all
the gestation times, with peculiar features in
relationship to the trimester of P in which alcohol is
assumed. Alcohol itself and its metabolites modify
DNA synthesis, cellular division, cellular migration
and the fetal development. The characteristic facial
appearance of babies affected by feto-alcoholic
syndrome depends on the alcohol impact on skull
facial development during the 1st tr. of P. There
also are cerebral damages with defects of brain
development that can get to fetal death. Serious
consequences on fetal health also depends on
the dangerous effects of alcohol exposure in the
organogenesis of the heart, the bone, the kidney,
sensorial organs, and other organs. Binge drinking
is a high factor risk of mental retardation and of
delinquent behavior in adulthood. Unfortunately, a
lower alcohol intake also exerts deleterious effects
on fetal health. In several countries of the world
there is a high alcohol use, and this habit is increased
in the women. Therefore, correct information has
to be given to avoid alcohol use by women in the
preconception time and during the pregnancy [13].
Smoke

The active smoke before and during P has
been demonstrated to be deleterious for the fetal
health [14]. The fetuses of women smoking during
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P are estimated to have a higher risk of low birth
weight compared with those of non-smokers. The
decrement in birthweight appears to be primarily
due to IUGR in relationship to disorders in
endothelial functions of maternal vessels [15]. In
addition to active smoking, environmental tobacco
smoke exposure seems to exert negative effects
on fetal growth [16-18]. Some studies showed a
moderate increased risk of environmental tobacco
smoke exposure and PD [19, 20]. Maternal smoking
or environmental tobacco smoke exposure have
shown greater effects in older women [21, 22].
During pre-conception it is important to highlight
the negative effects of active and passive smoking
on the outcome of P and this is even more important
in women older than 35 years [23]. Furthermore,
there are many evidences that nicotine is a neural
teratogen. In fact, the exposure of fetal and neonate
brain to nicotine through maternal smoking, exerts
deleterious effect on cholinergic modulation of
brain development [24].
Evaluation of woman’s health

Thyroid function
The development of the brain proceeds soon
after the conception with the composition of the
three main part of the brain [25]. Thyroid hormones
(TH) play a key role in the cytoarchitecture of the
brain [26]. An insufficiency or an excess of TH
during the first weeks of P may lead to disorders
in the morphology of several brain regions, such
as changes in the neurotransmitters [27]. Since the
fetus is able to synthesize TH only by the second
trimester (2nd tr.) of P, a lack or an excess of TH can
exert adverse effect on fetal brain development. It
is known that TH pass through the placenta [28],
with deleterious consequences in the presence
of maternal thyroid diseases. These reasons
induce to screen the TF prior the conception [29].
However, during P the TF has to be evaluated also
in euthyroid women. In fact, maternal TF changes
throughout P in relationship to changes in the
endocrine placenta function. TSH levels are low
during the 1st tr. of P in relationship to stimulation
of thyroidal thyrotropin receptors and thyroxine
(T4) exerted by human Chorionic Gonadotropin
(hCG) [30]. An increase of triiodothyronine (T3)
and T4 levels begin with the increase of estrogens
that stimulate thyroxin-binding-globulin (TBG).
During P the use of trimester-specific range for
TF is recommended. TSH is the most sensitive

Risk management in obstetrics: how to reduce the risk?

www.jpnim.com Open Access

indicator of thyroid status in P with the following
ranges: 0.1-2.5 mIU/L in the 1st tr.; 0.2-3.0 mIU/L
in the 2nd tr; 0.3-3.0 in the third trimester (3rd tr.)
of P [31]. During P increases the iodine’s request
in relationship to increased TH production,
increased renal iodine losses, and transplacental
transfer of iodine to the fetus [32]. The World
Health Organization (WHO) recommends approximately 250 mg of iodine intake daily
for pregnant women, higher than the 150 mg/
day recommended for nonpregnant women
[33]. It is important to remember that maternal
iodine deficiency is associated with unfavorable
outcomes of pregnancy and maternal TF [34].
Hyperandrogenism and polycystic ovary syndrome
Polycystic ovary syndrome (PCOS) is
characterized by hyperandrogenism, ovarian
dysfunction and polycystic ovarian morphology.
PCOS is a reproductive disorder associated with
metabolic disorders that can impair woman’s
health during the entire life [35]. A recent review
[36] concludes that the risk of PE/pregnancyinduced hypertension (PIH) and gestational
diabetes mellitus (GDM) is 1.5 and 2 times higher,
respectively, in women with compared with
women without PCOS. These complications of P
depend on the low inflammation grade (LIG) that
occurs in PCOS women, mainly in those in which
obesity and the visceral obesity are associated with
the PCOS characteristics [36]. In PCOS there is a
strict relationship between hyperandrogenism and
hyperinsulinemia. In a high percentage, at least
50%, of PCOS women, even in those with a normal
weight, there is insulin resistance (IR), favoring
metabolic disorders and stimulating adipose
tissue. This condition is the primum movens for
the metabolic syndrome in which the LIG plays
a key role in the impairment of endothelium [37]
and the consequent poor placentation, cause of the
negative outcomes of P, such as PE, intrauterine
growth retardation (IUGR), PD [38, 39]. In women
with PCOS the oral glucose tolerance test (OGTT)
is mandatory to evaluate the insulin-glucose
metabolism. The American Diabetes Association
has included the PCOS among the criteria for
testing type 2 diabetes in asymptomatic women at
the first prenatal visit [40], the same screening was
recommended by the International Association of
Diabetes and Pregnancy Study Groups [41]. The
IR can be treated with metformin or with other
treatments, such as the inositol, the antioxidant
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compound [42]. Recently, the role of vitamin D
(vtD) on metabolic disorders of PCOS has been
evaluated. The gene encoding vtD receptors
interferes on genes regulating glucose, lipid and
blood pressure [43]. Although few studies are
available on vtD supplementation in women with
PCOS, it has been shown that in PCOS women low
levels of vtD correlate with obesity and IR [44].
First trimester of pregnancy

During the first stage of P, the placental
epithelium completely surrounds the embryo. At
the end of the 1st tr., the gestational sac occupies
the uterine cavity and the chorion is differentiates
in the definitive placenta. The placenta contains
the tertiary villi connected to embryo throughout
the umbilical cord. They grow and differ
throughout the P, forming the mature placenta.
The extravillous throphoblast (EVT) invades
the endometrium throughout the 1st tr. of P [45].
A part of EVT proliferates within the spiral
arterioles and it is called endovascular trophoblast
(EV). The EVT cells occlude the arterioles in the
decidua spirals to avoid that the maternal blood
enter the space intervillous developing [46]. The
block of the arterioles is limited to the site of
installation and, therefore, maintains a hypoxic
environment for fetoplacental angiogenesis in
the tertiary villi [47]. The activity of EV directs
the size of the latest plate and placental chorionic
final. This phase is crucial to ensure a proper
size of the placenta so that fetal growth could be
normal. Then there is the interstitial EVT whose
cells preferentially surround spirals arterioles
replacing the muscular artery wall with a matrixlike fibrinoid passively dilated to create channels
that carry blood to the intervillous spaces [48].
The invasion of interstitial EVT is greater and
continued during the 2nd tr. [49]. The myometrium
is invaded by interstitial EVT to a depth of 3-5 mm.
In P complicated by PE this invasion is limited
to only 2 mm [50]. The placental angiogenesis
is essential for a smooth development of the
placenta. Growth and vascular remodeling are
considered crucial in the placental and fetal
growth [51]. Angiogenesis is regulated by various
pro- and anti-angiogenic factors, including the
family of the Vascular Endothelial Growth Factor
(VEGF). VEGF is expressed by several cells; on
the contrary, Placental Growth Factor (PlGF) is
mainly produced by the placenta and is present in
the circulation at high concentrations in normal
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P [52]. The PlGF levels increase approximately
until the 32nd week, then decreasing until the end
of P. In a P complicated by PE before the 37th
week, the levels of PlGF are significantly lower
because, in response to oxidative stress and
inflammation, the placenta increases the release of
the s-receptor Flt1, which, tying the PlGF, reduces
the circulating free PlGF levels. PlGF may be a
predictive marker of abortion during the first
trimester of P: its levels are lower in women with
miscarriage in comparison with those of women
with at term P [53]. PlGF is used as a predictive
marker of PE, which is characterized by abnormal
patterns of angiogenic and anti-angiogenic factors
[54]. Our recent studies show that PlGF levels
are lower than the cut-off values for all women
with PD without known causes [39]. In cases
with values less than PlGF cut-off for gestational
age, histology of the placenta showed clear signs
of chronic hypoxia [39]. P-associated plasma
protein-A (PAPP-A) plays a fundamental role
in the regulation of Insulin Growth Factor (IGF)
through local proteolysis of IGF Binding Protein-4
(IGFBP-4) [55]. The IGFBP-4 binds to IGF-I and
IGFII with a high affinity, limiting their interaction
with cellular receptors for IGF, a mechanism
involved in the inhibition of fetal growth [56, 57].
In fact, it is known that the IGF system plays an
important role in the development and placental
growth; therefore, it is not surprising that low serum
levels of PAPP-A may be associated with a higher
incidence of PE [58]. The early identification of
pregnancies with high risk for developing PE can
reduce the prevalence of PE through therapeutic
interventions as the prophylactic use of low-dose
aspirin [59, 60]. A new system in which the assay
of PlGF is associated in those of PAPP-A, βhCG
and αfetoprotein (AFP) permits to give an early
screening of PE if these parameters are associated
with the measurement of median blood pressure,
ultrasound examination with Doppler flussimetry
of uterine arteries and the medical history of the
woman.
Conclusion

Many elements should be considered to reduce
the obstetrician risk. In this short paper we tried
to examine the most indicative to reduce the risk
in the prenatal period and during the early stages
of P with the aim to give adequate preventive
therapeutic measures addressed to antagonize
negative outcomes of P.

Piras • Orrù • Corda • Maggio • Neri • Malune • Cornacchia • Zedda • Vallerino • D’Alterio • Paoletti

Journal of Pediatric and Neonatal Individualized Medicine • vol. 4 • n. 2 • 2015

Declaration of interest

www.jpnim.com Open Access

13. Paoletti AM, Atzeni I, Orrù M, Pilloni M, Loddo A, Zirone M,
Marotto MF, Zedda P, Fais MF, Stochino Loi E, Boi G, Melis
GB. Alcohol and pregnancy. J Pediatr Neonat Individual Med.

The Authors declare that there is no conflict of interest.

2013;2(2):e020215.

References
1.

14. American College of Obstetrics and Gynecology (ACOG)
educational bulletin. Smoking and women’s health. Int J Gynecol

Barker DJP. Mothers, Babies and Health in later life. 2 edition,
nd

London: Churchill Livingstone, 1998.
2.

3.

Rambags BP, van Boxtel DC, Tharasanit T, Lenstra JA,

pregnancy and preterm birth. Br J Obstet Gynaecol. 1996;103:800-5.

Colenbrander B, Stout TA. Advancing maternal age predisposes

16. Windham GC, Eaton A, Hopkins B. Evidence for an association

to mitochondrial damage and loss during maturation of equine

between environmental tobacco smoke exposure and birthweight:

oocytes in vitro. Theriogenology. 2014;81:959-65.

a meta-analysis and new data. Paediatr Perinat Epidemiol.

Zhao-Jia Ge, Heide Schatten, Cui-Lian Zhang, Qing-Yuan
Sun. Oocyte ageing and epigenetics Reproduction. 2015;149:
R103-14.

4.

Care AS, Bourque SL, Morton JS, Hjartarson EP, Davidge ST.
Effect of advanced maternal age on pregnancy outcomes and
vascular function in the rat. Hypertension. 2015;65:1324-30.

5.

Arch Fam Med. 1994;3:875-8.
smoking and birth weight in a South Indian population. Br J Obstet

Weathering and Risk of Preterm Delivery. Am J Public Health.

Gynaecol. 1992;99:342-3.
20. Ahluwalia IB, Grummer-Strawn L, Scanlon KS. Exposure to

Smithells RW, Sheppard S. Possible prevention of neural-

environmental tobacco smoke and birth outcome: Increased effects

tube defects by periconceptional vitamin supplementation.

on pregnant women aged 30 years or older. Am J Epidemiol.
1997;146:42-7.

Laurence KM, James N, Miller MH, Tennant GB, Campbell

21. Fox SH, Koepsell TD, Daling JR. Birth weight and smoking during

H. Double blind randomised controlled trial of folate treatment

pregnancy – effect modification by maternal age. Am J Epidemiol.

Br Med J (Clin Res Ed).1981; 282:1509-11.
Feng Y, Wang S, Chen R, Tong X, Wu Z, Mo X. Maternal
Folic Acid Supplementation and the Risk of Congenital Heart
Defects in Offspring: A Meta-Analysis of Epidemiological
Observational Studies. Scientific Reports. 2015;5:8506.
9.

1994;5:107-12.
18. Mainous AG, Heuston WJ. Passive smoke and low birth weight.
19. Mathai M, Vijayasri R, Babu S, Jeyaseelan L. Passive maternal

before conception to prevent recurrence of neural-tube defects.
8.

the offspring of non-smoking women. J Smoking-Related Dis.

JS, O’Campo P, Burke JG, Culhane J, Elo IT. Maternal

Lancet.1980;1:647.
7.

1999;13:35-57.
17. Ahlborg G Jr. Health effects of environmental tobacco smoke on

Holzman C, Eyster J, Kleyn M, Messer LC, Kaufman

2009;99:1864-71.
6.

Obstet. 1997;60:71-82.
15. Wisborg K, Henriksen TB, Hedegaard M, Secher NJ. Smoking during

Gomes S, Lopes C, Pinto E. Folate and folic acid in the
periconceptional period: recommendations from official health
organizations in thirty-six countries worldwide and WHO.
Public Health Nutr. 2015;16:1-14.

10. Wilson RD, Johnson JA, Wyatt P, Allen V, Gagnon A, Langlois
S, Blight C, Audibert F, Désilets V, Brock JA, Koren G, Goh
YI, Nguyen P, Kapur B; Genetics Committee of the Society of
Obstetricians and Gynaecologists of Canada and The Mother risk

1994;139:1008-15.
22. Wen SW, Goldenberg RL, Cutter GR, Hoffman HJ, Cliver SP,
Davis RO, DuBard MB. Smoking, maternal age, fetal growth, and
gestational age at delivery. Am J Obstet Gynecol. 1990;162:53-8.
23. Windham G, Hopkins B, Fenster L, Swan SH. Prenatal Active or
Passive Tobacco Smoke Exposure and the Risk of Preterm Delivery
or Low Birth Weight. Epidemiology. 2000;11:427-33.
24. Dwyer JB, Broide RS, Leslie FM. Nicotine and brain development.
Birth Defects Research (Part C). 2008;84:30-44.
25. Rice D, Barone S Jr. Critical periods of vulnerability for the
developing nervous system: evidence from humans and animal
models. Environ Health Perspect. 2000;108:511-33.
26. Bernal J, Nunez J. Thyroid hormones and brain development. Eur J
Endocrinol. 1995;133:390-8.

Program. Pre-conceptional vitamin/folic acid supplementation

27. Ahmed OM, El-Gareib AW, El-Bakry AM, Abd El-Tawab SM,

2007: the use of folic acid in combination with a multivitamin

Ahmed RG. Thyroid hormones states and brain development

supplement for the prevention of neural tube defects and other

interactions. Int J Dev Neurosci. 2008;26:147-209.

congenital anomalies. J Obstet Gynaecol Can. 2007;29:1003-26.

28. Vulsma T, Gons MH, de Vijlder, JJ. Maternal-fetal transfer of

11. Castaño PM, Aydemir A, Sampson-Landers C, Lynen R. The

thyroxine in congenital hypothyroidism due to a total organification

folate status of reproductive-aged women in a randomised
trial of a folate-fortified oral contraceptive: dietary and blood
assessments. Public Health Nutr. 2014;17:1375-83.
12. Shere M, Bapat P, Nickel C, Kapur B, Koren G. Association

defect or thyroid agenesis. N Engl J Med. 1989;321:13-16.
29. Andersen SL, Olsen J, Laurberg P. Foetal programming by maternal
thyroid disease. Clin Endocrinol (Oxf). 2015 Feb 12. [Epub ahead
of print].

Between Use of Oral Contraceptives and Folate Status: A

30. Hershman JM. Physiological and pathological aspects of the effect

Systematic Review and Meta-Analysis. J Obstet Gynaecol Can.

of human chorionic gonadotropin on the thyroid. Best Pract Res Clin

2015;37:430-8.

Endocrinol Metab. 2004;18:249-65.

Risk management in obstetrics: how to reduce the risk?

5/6

Journal of Pediatric and Neonatal Individualized Medicine • vol. 4 • n. 2 • 2015

www.jpnim.com Open Access

31. Pearce EN. Thyroid disorders during pregnancy and postpartum.
Best Pract Res Clin Obstet Gynaecol. 2015;29:700-6.

Robson SC. Human trophoblast invasion and spiral artery

32. Glinoer D. The importance of iodine nutrition during pregnancy.

International Council for the Control of Iodine Deficiency
Disorders. Assessment of iodine deficiency disorders and
monitoring their elimination. 3rd ed. Geneva: WHO, 1997.
MB.

Iodine

transformation: the role of PECAM-1 in normal pregnancy,
preeclampsia, and fetal growth restriction. Am J Pathol.

Public Health Nutr. 2007;10:1542e6.
33. World Health Organization, United Nations Children’s Fund,

34. Zimmerman

48. Lyall F, Bulmer JN, Duffie E, Cousins F, Theriault A,

deficiency.

Endocr

2001;158:1713-21.
49. Lyall F. The human placental bed revisited. Placenta.
2002;23:555-62.
50. Hemberger M, Nozaki T, Masutani M, Cross JC. Differential

Rev.

expression of angiogenic and vasodilatatory factors by invasive
trophoblast giant cells depending on depth of invasion. Dev

2009;30:376e408.
35. Dunaif A, Fauser BC. Renaming PCOS-a two-state solution. J
Clin Endocrinol Metab. 2013;98:4325-8.
36. Palomba S, deWilde MA, Falbo A, Koster MP, La Sala GB,
Fauser BC. Pregnancy complications in women with polycystic
ovary syndrome. Hum Reprod Update. 2015;21:575-92.
37. Eckel RH, Grundy SM, Zimmet PZ. The metabolic syndrome.

Dyn. 2003;227:185-91.
51. Burton GJ. Oxygen, the Janus gas; its effects on human
placental development and function. J Anat. 2009;215:27-35.
52. Shore VH1,Wang TH, Wang CL,Torry RJ, Caudle MR, Torry
DS. Vascular endothelial growth factor, placenta growth factor
and their receptors in isolated human trophoblast. Placenta.
1997;18:657-65.

Lancet. 2005;365(9468):1415-28.
38. Redman C, Sargent IA. Latest advances in understanding
preeclampsia. Science. 2005;308:1592-4.
39. Deiana SF, Atzeni I, Meloni A, Soddu S, Parodo G, Puddu M,

53. De Vivo A, Baviera G, Giordano D, Todarello G, Corrado F,
D’Anna R. Endoglin, PlGF and sFlt-1 as markers for predicting
pre-eclampsia. Acta Obstet Gynecol Scand. 2008;87:837-42.

Vannelli E, Atzei A, Faa G, Fanos V, Melis GB, Paoletti AM.

54. Venkatesha S, Toporsian M, Lam C, Hanai J, Mammoto T, Kim

Placental growth factor and placental perfusion. J Pediatr Neonat

YM, Bdolah Y, Lim KH, Yuan HT, Libermann TA, Stillman

Individual Med. 2014;3(2):e030248.

IE, Roberts D, D’Amore PA, Epstein FH, Sellke FW, Romero

40. American Diabetes Association. Standards of medical care in
diabetes-2011. Diabetes Care. 2011;34:S11-61.
41. International Association of Diabetes and Pregnancy Study

R, Sukhatme VP, Letarte M, Karumanchi SA. Soluble endoglin
contributes to the pathogenesis of preeclampsia. Nat Med.
2006;12(6):642-9.

Groups Consensus Panel, Metzger BE, Gabbe SG, Persson B,

55. Boldt HB, Conover CA. Pregnancy-associated plasma protein-A

Buchanan TA, Catalano PA, Damm P, Dyer AR, Leiva AD, Hod

(PAPP-A): a local regulator of IGF bioavailability through

M, Kitzmiler JL, Lowe LP, McIntyre HD, Oats JJ, Omori Y,

cleavage of IGFBPs. Growth Horm IGF Res. 2007;17:10-8.

Schmidt MI. International association of diabetes and pregnancy

56. Laursen LS, Overgaard MT, Weyer K, Boldt HB, Ebbesen

study groups recommendations on the diagnosis and classification

P, Christiansen M, Sottrup-Jensen L, Giudice LC, Oxvig C.

of hyperglycemia in pregnancy. Diabetes Care. 2010;33:676-82.

Cell surface targeting of pregnancy-associated plasma protein

42. Bargiota A, Diamanti-Kandarakis E. The effects of old, new and

A proteolytic activity. Reversible adhesion is mediated

emerging medicines on metabolic aberrations in PCOS. Ther Adv

by two neighboring short consensus repeats. J Biol Chem.
2002;277:47225-34.

Endocrinol Metab. 2012;3:27-47.
43. Pittas AG, Lau J, Hu FB, Dawson-Hughes B. The role of vitamin

57. Byun D, Mohan S, Kim C, Suh K, Yoo M, Lee H, Baylink

D and calcium in type 2 diabetes. A systematic review and meta-

DJ, Qin X. Studies on human pregnancy-induced insulin-like

analysis. J Clin Endocrinol Metab. 2007;92:2017-29.

growth factor (IGF)-binding protein-4 proteases in serum:

44. Hahn S, Haselhorst U, Tan S, Quadbeck B, Schmidt M, Roesler S,
Kimmig R, Mann K, Janssen OE. Low serum 25-hydroxyvitamin

determination of IGF-II dependency and localization of
cleavage site. J Clin Endocrinol Metab. 2000;85:373-81.

D concentrations are associated with insulin resistance and obesity

58. Ong CYT, Liao AW, Spencer K, Munim S, Nicolaides KH. First

in women with polycystic ovary syndrome. Exp Clin Endocrinol

trimester maternal serum free β human chorionic gonadotrophin

Diabetes. 2006;114:577-83.

and pregnancy associated plasma protein A as predictors of

45. Lyall F, Bulmer JN, Kelly H, Duffie E, Robson SC. Human
trophoblast invasion and spiral artery transformation: the role of
nitric oxide. Am J Pathol.1999;154:1105-14.

pregnancy complications. BJOG. 2000;107(10):1265-70.
59. Bujold E, Roberge S, Lacasse Y, Bureau M, Audibert F,
Marcoux S, Forest JC, Giguère Y. Prevention of preeclampsia

46. Kauffman P, Black S, Huppertz B. Endovascular trophoblast

and intrauterine growth restriction with aspirin started in early

invasion: implications for the pathogenesis of intrauterine growth

pregnancy: a meta-analysis. Obstet Gynecol. 2010;116:402-14.

retardation and preeclampsia. Biol Reprod. 2003;69:1-7.

60. Roberge S, Villa P, Nicolaides K, Giguère Y, Vainio M, Bakthi

47. Jauniaux E, Hempstock J, Greenwold N, Burton GJ. Trophoblastic

A, Ebrashy A, Bujold E. Early administration of low-dose

oxidative stress in relation to temporal and regional differences

aspirin for the prevention of preterm and term pre-eclampsia:

in maternal placental blood flow in normal and abnormal early

a systematic review and meta-analysis. Fetal Diagn Ther.

pregnancies. Am J Pathol. 2003;162:115-25.

2012;31:141-6.

6/6

Piras • Orrù • Corda • Maggio • Neri • Malune • Cornacchia • Zedda • Vallerino • D’Alterio • Paoletti

