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1. Introduction 

During pregnancy, mother's well-being affects directly the newborn development. Some 
maternal and placental complications, such as gestational diabetes, preeclampsia (PE), 

preterm delivery and intrauterine growth restriction (IUGR), may contribute to fetal growth 
deviations or fetal development modifications. Usually the newborn weight correlates 

positively with placenta weight, showing the interaction between the development of 
placenta and fetal growth.  

Normal human pregnancy is associated with physiological blood changes, namely, 
neutrophilic leukocytosis, hyperlipidemia and procoagulant, hypofibrinolytic and 

inflammatory conditions. PE has been associated with an enhancement in these changes and 
with placental abnormalities, that may condition its perfusion and, therefore, feto-maternal 

transfer. The placental dysfunction, characterized by a disturbance in the angiogenic/anti-
angiogenic factors and in the hypoxia/placental reoxygenation process, seems to trigger a 

maternal endothelial dysfunction. To this maternal endothelial dysfunction may also 
contribute the oxidative stress, dyslipidemia and the inflammatory process which are 

present in maternal circulation.  

PE is a maternal pathology involving placental modifications, which is also associated with 
fetal complications. Prematurity and IUGR, are the most representative complications. In 

this chapter we will address the impact of the maternal disturbances in the newborns from a 
normal and a preeclamptic (PEc) gestation. Indeed, there are several studies in literature 

about changes in maternal circulation, but few studies about fetal blood changes in the 
presence of PE. Moreover, these studies have shown controversial results. We intend to 

focus on neonatal consequences of PE, by assessing different biochemical and hematologic 
parameters in the umbilical cord blood. In this way, we will address the effect of some 

modifications usually observed in PEc women, such as, in lipid profile, in hematologic 
profile, inflammatory and antioxidant markers, angiogenic/anti-angiogenic factors and 

hemostatic disturbances, in umbilical cord blood. 
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Disturbances in angiogenic/anti-angiogenic factors, in the lipid profile and an enhanced 

inflammatory response, in the fetal circulation, may cause a short-term effect, such as 

endothelial dysfunction. However, the impact of these modifications, that are known  

cardiovascular risk changes, in the future life of these newborn are still unknown and 

should be clarified. These neonates and their mothers should deserve, therefore, a closer 

clinical follow-up later in life.  This issue will be also addressed in this chapter. 

2. Preeclampsia 

Hypertensive diseases in pregnancy are the most common causes of mortality and maternal 

and fetal morbidity (WHO, 2005). PE is a frequent cause for hospitalization, labour 

induction and dystocic labour, reasons that justify the study of this disease. 

Some controversy exists concerning the terminology and the classification of hypertensive 

disorders; indeed, several reported studies used different classifications. The more 

consensual, is the classification proposed by the "International Society for the Study of 

Hypertension in Pregnancy" (ISSHP). The diagnosis of hypertension in pregnancy, 

according to this classification (Brown et al., 2001) is performed in accordance with the 

following criteria: an occasional measurement of diastolic blood pressure greater than 110 

mmHg, or two or more consecutive measurements equal to or greater than 90 mmHg, with 

6 hours or longer intervals between measurements. PE is defined as the onset of 

hypertension associated with proteinuria after 20 weeks of gestation, in previously 

normotensive pregnant women (Table 1). Typically, PE is asymptomatic, but in its most 

severe form it may also present with headache, epigastric pain, visual disturbances and 

changes in consciousness. 

 

Preeclampsia ISSHP classification: 

Hypertension - diastolic blood pressure ≥ 110 mmHg (an occasional measurement),  
or ≥ 90 mmHg (two or more consecutive measurements) 

Proteinuria (≥ 300 mg/day) 

Both present, after 20 weeks of gestation, returning to normal postpartum 

Table 1. Preeclampsia ISSHP classification 

Eclampsia is the most severe form of pregnancy-induced hypertension. It is characterized by 

the appearance of seizures, which may occur before, during or within 48 hrs after birth. 

Eclampsia may appear in pregnant women with moderate increases in blood pressure and 

mild proteinuria.  

2.1 Epidemiology of preeclampsia /risk factors and complications 

PE is a pregnancy specific disorder, characterized by an impaired blood perfusion of vital 

organs, including the fetal-placental unit. The prevalence of PE, although usually reported 

as 5 to 8%, presents some variations in the literature (Sibai et al., 2005; Maynard et al., 2008), 

particularly for different populations.  
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The risk of developing PE seems to be associated with some factors, such as nulliparity 

(about 2/3 of cases occur in the first pregnancy), multiple pregnancy, change of paternity, 

age over 40 years, family history of PE and eclampsia, body mass index (BMI) greater than 

35 kg/m2, diabetes, disease prior to pregnancy (e.g., diabetes mellitus, hypertension, renal 

disease and thrombophilia) and hydatidiform mole (Duckitt & Harrington, 2005; 

Magnussen et al., 2007; Jim et al., 2010). According to Magnussen et al. (2007), there is an 

enhanced risk to develop PE, when cardiovascular risk factors, such as increased 

triglycerides (TG), total cholesterol and LDLc, are present before pregnancy.  

Several studies associate smoking habits with a lower risk of developing PE (Magnussen et 

al., 2007; Wikström et al., 2010). However, maternal smoking is associated with various 

maternal and fetal complications (Kalle, 2001; Steyn et al., 2006), including placenta previa, 

low birth weight, preterm birth, miscarriage and neonatal death. 

PE is the main maternal risk factor associated with low birth weight newborns and/or 

IUGR (Table 2). Intrauterine growth restriction and/or fetal death can occur in about 

30% of PEc cases as a direct result of placental insufficiency (Jim et al., 2010). The 

neonatal complications risk is higher in cases of severe PE and eclampsia (Duley, 2009). 

IUGR is associated with a high rate of perinatal morbidity and mortality (Rizzo & 

Arduini, 2009). 

Several studies indicate that PE is associated with a higher incidence of newborns with low 

birth weight (Groom et al., 2007; Duley, 2009; Wu et al., 2009). In addition, there’s an 

increased incidence of newborns with low birth weight in pregnant women who developed 

PE at an earlier stage of pregnancy, compared with those who later developed PE (Xiong & 

Fraser, 2004; Groom et al., 2007). Prematurity is the leading cause of perinatal morbidity and 

mortality (Goldenberg et al., 2008) and PE is often associated with preterm delivery (Sibai et 

al., 2005; Goldenberg et al., 2008; Duley, 2009; Wu et al., 2009). Some neonatal complications 

resulting from PEc pregnancy are described, and are associated with prematurity, including 

jaundice, respiratory distress, apnea, seizures, hypoglycaemia and prolonged 

hospitalization (Duley, 2009; Wu et al., 2009). 

 

Newborn complications: 

Intrauterine growth restriction (IUGR) 
Prematurity 
Neurologic lesions 
Neonatal death 
Long term chronic diseases ("fetal programming" or "fetal origins of disease in adult life") 

Table 2. Newborn complications in preeclampsia 

According to Barker's theory, the origin of some adulthood chronic diseases such as 
cardiovascular diseases, hypertension and diabetes have their origin in intrauterine life 
(Barker & Bagby, 2005). This hypothesis, called "fetal programming" or "fetal origins of 
disease," suggests that the intrauterine environment in which the fetus develops may be the 
origin of diseases in adult life. Changes that may occur in intrauterine environment and that 
somehow could disrupt normal development of the fetus can trigger metabolic changes, 
which may result in the development of long-term disorders (Barker, 2004). 
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There are studies revealing that children of PEc women present in adolescence, higher 
blood pressure levels with increased risk of developing hypertension, compared to 
children of normotensive pregnant women (Vatten et al., 2003; Tenhola et al., 2006, 
Kajantie et al., 2009). In another study, adolescents with low birth weight also presented 
blood pressure values higher than adolescents who were born with adequate weight 
(Covelli et al., 2007). 

Low birth weight appears to be associated with an increased risk of developing type 2 
Diabetes mellitus(Whincup et al., 2008), cardiovascular disease (Barker & Bagby, 2005) 
and hypertension (Lenfant, 2008) in adult life. This risk appears to be even greater if, in 
addition to low birth weight, further develop a marked increase in BMI (Eriksson et al., 
2007; Barker et al., 2009). In a recent study, Raghupathy et al. (2010) mentioned that 
individuals who were underweight at birth and during infancy, followed by a sharp 
increase in BMI during adolescence, were associated with a reduction in glucose tolerance 
and development of type 2 Diabetes mellitus. 

2.2 Etiology and pathophysiology of preeclampsia 

PE is considered a multisystem disorder, affecting several organs and maternal systems, 

including the vascular system, liver, kidney and brain. Despite the intensive research in this 
area, the etiology of PE remains unknown. PE seems to have a multifactorial cause and is 

also known as the "disease of theories". In fact, there are several hypotheses raised to explain 
its etiology. Some those theories propose modifications in the trophoblastic invasion, 

immunologic intolerance between maternal and fetoplacental tissue, inflammatory changes 
in pregnancy and genetic modifications, underlying PE development.  

Although its unknown cause, it is consensual that there are modifications occurring at 
different levels, like changes in placental perfusion, increased inflammatory response with 

changes in leukocyte activation, activation of the coagulation system, endothelial 
dysfunction and changes in lipid metabolism. The most accepted theory describes two 

stages for PE (Roberts & Gammil, 2005; Steegers et al., 2010): stage 1 - reduced placental 
perfusion; stage 2 - multisystem maternal syndrome. 

According to this theory, the first pathological change in PE occurs in the uteroplacental 
circulation, resulting in an inadequate vascular remodelling and/or placental 

ischemia. In the second phase, the damaged placenta (ischemic placenta) secretes factors 
that cause endothelial dysfunction, followed by the appearance of maternal clinical 

symptoms. 

The event(s) that trigger(s) the change in the trophoblastic invasion remains unknown; 

however, genetic, immunological and environmental factors (nutritional deficiencies and 
hypoxia environment) seem to have some contribution. 

The remodelling of spiral arteries takes place at the end of the 1st trimester of pregnancy, 
and is very important, because it allows an increasing blood flow, in response to higher feto-

maternal exchanges. A failure in this process may result in reduced placental blood flow, 
causing the formation of a hypoxic environment that may trigger PE, which might be 

associated or not with IUGR. In this case, the spiral arteries have a reduction in its lumen 
and may be linked to inadequate placentation and acute atherosis, or both. 
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The placenta seems to play a key role in the pathogenesis of PE, since the clinical symptoms 
disappear only after placental expulsion. PE seems to develop after a partial failure in the 
process of placentation, a process that occurs between 6-18 weeks of gestation. In this 
condition, only some of the spiral arteries of the placental circulation are invaded by 
trophoblasts. In the myometrial spiral arteries the muscular-elastic layer is not replaced; 
therefore, vascular resistance is higher and uteroplacental flow is reduced, as compared to 
what occurs in a normal pregnancy. This decrease in placental perfusion may significantly 
affect oxygenation, nutrition and fetal development. The reduction in placental perfusion in 
PE is usually accompanied by a reduction in fetal weight for gestational age (Catarino et al., 
2008a).  

The first observations on this phenomenon have been published for over three decades 
(Brosens et al., 1972), but several authors have confirmed these observations and attempted 
to clarify the mechanisms involved (Chaddha et al., 2004; Burton et al., 2009). Doppler 
fluxometry applied to the uterine arteries allowed the confirmation of the hemodynamic 
disturbances underlying placental insufficiency, and demonstrated that in PE occurs an 
increased (circulatory) resistance of placental vascular territory (Papageorghiou & Leslie, 
2007; Boukerrou et al., 2009). As changes in placental blood flow are observed in PE before 
the onset of symptoms (Papageorghiou & Leslie, 2007), uterine artery Doppler, is performed 
early in the second trimester of pregnancy, in order to predict PE. 

In PE an acute atherosis in the myometrial spiral arteries may also develop. The acute 
atherosis is an injury similar to the atherosclerotic lesion, characterized by the presence of 
fibrin deposits, accumulation of foam cells and infiltration of mononuclear leukocytes. This 
type of injury leads to a reduction of the arteries lumen, and, thus, to a decrease in placental 
perfusion, even in the absence of an inadequate placentation (Pijnenborg et al., 2006). The 
atherosis may progress to acute vascular obstruction of the spiral arteries, reducing blood 
flow to the placenta and causing placental infarction. In a study involving 400 placentas 
from PEc women, the vascular lesions in the placenta correlated with the severity of this 
pathology (Ghidini et al., 1997). 

2.2.1 Maternal syndrome of preeclampsia 

Placenta has the ability to synthesize several molecules, including mediators of 
inflammation and angiogenic factors, whose expression appears to be regulated by oxygen 
pressure and by the presence of oxidative stress (Rusterholz et al., 2007; Redman & 
Sargent, 2009). The expression of these molecules appears to be affected in PE; placental 
hypoxia/reperfusion and placental oxidative stress seems to be involved in this regulation, 
however, other modulators may contribute to that expression, such as genetic and 
immunological factors.  

Some studies state that PE induces changes in the placental expression of tumor necrosis 
factor (TNF)-α, increasing this and other pro-inflammatory cytokines (Hung et al., 2004), 
and interleukin (IL)-6 (Bowen et al., 2005); however, there are conflicting results (Rusterholz 
et al., 2007). 

Placenta seems to be the main source of placental growth factor (PlGF) and soluble vascular 
endothelial growth factor receptor (sVEGFR)-1, during pregnancy. A change in placental 
function may, therefore, interfere with the synthesis of these angiogenic/anti-angiogenic 
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factors. It has been shown that PEc placentas present an increased expression of sFlt1 (Gu et 
al., 2008), and a decreased expression of PlGF (Gu et al., 2008). These placental factors and 
cytokines appear to be released in maternal circulation, resulting in a generalized 
endothelial dysfunction, causing the multisystem complications of a PEc pregnancy 
(Rusterholz et al., 2007; Maynard et al., 2008) (Fig. 1). 

 

Fig. 1. Possible mechanisms involved in the pathogenesis of preeclampsia 

3. Maternal and umbilical cord blood modifications 

PE is a disorder involving maternal and placental changes. It involves fetal complications, 
such as, prematurity and IUGR, which are the most representative. Newborns, whose 
mothers develop PE, usually present a lower birth weight than infants born from mothers 
with a normal pregnancy (Catarino et al., 2008a). Moreover, newborns small for gestational 
age, as well as newborns with Apgar score below 7, are frequently observed in PE (Catarino 
et al., 2008a). 

There are several studies concerning maternal modifications in PE, but there are few studies 
carried out in umbilical cord blood. We will address the effect of some modifications usually 
observed in PEc women, such as, in lipid profile, in hematologic profile, inflammatory and 
antioxidant markers, angiogenic/anti-angiogenic factors and hemostatic disturbances, in 
umbilical cord blood. 

3.1 Angiogenic/anti-angiogenic factors 

A normal placental development is essential for adequate feto-maternal nutrients and gas 
exchanges.  In addition, placenta is an important endocrine organ that synthesizes various 
hormones, cytokines and angiogenic growth factors. These factors are released into the 
maternal circulation, and may contribute to changes in endothelial function. It is 
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recognized that placenta has an important role in the protection and development of the 
fetus, promoting feto-maternal exchanges which are essential to a normal pregnancy. On 
the other hand, it is also recognized that in PE there are changes in placental development 
(Pijnenborg et al., 2006; Young et al., 2010), which can compromise the feto-maternal 
exchange, limiting fetal development, and trigger a maternal and fetal response to adapt 
to these changes.  

Angiogenic factors have been subject of intensive research in recent years, as they appear 
to be involved in the aetiology of PE.  Several studies show a decrease in the concentration 
of PlGF (Polliotti et al., 2003; Levine et al., 2004) and an increase in circulating levels of 
sVEGFR-1 (McKeeman et al., 2004; Levine et al., 2004) in PEc women. Nevertheless, there 
is some controversy regarding the concentration of VEGF in pregnant women with PE 
(Simmons et al., 2000; McKeeman et al., 2004). Since sVEGFR-1 is an antagonist of PlGF 
and VEGF, there is a reduction of the effects of these factors, i.e., a change in angiogenesis 
and in endothelial function (Luttun & Carmeliet, 2003). The anti-angiogenic effect in 
pregnant women with PE seems to disappear after delivery (Maynard et al., 2008; Myatt & 
Webster, 2009), strengthening the involvement of placental factors in PE. VEGF plays an 
important role in vascular development, especially at placenta level, but also induces NO 
and prostaglandins synthesis, which are mediators of vasodilation (Myatt & Webster, 
2009). 

The processes of vasculogenesis/angiogenesis are crucial for the development of 
uteroplacental circulation and placenta. In a study performed by our group (Catarino et al., 
2009a), we observed a disturbance of the angiogenic/anti-angiogenic factors in the maternal 
circulation in PE. PEc women had significantly higher levels of sVEGFR-1 (Fig. 2B) and 
VEGF values and significantly lower PlGF levels (Fig. 2A). This disruption in angiogenesis 
factors seems to be associated with placental dysfunction, since these factors are mainly 
produced by the placenta (Kaufmann et al., 2004), during pregnancy.  

We also observed a positive correlation between levels of PlGF and maternal placental 
weight, in PEc pregnancy, which highlights the importance of PlGF in placental 
development (Catarino et al., 2009a). It is worthy to note that sVEGFR-1, an inhibitor of 
PlGF and VEGF, was significantly correlated with the amount of proteinuria, a marker of PE 
severity, suggesting an important role of sVEGFR-1 in the pathogenesis of PE (Catarino et 
al., 2009a). The abnormal development of the placenta in PE, reduces the placenta perfusion 
and may also contribute to the observed increase in the amounts of sVEGFR-1 and VEGF, 
since the tissue hypoxia regulates its production, stimulating it. 

In cord blood samples of PEc cases, we observed a significant decrease in PlGF (Fig. 2C) and 
VEGF concentrations and a significant increase in the levels of sVEGFR-1 (Fig. 2D) (Catarino 
et al., 2009a). This disruption, particularly at values of PlGF and sVEGFR-1, seems to be an 
indirect indicator of the involvement of placental dysfunction in PE, since both are produced 
primarily in the placenta. 

The observed correlation between mother and child for sVEGFR-1 seems to indicate that the 
release of these factors by placenta, occurs both for the maternal and fetal circulation. 
However, the levels of sVEGFR-1 are higher in the blood of mothers, when compared with 
cord blood levels, which allows us to suppose that decidua, since it is able to secrete 
sVEGFR-1 (Lockwood et al., 2007), may also contribute for maternal levels of sVEGFR-1. 
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Fig. 2. Concentrations of PlGF in maternal blood (A) and cord blood (C), and sVEGFR-1 
levels in maternal blood (B) and cord blood (D) from women with preeclampsia (PE) or with 
normal pregnancy (N). (Adapted from Catarino et al., 2009a) 

3.2 Endothelial dysfunction 

Several investigators support the hypothesis that in PE endothelial dysfunction occurs, what 
contributes to the onset of maternal clinical manifestations. Furthermore, this dysfunction 
seems to be the link between changes in placental and multisystem complications (Roberts 
& Gammil, 2005; Young et al., 2010).  

In literature, a large number of studies describing changes in endothelial function markers 
in PE can be found, in particular, an increase of plasma endothelin-1 (Baksu et al., 2005a; 
Bernardi et al., 2008a), soluble vascular cell adhesion molecule (sVCAM), plasma fibronectin 
(Aydin et al., 2006; Dane et al., 2009) and tissue fibronectin (Powers et al., 2008), a decrease 
of plasma and urinary nitric oxide (NO) levels (Baksu et al., 2005a; Mao et al., 2009). 

PE is thus associated with a decrease in vasodilatory mediators such as NO and 
prostacyclin, and an increase in vasoconstrictive mediators such as endothelin-1, 
angiotensin II and thromboxane A2 (Myatt & Webster, 2009). There are also markers related 
with hemostasis that are altered in PE and can also be considered as markers of endothelial 
dysfunction (see Hemostasis section). 

In PE, there are several entities that may induce or contribute to injury and/or endothelial 
dysfunction. These include changes at the level of angiogenic factors/anti-angiogenic, the 
presence of oxidative stress, exacerbation of the inflammatory process, changes in lipid 
profile and also a hypoxic environment (Myatt & Webster, 2009). 
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3.3 Hemostasis 

The hemostatic system is altered in PE, which may increase the incidence of maternal and 
fetal complications. In PEc women, a decrease in the number of platelets compared with 
normal pregnancy is frequently described (Howarth et al., 1999; Osmanağaoğlu et al., 2005), 
and thrombocytopenia may occur. Maternal thrombocytopenia is usually associated with 
more severe pathology, including the HELLP syndrome. Harlow et al. (2002) stated that the 
decrease in the platelets value is the result of an increase in consumption, as they observed 
intense platelet activation in patients with PE compared with other pregnancy hypertensive 
diseases and normal pregnancy. On the other hand, the increase in the mean platelet volume 
(increased younger platelets, with larger size) (Howarth et al., 1999) and the higher 
thrombopoietin circulating levels (specific growth factor that promotes thrombocytopoiesis) 
in women with PE (Johnson et al., 2001), reflect an increase in platelet production. Thus, the 
reduction of platelet count in PE seems to be due to a higher consumption. 

The fibrinolytic system is usually disturbed in PE, due to increased plasminogen activator 
inhibitor (PAI)-1 and PAI-2. Several studies describe a significant increase in plasma 
levels of PAI-1 in cases of PE compared to normal pregnancy (Belo et al., 2002a; Tanjung 
et al., 2005; Sartori et al., 2008; Hunt et al., 2009). The expression of PAI-1 is also elevated 
in placentas from PEc pregnant women, and PAI-1 plasma levels seem to be positively 
correlated with the severity of placental damage (Estelles et al., 1998). PAI-2 can be 
considered a marker of placental function, as it is mainly synthesized at trophoblastic 
tissue. In PE a decrease in plasma PAI-2 seems to occur (Roes et al., 2002; Tanjung et al., 
2005; Sartori et al., 2008), suggesting a modification of placental function. Considering the 
increased PAI-1 and the decrease of PAI-2, some authors suggest that the rise in the ratio 
PAI-1/PAI-2 in maternal plasma may be considered a marker of PE (Chappell et al., 2002; 
Hunt et al., 2009). Several authors report that tissue plasminogen activator (tPA), one of 
the physiological plasminogen activators, is increased in PE (Belo et al., 2002a; Tanjung et 
al., 2005; Hunt et al., 2009).  Increased levels of D-dimers (fragments of fibrin degradation 
products) were also reported in PE (Belo et al., 2002a; Hunt et al., 2009), reflecting an 
increase in the activation process of coagulation and fibrinolysis. The production of D-
dimer depends on the formation of thrombin, resulting from activation of the coagulation 
and fibrinolytic systems. At hemostatic level changes in other parameters, such as a 
decrease in antithrombin III (Osmanağaoğlu et al., 2005; Tanjung et al., 2005) and an 
increase in thrombin-antithrombin complex (TAT) in PE (Hunt et al., 2009) were 
described. 

In order to clarify the involvement of hemostatic abnormalities in PE, we assessed 
fibrinolytic markers, in particular, tPA and PAI antigens and fibrin degradation products 
(D-dimers). We found that the values of tPA (Fig. 3A) and PAI-1 were significantly higher in 
PE, without changes in D-dimers (Catarino et al., 2008b). The high levels of tPA and PAI-1 
suggest endothelial dysfunction in this syndrome, as both substances are produced by the 
endothelial cell and exert antagonic roles in the fibrinolytic process. In addition, both PAI-1 
and tPA present positive correlations with proteinuria, suggesting that the severity of PE is 
associated with increased activation/endothelial dysfunction (Catarino et al., 
2008b). Furthermore, the maternal endothelial (dys)function, appears to be related to 
placental (dys)function, considering the positive correlation that we observed between tPA 
and sVEGFR-1 values in normal and PEc pregnancy (Catarino et al., 2009a). 

www.intechopen.com



 
From Preconception to Postpartum 

 

278 

As already mentioned, different hemostatic modifications are recognized in normal and in 
PEc pregnancy; however, the exact pattern of these changes in the fetus is still poorly 
understood.  Some authors have reported a decrease in fibrinogen levels, but there were no 
differences in tPA, PAI-1 and D-dimer (Zanardo et al., 2005), while others reported an 
increase in PAI-1, however with no differences in tPA values (Roes et al., 2002). Higgins et 
al. (2000) suggest that infants are somehow protected, at hemostatic system level, since no 
differences in D-dimers were observed in newborns whose mothers developed PE (Higgins 
et al., 2000). In a study performed by our group (Catarino et al., 2008b), we also observed 
similar values of D-dimers. However, and similarly to what we observed in PEc mothers, 
significantly increased tPA values were found in the newborns of these women (Fig. 3B). 
Our results suggest that these changes do not arise in response to activation of coagulation, 
but as a result of endothelial cell dysfunction. Furthermore, we observed a relationship 
between placental dysfunction and endothelial dysfunction in fetal circulation in PE, 
suggested by the positive significant correlation that we identified between the levels of tPA 
and sVEGFR-1 in umbilical cord blood (Catarino et al., 2009a).  

 

Fig. 3. Maternal (A) and fetal (B) tPA levels in PE and normal pregnancy. (Adapted from 
Catarino et al., 2008b) 

3.4 Oxidative stress 

In PE there is evidence of oxidative stress that results from an increased production of 
oxidizing agents that is not counteracted by antioxidant activity. In fact, an increase in 
reactive oxygen species, namely in superoxide anion, and a decrease in superoxide 
dismutase (SOD) activity is observed in trophoblast cells from PEc women (Wang & Walsh, 
2001). Different studies demonstrate the development of oxidative stress in PE (Raijmakers 
et al., 2004; Roberts & Gammil, 2005); either by decreased concentrations of antioxidants, or 
indirectly by increased lipid peroxidation in maternal circulation, that results from the 
action of oxygen metabolites, provided by leukocyte activation and/or increased cellular 
metabolism. The oxidative stress can also take place at the placenta, as a result of the 
hypoxia/reoxygenation mechanism (intermittent placental perfusion) observed in placentas 
of pregnant women with PE (Hung & Burton, 2006). 

The preterm infants have a lower antioxidant capacity and are therefore more susceptible to 
oxidative stress triggered at birth, which appears to be associated with complications, 
including retinopathy and bronchopulmonary dysplasia (Saugstad, 2003). However, there 
are conflicting results considering oxidative stress in newborns. Some studies describe an 
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increase of lipid peroxidation (MDA), followed by decreased total antioxidant capacity and 
ascorbic acid levels in newborns whose mothers developed PE (Mehendale et al., 2008; 
Howlader et al., 2009), while other studies report no difference in lipid peroxidation 
(Tastekin et al., 2005; Braekke et al., 2006).  

Experimental studies (Poston et al., 2006; Rahimi et al., 2009; Xu et al., 2010), performed in 
pregnant women at risk, showed no beneficial effect on the antioxidant consumption such 
as vitamins E and C, in preventing the development of PE, despite the evidence for the 
involvement of a state of oxidative stress in PE. In fact, according to these trials, antioxidant 
therapy does not appear to be sufficient to prevent the development of the PE, further 
increasing the risk of neonatal complications, including increased rate of newborns with low 
birth weight (Poston et al., 2006; Rahimi et al., 2009). 

3.5 Inflammation 

There are various mechanisms by which oxidative stress is linked to the inflammatory 

process. During the inflammatory response production and release of reactive oxygen 

metabolites occurs leading to oxidative stress. On the other hand, products of oxidative 

stress, such as those resulting from lipid peroxidation, are considered pro-inflammatory.  

PE may be considered as an exacerbated inflammatory condition compared with 

physiological pregnancy, which appears to contribute to endothelial dysfunction. Initially, 

there is a localized inflammatory response within the placenta, while in a second phase 

predominates a systemic inflammatory response. Numerous studies have reported an 

increase of pro-inflammatory cytokines such as IL-6 and TNF-α (Bernardi et al., 2008b; 

Guven et al., 2009; Ouyang et al., 2009) in pregnant women with PE, when compared with 

normotensive pregnant women.  

Concerning acute phase proteins, C-reactive protein (CRP) is probably the most studied one, 

mainly due to its sensibility in detecting inflammation, with a significant increase being 

observed in PEc pregnancy (Belo et al., 2003; Tjoa et al., 2003; Guven et al., 2009). Tjoa et al. 

reported an increase in plasma concentration of CRP between 10 and 14 weeks of gestation 

in pregnant women who subsequently developed PE and gave birth to newborns with 

growth restriction (Tjoa et al., 2003).  

Cell adhesion molecules (CAM), necessary for the adhesion of leukocytes to vascular 

endothelium, are also altered in PE. Despite some contradictory results, plasma levels of 

(sICAM)-1, soluble vascular cell adhesion molecule (sVCAM)-1, soluble platelet endothelial 

cell adhesion molecule (sPECAM)-1 and soluble E-selectin are raised in PEc pregnant 

women (Kim et al., 2004; Chavarrνa et al., 2008). 

The neutrophil activation also seems to be associated with PE, as some studies mentioned an 

increase in circulating levels of myeloperoxidase (Mellembakken et al., 2001; Gandley et al., 

2008) and elastase (Belo et al., 2003; Gupta et al., 2006), both released during the 

degranulation of neutrophils in the inflammatory process. 

The increase in inflammatory markers in the maternal circulation could result from the 
release of substances from the placenta (local inflammation), then triggering a systemically 
inflammatory response. Some authors have suggested that tissue hypoxia resulting from 
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reduced placental perfusion, determines an unregulated production of different cytokines, 
including TNF-α, which is reflected in an increase in the maternal circulation (Rusterholz et 
al., 2007; Redman & Sargent, 2009).  

There is little information for the assessment of inflammatory markers in newborns. 

Braekke et al. (2005) found no evidence of inflammation in cord blood of newborns from 

pregnant women with PE, because no differences in CRP or in calprotectin where 

detected. For studies addressing CAM, the existing information is somewhat 

contradictory, as is the case for oxidative stress. Some authors have reported an increased 

expression of L-selectin and integrins on the surface of neutrophils (Mellembakken et al., 

2001; Saini et al., 2004) in the fetal circulation in PEc pregnancy, demonstrating an 

activation of neutrophils. It was also described a decrease in sL-selectin and sE-selectin in 

the fetal circulation of PEc pregnancy. However, other researchers found no differences 

between the fetal circulation to a normal pregnancy and PE on levels of sICAM, sVCAM 

and sE-selectin (Kraus et al., 1998). 

The marked inflammatory response in maternal circulation, in the case of PE, seems to be 

also accompanied by increased inflammatory markers at umbilical cord blood level. Both 

CRP and α1-antitrypsin are elevated in cord blood, suggesting the presence of an 

inflammatory response, although less intense than in the maternal circulation (unpublished 

data). 

3.6 Lipid profile 

The physiological hyperlipidemia observed in healthy pregnant women is further 

exacerbated in PE. PE is characterized by intense changes of lipid profile (Ray et al., 2006) 

similar to what happens in atherosclerosis. Several studies indicate a significant increase 

in serum triglycerides (TG) in PEc pregnancy, compared with normal pregnancy (Belo et 

al., 2002b; Baksu et al., 2005b; Bayhan et al., 2005). This is probably the most consistent 

finding in lipid profile. In a study performed by our group the most pronounced lipid 

modification that we found was for TG levels (Fig. 4A), which doubled its value in PE in 

relation to normal pregnancy (Catarino et al., 2008a). Furthermore, TG levels correlated 

positively and significantly with proteinuria, a known marker of PE severity (Catarino et 

al., 2008a). In agreement with this, free fatty acids also appear to be higher in PE (Villa et 

al., 2009). 

It is also referred an increase in LDLc (Bayhan et al., 2005) and total cholesterol (Bayhan et 

al., 2005) and a decrease in hight HDLc (Belo et al., 2002b; Baksu et al., 2005b; Bayhan et al., 

2005) in PE compared with normal pregnancy. However, these parameters are not always 

altered in PE (Baksu et al., 2005b; Manten et al., 2005) and, when they do, the extent of 

modification is not so pronounced as with TG. 

Another biochemical parameter also subject to some controversy is the lipoprotein (a) 

[Lp(a)]; some studies reported no significant differences in Lp(a) levels in PEc pregnancy 

(Belo et al., 2002c; Baksu et al., 2005b), while others described an elevation of Lp(a) in PE 

(Bar et al., 2002; Bayhan et al., 2005). Moreover, Mori et al. described a positive correlation 

between maternal Lp(a) levels and the severity of PE (Mori et al., 2003). 
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In PE there is a change in the lipoprotein subclasses profile, particularly a predominance of 
small and dense LDL (Sattar et al., 1997). The increase of small, dense LDL fraction is 

especially important, since this is considered the most atherogenic and also more susceptible to 
oxidation (Wakatsuki et al., 2000), resulting in the formation of oxidized LDL. The oxidized 

LDL appears to play a crucial role in endothelial (dys)function observed in PE and some 
authors report that PE is associated with an increase in oxidized LDL levels (Uzun et al., 2005; 

Kim et al., 2007). However, other articles referred that there are no significant differences in 
relation to normal pregnancy (Belo et al., 2005; Qiu et al., 2006). Since oxidized LDL is 

immunogenic, the formation of autoantibodies to oxidized LDL occurs in circulation; some 
authors also confirm the increase of autoantibodies to oxidized LDL in the circulation of PEc 

pregnant women (Uotila et al., 1998). In contrast, other study report no changes (Jain et al., 
2004). Additionally, it was proposed that pregnant women who present an increase in 

oxidized LDL plasma levels are associated with increased risk of developing PE (Qiu et al., 
2006). Most changes found in lipid profile, including increased plasma TG and VLDL (TG-

rich), decreased HDLc and an increase in small, dense LDL subfraction represent a risk profile 
similar to that predisposing to atherosclerosis and cardiovascular disease (Crowther, 2005). 

Some authors also propose that changes in lipid metabolism may contribute to the endothelial 
dysfunction, a key step in the atherosclerotic process (Bayhan et al., 2005; Ray et al., 2006).  

Hypertriglyceridemia may contribute to endothelial dysfunction, but may also reflect placental 

dysfunction, since, unlike free fatty acids and cholesterol, TG does not cross the placenta and 

have no receptors in the placenta (unlike what happens with lipoproteins). For this, it is 

necessary that the lipoprotein lipase, which is abundant in the placenta, ensures the TG 

hydrolysis to be transferred in the form of free fatty acids to the fetus. It is possible that this 

hydrolysis is impaired in PE, causing a TG accumulation in maternal blood and a reduction in 

the nutrients uptake by the fetus. On the other hand, the significant increase of TG in maternal 

blood can be regarded as a physiological mechanism to increase the nutrients supply to the 

fetus, take into consideration the greater difficulty of nutrients transfer through the placenta. 

Considering that in PE also occurs a change in placental perfusion, fetal lipid profile may 

also be affected due to disturbances in placental transfer of lipids. Rodie et al. (2004) 

reported an increase in TG levels, total cholesterol and total cholesterol/HDLc ratio in 

newborns of pregnant women who developed PE, although no correlation between the lipid 

and lipoprotein levels between mothers and newborns was observed. In turn, Ophir et al. 

(2006) found no differences in TG or total cholesterol, only observed an increase of LDLc in 

umbilical cord blood from PEc pregnancy. In our previous study, newborns of mothers with 

PE showed decreased levels of lipids and lipoproteins (exception for HDLc), but a 

significant increase in TG (Fig. 4B) (Catarino et al., 2008a).  

As already noted, the increase of TG in maternal blood can result from a physiological 
mechanism of compensation. The high levels of TG in newborns of mothers with PE may, 
therefore, be a reflection of increased values in the maternal circulation. 

Some authors argue that to compensate the difficulty of transferring these nutrients will 
notice an increased expression of a particular type of receptor, for example to LDL. Other 
authors propose that there is an increased blood flow to overcome the difficulty in 
transferring nutrients and/or gas and that this adaptation is that justifies the increase in 
maternal blood pressure characteristic of PE. 
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Fig. 4. Maternal (A) and UCB (B) TG levels in PE and normal pregnancy (N). (Adapted from 
Catarino et al., 2008a) 

The impact of the changes in lipid profile in the future of newborns from PEc mothers is 
uncertain. However, the increase in TG, the ratio LDLc/HDLc and Apo B/Apo AI, suggest 
that these infants present an increment in their cardiovascular risk. 

3.7 Hematologic system 

When compared with normal pregnancy PE presents an exacerbation of inflammatory and 

oxidative stress markers. The release of mediators resulting from inflammatory cell 

activation can trigger changes in surrounding cells. These cell activation products may 

contribute to erythrocyte damage, accelerating their aging process and its premature 

removal. This hypothesis can be tested by evaluating markers of erythrocyte production, 

damage/aging and removal.  

3.7.1 Plasma volume/erythrocyte number 

Throughout pregnancy, plasma volume increases gradually, reaching its maximum at about 
30 weeks of gestation. This increase would correspond to about 50% of the average plasma 
volume in non-pregnant woman (Gordon, 2002) and is essential to face the decrease in 
vascular resistance within the feto-placental unit, protecting the mother and the fetus from 
hypotension. It is also important in case of bleeding during the delivery (Gordon, 2002). The 
erythrocyte number increases progressively until the end of pregnancy. This increase may 
reach 18% in pregnant women without iron supplementation or 30% when diet is 
accompanied by iron supplements (Gordon, 2002).  

Since plasma volume increases at an earlier stage of pregnancy and more rapidly than the 
increase in the erythrocyte number, the hematocrit decreases until the end of the second 
trimester. This hemodilution leads to anemia, commonly known as "physiologic anaemia of 
pregnancy". Therefore, only when pregnant women present a hematocrit below 0.33 l/l and 
hemoglobin below 11g/dL, there is a true anemia. From the third trimester, when the 
increase in plasma volume is accompanied by an equivalent increase in erythrocyte number, 
the hematocrit stabilizes or increases slightly until the end of pregnancy. During pregnancy, 
in response to the increased "turnover" of hemoglobin, due to the increased demand of 
oxygen consumption, there is an increased synthesis of erythropoietin (Gordon, 2002) - a 
specific erythropoiesis growth factor. Erythropoietin acts at bone marrow, stimulating the 
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erythrocyte differentiation, proliferation and the early release of reticulocytes in peripheral 
blood. The decreased affinity for oxygen of maternal hemoglobin, caused by increased 2,3-
diphosphoglycerate within erythrocytes, represents a compensation mechanism for the 
increased oxygen consumption needed for oxygen transfer to fetus. This transfer is also 
favoured by the higher oxygen affinity of fetal hemoglobin, which is the predominant form 
of fetal hemoglobin.  

To respond to the erythropoietic stimulation, there is a mobilization of maternal iron stores 
and an increase in intestinal iron absorption (Gordon, 2002). To overcome this increase in 
iron demands during pregnancy, iron supplements are usually given to maintain maternal 
iron stores, usually after 20 weeks of gestation (Cunningham et al., 2005). During normal 
pregnancy there is an increase of younger erythrocytes, as shown by an increased number of 
circulating reticulocytes and, consequently, an increase in "red cell distribution width" 
(RDW) (Shebat et al., 1998). Tissue hypoxia that occurs physiologically during pregnancy 
appears to stimulate erythropoietin production, resulting in reticulocyte release from bone 
marrow into the bloodstream (Lurie & Mamet, 2000). 

3.7.2 Erythrocyte membrane protein band 3  

The human erythrocyte has a lifespan of about 120 days, being removed from the 
circulation, mainly, by the spleen. Mature erythrocyte has no nuclei and organelles, and 
presents a very limited biosynthetic capacity, accumulating physical and/or chemical 
changes throughout its life span. Several modifications occur with cell aging, namely, 
reduction in cell volume, enzyme activity, antioxidant capacity and deformability.  

The erythrocyte membrane protein band 3 is a transmembrane protein, also known as an 
anion channel, as it mediates the exchange of HCO-3 and Cl- ions, which is important for the 
transport of CO2 from the tissues to the lungs. Band 3 links the cytoskeleton to the 
membrane lipid bilayer, participating in the maintenance of cell morphology.  Band 3 is also 
involved in the removal of senescent/damaged erythrocytes (Wang, 1994).  

The development of oxidative stress may occur when exogenous oxygen metabolites 
diffuse through the membrane or when oxygen metabolites result from autoxidation of 
hemoglobin, and the red blood cell (RBC) is unable to detoxify the cell, due to depletion in 
antioxidant defenses. Accumulation of oxygen metabolites can cause hemoglobin 
oxidation that has a high affinity for the cytoplasmic domain of band 3 (Fig. 5) (Low et al., 
1985). This linkage causes band 3 oligomerization and/or aggregation (Waugh et al., 
1987), which is recognized by natural autoantibodies anti-band 3 IgG (Fig. 5). The 
autoantibodies anti-band 3 have a higher affinity for Band 3 oligomers than for band 3 
monomers (Lutz, 1992). The band 3 aggregates will act as a neoantigen on the erythrocyte 
membrane surface, marking the aged or injured erythrocyte for removal by macrophages 
of the reticulo-endothlial system. Thus, an increase in membrane-
bound hemoglobin (MBH) (Santos-Silva et al., 1998) and in band 3 aggregation are good 
markers of erythrocyte senescence and/or damage. 

Changes in band 3 profile (% of band 3 monomers, aggregates and proteolytic fragments), 
besides that associated to erythrocyte aging, were also reports in different inflammatory 
models, namely, in myocardial infarction (Santos-Silva et al., 1995), ischemic stroke  (Santos-
Silva et al., 2002) and in high competition physical exercise  (Santos-Silva et al., 2001). In 
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vitro studies showed that neutrophil activation and elastase, a leukocyte 
activation product, trigger changes in band 3 profile that are similar to those found in 
inflammatory conditions and senescent erythrocyte (Santos-Silva et al., 1998).  Senescent 
and/or damaged erythrocyte show an increase in band 3 aggregates and a decrease 
in band 3 monomers and fragments.  

 

Fig. 5. Illustration of erythrocyte removal mechanism, mediated by band 3 aggregation. 

Belo et al. (2002d) reported changes in band 3 profile, in pregnancy and in puerperium. In 
the first trimester, pregnant women, when compared with non-pregnant women, showed 
decreased aggregates of band 3 and increased total fragments. During 
pregnancy, an increase of total fragments was also observed, suggesting a rise in younger 
erythrocytes (Belo et al., 2002d). 

The exacerbated inflammatory process of pregnancy (which can limit the absorption and 
mobilization of iron for erythropoiesis), the development of oxidative stress (triggering 
cumulative oxidative damages in erythrocytes) and the changes in placental perfusion 
(reduction of feto-maternal oxygen transfer and placental hypoxia), all observed in PE, 
seems to cause oxidative modifications in erythrocytes and disturbances in the 
erythropoietic process. In a study by our group, PEc mothers showed an increase in 
erythrocyte number, reticulocyte number and reticulocyte production index (RPI), 
reflecting an erythropoietic stimulus, which may be triggered by an accelerated removal 
of aged/damaged erythrocytes (Catarino et al., 2009b). In fact, in PEc women, an increase 
in MBH and changes in band 3 profile (with an increase in band 3 aggregates) were 
observed (Fig. 6) (Catarino et al., 2009b). The increase in bilirubin levels, suggests that 
these lesions led to the early removal of damaged erythrocytes. In fact, high MBH levels 
are consistent with increased oxidative stress and inflammation associated with PE. The 
band 3 profile, observed in PE, seems to reflect the existence of a heterogeneous 
erythrocyte population, ie, a senescent erythrocyte subpopulation (more band 3 
aggregates) and a younger erythrocyte subpopulation (reticulocyte, less band 3 
aggregates). This reflects a stimulation of the erythropoietic response that seems to mask 
the erythrocyte injury. 
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Fig. 6. Erythrocyte band 3 profile in maternal (M) blood and umbilical cord blood (UCB), in 
normal pregnancy and preeclampsia (PE) (Adapted from Catarino et al., 2009b) 

As was observed in PEc mothers, their newborns had significantly higher MBH and evidences 
of an erythropoietic stimulation, with an increase in erythrocytes, in nucleated red blood cell 
(NRBC), reticulocyte count and RPI (Catarino et al., 2009b). This erythropoietic stimulation can 
occur in response to tissue hypoxia, due to the reduced placental perfusion, with lower oxygen 
transfer to fetal erythrocytes. Erythropoietic stimulation may also be triggered by tissue hypoxia 
resulting from increased erythrocyte removal, due to increased RBC injury and/or aging. There 
were no significant differences in the band 3 profile (Fig. 6) (Catarino et al., 2009b). As already 
mentioned, the increase of NRBC and reticulocytes, a younger erythroid population, prominent 
in the fetal circulation, may mask the injury observed in the mature erythrocyte population. The 
increase in MBH in PEc cases, shows an increase of oxidative stress in erythrocytes, as a result in 
raised hemoglobin oxidation with subsequent membrane binding. 

4. Concluding remarks 

PE is a hypertensive disorder of pregnancy that affects several organs and systems. 
Although important quantitative information exists regarding maternal blood modifications 
in PE, few studies have addressed the influence of this syndrome in newborns from PEc 
mothers. Moreover, many of the results available in the literature are controversial. The 
main changes that our group observed in biochemical and hematological umbilical cord 
blood of newborns from PEc pregnancy when compared with the newborn from normal 
pregnancy are described in table 3. 

The placental dysfunction associated with hypoxia/reoxygenation of the placenta in PE, in 
the maternal circulation appears to trigger endothelial dysfunction (Fig. 7). To this 
dysfunction may contribute the hypertriglyceridemia, oxidative stress and the exacerbation 
of the inflammatory condition. Placental dysfunction, associated with the changes observed 
in maternal blood, seem to limit the transfer of oxygen and nutrients and, eventually, an 
abnormal release of products synthesized by the placenta to the fetal circulation; these 
changes seem to trigger a fetal response in order to adapt to this condition, with the 
development of endothelial dysfunction, dyslipidemia, and inflammatory response, similar 
to what occurs in the mother, although less intense. The reduction of oxygen transfer to the 
fetus associated with oxidative stress, determines oxidative damage in erythrocytes and an 
erythropoietic stimulation (Fig. 7). 
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Placental dysfunction  ↓↓↓PlGF        ↑↑sVEGFR-1       ↓VEGF 

Endothelial dysfunction  ↑tPA         ↓↓PAI-1/tPA 

Lipid profile ↑TG       ↓↓↓HDLc       ↓↓Apo A-I      ↑↑↑LDLc/HDLc 

Inflammation ↑α1- antitrypsin       ↑CRP 

Leukocyte activation  ↑sVCAM              ↓↓sL-Selectin 

Oxidative stress  ↑↑↑Uric acid 

Erythrocyte 
(damage/remove/production)

↑↑↑MCV               ↑↑↑MCH             ↑NRBC 
↑Reticulocytes     ↑RPI      ↑↑↑MBH 

PlGF, placental growth factor; sVEGFR-1, soluble vascular endothelial growth factor receptor type 1; 
VEGF, vascular endothelial growth factor; tPA, tissue plasminogen activator; PAI-1, plasminogen 
activator inhibitor;  TG, triglycerides; HDLc, HDL cholesterol; LDLc, LDL cholesterol; Apo, 
apolipoprotein; CRP, c-reactive protein; sVCAM, soluble vascular cell adhesion molecule; MCV, mean 
cell volume; MCH, mean cell hemoglobin; NRBC, nucleated red blood cell; RPI, reticulocyte production 
index; MBH, membrane-bound hemoglobin ↑↑↑ - P<0.001; ↑↑ - P<0.01; ↑ - P<0.05  

Table 3. Main changes observed in biochemical and hematological umbilical cord blood of 

newborns from PEc pregnancy when compared with the newborn in normal pregnancy.  

 

Fig. 7. Schematic of some modifications observed in maternal and cord blood. IUGR, 

intrauterine growth restriction; SGA, small for gestational age.  

In summary, most of the changes observed in the maternal circulation in PE women are also 

present in the cord blood of their newborns, although these changes are less pronounced. 

PE shares several similarities with atherosclerosis, such as modifications in the lipid profile, 
amplification of the inflammatory process and increased oxidative stress. These changes 
may contribute to disturbe cell activation with subsequent endothelial dysfunction. Some 
studies have suggested that pregnant women who developed PE have a predisposition to 
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develop, at long term, cardiovascular diseases. Changes in the inflammatory response and 
endothelial dysfunction observed in umbilical cord blood of newborns from mothers with 
PE, may also have an increased risk to develop cardiovascular diseases in the future. 

It would be especially interesting to study these and other parameters associated with 
cardiovascular risk in children born from mothers who developed PE during pregnancy at 
different stages of its growth and also to study in women with a history of PE. 

5. Acknowledgements 

The authors are grateful to the nursery group of Obstetrics Service of Hospital S. João, in 
particular to nurse Célia Ribeiro for her generous help in the maternal and cord blood 
collection. This work was supported by FCT and FSE for PhD grant (SFRH/BD/7056/2001). 

6. References 

Aydin T., Varol F. & Sayin N. (2006). Third trimester maternal plasma total fibronectin levels 

in pregnancy-induced hypertension: results of a tertiary center. Clin Appl Thromb 

Hemost, Vol. 12, No. 1, pp. 33-9, ISSN 1076-0296 

Baksu B., Davas I., Baksu A., Akyol A. & Gulbaba G. (2005a). Plasma nitric oxide, 

endothelin-1 and urinary nitric oxide and cyclic guanosine monophosphate levels 

in hypertensive pregnant women. Int J Gynaecol Obstet, Vol. 90, No. 2, pp. 112-7, 

ISSN 0020-7292 

Baksu B., Baksu A., Davas I., Akyol A. &  Gulbaba G. (2005b) Lipoprotein(a) levels in 

women with pre-eclampsia and in normotensive pregnant women. J Obstet 

Gynaecol Res, Vol. 31, No. 3, pp. 277-282, ISSN 1341-8076 

Bar J., Harell D., Bardin R., Pardo J., Chen R., Hod M. & Sullivan M. (2002). The elevated 

plasma lipoprotein(a) concentrations in preeclampsia do not precede the 

development of the disorder. Thrombosis Research, Vol. 105, pp. 19–23, ISSN 0049-

3848 

Barker D. (2004). The Developmental Origins of Adult Disease. J Am Coll Nutr, Vol. 23, No. 

6, 588S–595S, ISSN 0731-5724 

Barker D. & Bagby S. (2005). Developmental antecedents of cardiovascular disease: a 

historical perspective. J Am Soc Nephrol, Vol. 16, No. 9, pp. 2537-44, ISSN 1046-6673 

Barker D., Osmond C., Kajantie E. & Eriksson J. (2009). Growth and chronic disease: findings 

in the Helsinki Birth Cohort. Ann Hum Biol, Vol. 36, No. 5, pp. 445-58, ISSN 0301-

4460 

Bayhan G., Koηyigit Y., Atamer A., Atamer Y. & Akkus Z. (2005). Potential atherogenic roles 

of lipids, lipoprotein(a) and lipid peroxidation in preeclampsia. Gynecol Endocrinol, 

Vol. 21, No. 1, pp. 1-6, ISSN 0951-3590 

Belo L., Caslake M., Gaffney D., Santos-Silva A., Pereira Leite L., Quintanilha A. & Rebelo I. 

(2002a). Changes in LDL size and HDL concentration in normal and preeclamptic 

pregnancies. Atherosclerosis, Vol. 162, pp. 425-432, ISSN 0021-9150  

Belo, L.; Rebelo, I.; Castro, E.; Catarino, C.; Pereira-Leite, L.; Quintanilha, A. & Santos-Silva 

A. (2002b). Band 3 as a marker of erythrocyte changes in pregnancy. Eur J Haematol, 

Vol. 69, No. 3, pp. 145-51, ISSN 0902-4441 

www.intechopen.com



 
From Preconception to Postpartum 

 

288 

Belo L., Santos-Silva A., Rumley A., Lowe G., Pereira Leite L., Quintanilha A. & Rebelo I. 

(2002c). Elevated tissue plasminogen activator as a potential marker of endothelial 

dysfunction in pre-eclampsia: correlation with proteinuria. BJOG, Vol. 109, pp. 

1250-1255, ISSN 0028-4793 

Belo L., Caslake M., Santos-Silva A., Pereira Leite L., Quintanilha A. & Rebelo I. (2002d) 

Lipoprotein(a): a longitudinal versus a cross-sectional study in normal pregnancy 

and its levels in preeclampsia. Atherosclerosis, Vol. 165, pp. 393-395, ISSN 0021-9150 

Belo L., Santos-Silva A., Caslake M., Cooney J., Pereira Leite L., Quintanilha A. & Rebelo I. 

(2003). Neutrophil activation and c-reactive protein concentration in preeclampsia. 

Hypertens Pregnancy, Vol. 22, No. 2, pp. 129-141, ISSN 1064-1955 

Belo L., Santos-Silva A., Caslake M., Pereira Leite L., Quintanilha A. & Rebelo I. (2005) 

Oxidized-LDL levels in normal and pre-eclamptic pregnancies: Contribution of 

LDL particle size. Atherosclerosis, Vol. 183, pp. 185-186, ISSN 0021-9150 

Bernardi F., Constantino L., Machado R., Petronilho F. & Dal-Pizzol F. (2008a). Plasma nitric 

oxide, endothelin-1, arginase and superoxide dismutase in pre-eclamptic women. J 

Obstet Gynaecol Res, Vol. 34, No. 6, pp. 957-63, ISSN 1341-8076 

Bernardi F., Guolo F., Bortolin T., Petronilho F. & Dal-Pizzol F. (2008b). Oxidative stress and 

inflammatory markers in normal pregnancy and preeclampsia. J Obstet Gynaecol 

Res, Vol. 34, No. 6, pp. 948-51, ISSN 1341-8076 

Boukerrou M., Bresson S., Collinet P., Delelis A., Deruelle P., Houfflin-Debarge V., Dufour P, 

Subtil D. (2009). Factors associated with uterine artery Doppler anomalies in 

patients with preeclampsia. Hypertens Pregnancy, Vol. 28, No. 2, pp. 178-89, ISSN 

1064-1955 

Bowen R., Gu Y., Zhang Y., Lewis D. & Wang Y. (2005). Hypoxia promotes interleukin-6 and 

-8 but reduces interleukin-10 production by placental trophoblast cells from 

preeclamptic pregnancies. J Soc Gynecol Investig, Vol. 12, No. 6, pp. 428-32, ISSN 

1071-5576 

Braekke K., Holthe M., Harsem N., Fagerhol M. & Staff A. (2005). Calprotectin, a marker of 

inflammation, is elevated in the maternal but not in the fetal circulation in 

preeclampsia. Am J Obstet Gynecol, Vol. 193, pp. 227-33, ISSN 0002-9378 

Braekke K., Harsem N. & Staff A. (2006). Oxidative stress and antioxidant status in fetal 

circulation in preeclampsia. Pediatr Res, Vol. 60, No. 5, pp. 560-4, ISSN 0031-3998 

Brosens I., Robertson W. & Dixon H. (1972). The role of the spiral arteries in the 

pathogenesis of preeclampsia. Obstet Gynecol Annu, Vol. 1, pp. 177-91, ISSN 0091-

3332 

Brown M., Lindheimer M., Swiet M., Assche A. & Moutquin J. (2001) The classification and 

diagnosis of the hypertensive disorders of pregnancy: statement from the 

international society for the study of hypertension in pregnancy (ISSHP). Hypertens 

Pregnancy, Vol. 20, No. 1, pp. ix-xiv, ISSN 1064-1955 

Burton G., Woods A., Jauniaux E. & Kingdom J. (2009). Rheological and physiological 

consequences of conversion of the maternal spiral arteries for uteroplacental blood 

flow during human pregnancy. Placenta, Vol. 30, No. 6, pp. 473-82, ISSN 0143-4004 

www.intechopen.com



 
Umbilical Cord Blood Changes in Neonates from a Preeclamptic Pregnancy 

 

289 

Catarino, C.; Rebelo, I.; Belo, L.; Rocha-Pereira, P.; Rocha, S.; Castro, E.; Patrício, B.; 

Quintanilha, A. & Santos-Silva, A. (2008a). Fetal lipoprotein changes in pre-

eclampsia. Acta Obstet Gynecol Scand, Vol. 87, No. 6, pp. 628-34, ISSN 0001-6349 

Catarino, C.; Rebelo, I.; Belo, L.; Rocha, S.; Castro, E.; Patricio, B.; Quintanilha, A. &  Santos-

Silva, A. (2008b). Relationship between maternal and cord blood hemostatic 

disturbances in preeclamptic pregnancies. Thromb Res, Vol. 123, No. 2, pp. 219-24, 

ISSN 0049-3848 

Catarino, C.; Rebelo, I.; Belo, L.; Rocha, S.; Castro, E.; Patrício, B.; Quintanilha, A. & Santos-

Silva, A. (2009a). Fetal and maternal angiogenic/anti-angiogenic factors in normal 

and preeclamptic pregnancy. Growth Factors, Vol. 27, No. 6, pp. 345-51, ISSN 0897-

7194 

Catarino, C.; Rebelo, I.; Belo, L.; Rocha-Pereira, P.; Rocha, S.; Castro, E., Patrício, B.; 

Quintanilha, A. & Santos-Silva, A. (2009b). Erythrocyte changes in preeclampsia: 

relationship between maternal and cord blood erythrocyte damage. J Perinat Med, 

Vol. 37, No. 1, pp. 19-27, ISSN 0300-5577 

Chaddha V., Viero S., Huppertz B. & Kingdom J. (2004). Developmental biology of the 

placenta and the origins of placental insufficiency. Semin Fetal Neonatal Med, Vol. 9, 

pp. 357-69, ISSN 1744-165X 

Chappell L., Seed P., Briley A., Kelly F., Hunt B., Charnock–Jones S., Mallet A. & Poston L. 

(2002). A longitudinal study of biochemical variables in women at risk of 

preeclampsia. Am J Obstet Gynecol, Vol. 187, pp. 127-36, ISSN 0002-9378 

Chavarría M., Lara-González L., García-Paleta Y., Vital-Reyes V. & Reyes A. (2008). 

Adhesion molecules changes at 20 gestation weeks in pregnancies complicated by 

preeclampsia. Eur J Obstet Gynecol Reprod Biol, Vol. 137, No. 2, pp. 157-64, ISSN 

0301-2115 

Covelli M., Wood C. & Yarandi H. (2007). The Association of Low Birth Weight and 

Physiological Risk Factors of Hypertension in African American Adolescents. J 

Cardiovasc Nursing, Vol. 22, No. 6, pp. 440-447, ISSN 0889-4655 

Crowther M. (2005). Pathogenesis of atherosclerosis. Hematology Am Soc Hematol Educ 

Program, pp. 436-41, ISSN 1520-4391 

Cunningham F., Hauth J., Leveno K., Gilstrap L., Bloom S. & Wenstrom K (Eds.). (2005). 

Williams Obstetrics, twenty-second edition, McGraw-Hill, New-York. 

Dane C., Buyukasik H., Dane B. & Yayla M. (2009). Maternal plasma fibronectin and 

advanced oxidative protein products for the prediction of preeclampsia in high risk 

pregnancies: a prospective cohort study. Fetal Diagn Ther, Vol. 26, No. 4, pp. 189-94, 

ISSN 1015-3837 

Duckitt K. & Harrington D. (2005). Risk factors for pre-eclampsia at antenatal booking: 

systematic review of controlled studies. BMJ, Vol. 12, No. 330, pp. 7491, ISSN 0959-

8138 

Duley L. (2009). The Global Impact of Pre-eclampsia and Eclampsia. Semin Perinatol, Vol. 33, 

pp. 130-137, ISSN 0146-0005 

Eriksson J., Forsén T., Kajantie E., Osmond C. & Barker D. (2007). Childhood growth and 

hypertension in later life. Hypertension, Vol. 49, No. 6, pp. 1415-21, ISSN 0194-911X 

www.intechopen.com



 
From Preconception to Postpartum 

 

290 

Estelles A., Gilabert J., Grancha S., Yamamoto K., Thinnes T., Espana F., Aznar J., Loskutoff 

D. (1998). Abnormal expression of type 1 plasminogen activator inhibitor and 

tissue factor in severe preeclampsia. Thromb Haemost, Vol. 79, pp. 500-8, ISSN 0340-

6245 

Gandley R., Rohland J., Zhou Y., Shibata E., Harger G., Rajakumar A., et al. (2008). Increased 

myeloperoxidase in the placenta and circulation of women with preeclampsia. 

Hypertension, Vol. 52, No. 2, pp. 387-93, ISSN 0194-911X 

Ghidini A., Salafia C. & Pezzullo J. (1997). Placental vascular lesions and likelihood of 

diagnosis of preeclampsia. Obstet Gynecol, Vol. 90, pp. 542-5, ISSN 0029-7844 

Goldenberg R., Culhane J., Iams J. & Romero R. (2008). Epidemiology and causes of preterm 

birth. Lancet, Vol. 371, pp. 75-84, ISSN 0140-6736 

Gordon M. Maternal physiology in pregnancy, pp 63-91. In Gabbe S, Niebyl J, Simpson J 

[eds.]. Obstetrics: Normal and Problem Pregnancies. 2002, 4th edition, Churchill 

Livingstone, Philadelphia 

Groom K., North R., Poppe K., Sadler L. & McCowan L. (2007). The association between 

customised small for gestational age infants and preeclampsia or gestational 

hypertension varies with gestation at delivery. BJOG, Vol. 114, pp. 478–484, ISSN 

1470-0328 

Gu Y., Lewis D. & Wang Y. (2008). Placental productions and expressions of soluble 

endoglin, soluble fms-like tyrosine kinase receptor-1, and placental growth factor in 

normal and preeclamptic pregnancies. J Clin Endocrinol Metab, Vol. 93, No. 1, pp. 

260-6, ISSN 0021-972X 

Gupta A., Gebhardt S., Hillermann R., Holzgreve W. & Hahn S. (2006). Analysis of plasma 

elastase levels in early and late onset preeclampsia. Arch Gynecol Obstet, Vol. 273, 

pp. 239–242, ISSN 0932-0067 

Guven M., Coskun A., Ertas I., Aral M., Zencirci B. & Oksuz H. (2009). Association of 

maternal serum CRP, IL-6, TNF-alpha, homocysteine, folic acid and vitamin B12 

levels with the severity of preeclampsia and fetal birth weight. Hypertens Pregnancy, 

Vol. 28, No. 2, pp. 190-200, ISSN 1064-1955 

Harlow F., Brown M., Brighton T., Smith S., Trickett A., Kwan Y. & Davis G. (2002). Platelet 

activation in the hypertensive disorders of pregnancy. Am J Obstet Gynecol, Vol. 

187, pp. 688-95, ISSN 0002-9378 

Higgins J., Bonnar J., Norris L., Darling M. & Walshe J. (2000). The effect of pre-eclampsia on 

coagulation and fibrinolytic activation in the neonate. Thromb Res, Vol. 99, No. 6, 

pp. 567-70, ISSN 0049-3848 

Howarth S., Marshall L., Barr A., Evans S., Pontre M. & Ryan N. (1999). Platelet indices 

during normal pregnancy and pre-eclampsia. Br J Biomed Sci, Vol. 56, No.1, pp. 20-

2, ISSN 0967-4845 

Howlader M., Parveen S., Tamanna S., Khan T. & Begum F. (2009). Oxidative stress and 

antioxidant status in neonates born to pre-eclamptic mother. J Trop Pediatr, Vol.  55, 

No. 6, pp. 363-7, ISSN 0142-6338 

Hung T., Charnock-Jones D., Skepper J. & Burton G. (2004). Secretion of tumor necrosis 

factor-alpha from human placental tissues induced by hypoxia-reoxygenation 

www.intechopen.com



 
Umbilical Cord Blood Changes in Neonates from a Preeclamptic Pregnancy 

 

291 

causes endothelial cell activation in vitro: a potential mediator of the inflammatory 

response in preeclampsia. Am J Pathol, Vol. 164, No. 3, pp. 1049-61, ISSN 0002-9440 

Hung T. & Burton G. (2006). Hypoxia and reoxygenation: a possible mechanism for 

placental oxidative stress in preeclampsia. Taiwan J Obstet Gynecol, Vol. 45, No. 3, 

pp. 189-200, ISSN 1028-4559 

Hunt B., Missfelder-Lobos H., Parra-Cordero M., Fletcher O., Parmar K., Lefkou E. & Lees C. 

(2009). Pregnancy outcome and fibrinolytic, endothelial and coagulation markers in 

women undergoing uterine artery Doppler screening at 23 weeks. J Thromb 

Haemost, Vol. 7, pp. 955–61, ISSN 1538-7933 

Jain M., Sawhney H., Aggarwal N., Vashistha K. & Majumdhar S. (2004). Auto antibodies 

against oxidized low density lipoprotein in severe preeclampsia. J Obstet Gynaecol 

Res, Vol. 30, No. 188 –192, ISSN 1341-8076 

Jim B., Sharma S., Kebede T. & Acharya A. (2010). Hypertension in pregnancy: a 

comprehensive update. Cardiol Rev, Vol. 18, No. 4, pp. 178-89, ISSN 1061-5377 

Johnson J., Kniss D. & Samuels P. (2001). Thrombopoietin in pre-eclampsia and HELLP 

syndrome. Am J Obstet Gynecol, Vol. 185, No. 6, pp. S83, ISSN 0002-9378 

Kajantie E., Eriksson J., Osmond C., Thornburg K. & Barker D. (2009). Pre-eclampsia is 

associated with increased risk of stroke in the adult offspring: the Helsinki birth 

cohort study. Stroke, Vol. 40, No. 4, pp. 1176-80, ISSN 0039-2499 

Kalle K. (2001). The impact of maternal smoking during pregnancy on delivery outcome. 

Europ J Pub Health, Vol. 11, pp. 329-33, ISSN 1101-1262 

Kaufmann P., Mayhew T. & Charnock-Jones D. (2004). Aspects of human fetoplacental 

vasculogenesis and angiogenesis. II Changes during normal pregnancy. Placenta, 

Vol. 25, pp. 114-126, ISSN 0143-4004 

Kim S., Ryu H., Yang J., Kim M., Ahn H., Lim H., et al. (2004). Maternal serum levels of 

VCAM-1, ICAM-1 and E-selectin in preeclampsia. J Korean Med Sci, Vol. 19, No. 5, 

pp. 688-92, ISSN 1011-8934 

Kim Y., Park H., Lee H., Ahn Y., Ha E., Suh S., & Pang M. (2007). Paraoxonase gene 

polymorphism, serum lipid, and oxidized low-density lipoprotein in preeclampsia. 

Eur J Obstet Gynecol Reprod Biol, Vol. 133, No. 1, pp. 47-52, ISSN 0301-2115 

Krauss T., Azab H., Dietrich M. & Augustin H. (1998). Fetal plasma levels of circulating 

endothelial cell adhesion molecules in normal and preeclamptic pregnancies. Eur J 

Obstet Gynecol Reprod Biol, Vol. 78, No. 1, pp. 41-5, ISSN 0301-2115 

Lenfant C. (2008). Low birth weight and blood pressure. Metabolism, Vol. 57, No. 2, pp. S32–

S35, ISSN 0026-0495 

Levine R, Maynard S, Qian C, Lim K, England L, Yu K, et al. (2004). Circulating Angiogenic 

factors and the risk of preeclampsia. N Engl J Med, Vol. 350, pp. 672-83, ISSN 0028-

4793  

Lockwood C., Toti P., Arcuri F., Norwitz E., Funai E., Huang S., Buchwalder L., Krikun G. & 

Schatz F. (2007). Thrombin regulates soluble fms-like tyrosine kinase-1 (sFlt-1) 

expression in first trimester decidua: implications for preeclampsia. Am J Pathol, 

Vol. 170, No. 4, pp. 1398-405, ISSN 0002-9440 

www.intechopen.com



 
From Preconception to Postpartum 

 

292 

Low P., Waugh S., Zinke K. & Drenckhahn D. (1985). The role of hemoglobin denaturation 

and band 3 clustering in red blood cell aging. Science, Vol. 227, No. 4686, pp. 531-3, 

ISSN 0036-8075 

Lurie S. & Mamet Y. (2000). Red blood cell survival and kinetics during pregnancy. Eur J 

Obstet Gynecol Reprod Biol, Vol. 93, pp. 185-192, ISSN 0301-2115 

Luttun A. & Carmeliet P. (2003). Soluble VEGF receptor Flt1: the elusive preeclampsia factor 

discovered? J Clin Invest, Vol. 111, No. 5, pp. 600-2, ISSN 0021-9738 

Lutz H. (1992).  Naturally occurring anti-band 3 antibodies. Transfus Med Rev, Vol. 6, No. 3, 

pp. 201-11, ISSN 0887-7963 

Magnussen E., Vatten L., Lund-Nilsen T., Salvesen K., Davey Smith G & Romundstad P. 

(2007). Prepregnancy cardiovascular risk factors as predictors of pre-eclampsia: 

population based cohort study. BMJ, Vol. 10, No. 335, pp. 7627, ISSN 0959-8138  

Manten G., van der Hoek Y., Sikkema J., Voorbij H., Hameeteman T., Visser G. & Franx A. 

(2005). The role of lipoprotein (a) in pregnancies complicated by pre-eclampsia. 

Med Hypotheses, Vol. 64, pp. 162-169, ISSN 0306-9877 

Mao D., Che J., Li K., Han S., Yue Q., Zhu L., Zhang W. & Li L. (2010). Association of 

homocysteine, asymmetric dimethylarginine, and nitric oxide with preeclampsia. 

Arch Gynecol Obstet, Vol. 282, No. 4, pp. 371-5, ISSN 0932-0067 

Maynard S., Epstein F. & Karumanchi A. (2008). Preeclampsia and Angiogenic Imbalance. 

Annu Rev Med, Vol. 59, pp. 437–54, ISSN 0066-4219 

McKeeman G., Ardill J., Caldwell C., Hunter A. & McClure N. (2004). Soluble vascular 

endothelial growth factor receptor-1 (sFlt-1) is increased throughout gestation in 

patients who have preeclampsia develop. Am J Obstet Gynecol, Vol. 191, pp. 1240-6, 

ISSN 0002-9378 

Mehendale S., Kilari A., Dangat K., Taralekar V., Mahadik S. & Joshi S. (2008). Fatty acids, 

antioxidants, and oxidative stress in pre-eclampsia. Int J Gynaecol Obstet Vol. 100, 

No. 3, pp. 234-8, ISSN 0020-7292 

Mellembakken J., Høgåsen K., Mollnes T., Hack C., Abyholm T. & Videm V. (2001). 

Increased systemic activation of neutrophils but not complement in preeclampsia. 

Obstet Gynecol, Vol. 97, No. 3, pp. 371-4, ISSN 0029-7844 

Mori M., Mori A., Saburi Y., Sida M. & Ohta H. (2003). Levels of lipoprotein(a) in normal 

and compromised pregnancy. J Perinat Med, Vol. 31, pp. 23–28, ISSN 0300-5577 

Myatt L. & Webster R. (2009). Vascular biology of preeclampsia. J Thromb Haemost Vol. 7, 

No. 3, pp. 375-84, ISSN 1538-7933 

Ophir E., Dourleshter G., Hirsh Y., Fait V., German L. & Bornstein J.  (2006). Newborns of 

pre-eclamptic women: a biochemical difference present in utero. Acta Obstet 

Gynecol Scand, Vol. 85, No. 10, pp. 1172-8, ISSN 0001-6349 

Osmanaπaoπlu M., Topηuoπlu K., Φzeren M. & Bozkaya H. (2005). Coagulation inhibitors 

in preeclamptic pregnant women. Arch Gynecol Obstet, Vol. 271, pp. 227–230, ISSN 

0932-0067 

Ouyang Y., Li S., Zhang Q., Cai H. & Chen H. (2009). Interactions between inflammatory 

and oxidative stress in preeclampsia. Hypertens Pregnancy, Vol. 28, No. 1, pp. 56-62, 

ISSN 1064-1955 

www.intechopen.com



 
Umbilical Cord Blood Changes in Neonates from a Preeclamptic Pregnancy 

 

293 

Papageorghiou A. & Leslie K. (2007). Uterine artery Doppler in the prediction of adverse 

pregnancy outcome. Curr Opin Obstet Gynecol, Vol. 19, No. 2, pp. 103-9, ISSN 1040-

872X 

Pijnenborg R., Vercruysse L. & Hanssens M. (2006). The uterine spiral arteries in human 

pregnancy: facts and controversies. Placenta, Vol. 27, No. 9-10, pp. 939-58, ISSN 

0143-4004  

Polliotti B., Fry A., Saller D., Mooney R., Cox C. & Miller R. (2003). Second-trimester 

maternal serum placental growth factor and vascular endothelial growth factor for 

predicting severe, early-onset preeclampsia. Obstet Gynecol, Vol. 101, No. 6, pp. 266-

74, ISSN 0029-7844 

Poston L., Briley A., Seed P., Kelly F. & Shennan A. (2006). Vitamin C and vitamin E in 

pregnant women at risk for pre-eclampsia (VIP trial): randomised placebo-

controlled trial. Lancet, Vol. 367, pp. 1145–54, ISSN 0140-6736  

Powers R., Catov J., Bodnar L., Gallaher M., Lain K. & Roberts J. (2008). Evidence of 

Endothelial Dysfunction in Preeclampsia and Risk of Adverse Pregnancy Outcome. 

Reprod Sci, Vol. 15, No. 4, pp. 374–381, ISSN 1933-7191 

Qiu C., Phung T., Vadachkoria S., Muy-Rivera M., Sanchez S. & Williams M. (2006). 

Oxidized Low-Density Lipoprotein (Oxidized LDL) and the Risk of Preeclampsia. 

Physiol Res, Vol. 55, pp. 491-500, ISSN 0862-8408 

Raghupathy P., Antonisamy B., Geethanjali F., Saperia J., Leary S., Priya G., Richard J., 

Barker D. & Fall C. (2010). Glucose tolerance, insulin resistance and insulin 

secretion in young south Indian adults: Relationships to parental size, neonatal size 

and childhood body mass index. Diabetes Res Clin Pract, Vol. 87, No. 2, pp. 283-92, 

ISSN 0168-8227 

Rahimi R., Nikfar S., Rezaie A. & Abdollahi M. (2009). A meta-analysis on the efficacy and 

safety of combined vitamin C and E supplementation in preeclamptic women. 

Hypertens Pregnancy, Vol. 28, No. 4, pp. 417-34, ISSN 1064-1955 

Raijmakers M., Dechend R. & Poston L. (2004). Oxidative stress and preeclampsia. 

Hypertension, Vol. 44, pp. 374-380, ISSN 0194-911X 

Ray J., Diamond P., Singh G. & Bell C. (2006). Brief overview of maternal triglycerides as a 

risk factor for pre-eclampsia. BJOG, Vol. 113, pp. 379-386, ISSN 1470-0328 

Redman C. & Sargent I. Placental stress and pre-eclampsia: a revised view. (2009). Placenta, 

Vol. 30, Suppl 1, pp. 38-42, ISSN 0143-4004 

Rizzo G. & Arduini D. (2009) Intrauterine growth restriction: diagnosis and management. A 

review. Minerva Ginecol, Vol. 61, No. 5, pp. 411-20, ISSN 0026-4784 

Roberts J. & Gammil H. (2005). Preeclampsia - recent insights. Hypertension, Vol. 46, pp. 

1243-1249, ISSN 0194-911X 

Rodie V., Caslake M., Stewartt F., Sattar N., Ramsay J., Greer I. & Freeman D. (2004). Fetal 

cord plasma lipoprotein status in uncomplicated human pregnancies complicated. 

Atherosclerosis, Vol. 176, pp. 181-187, ISSN 0021-9150 

Roes E., Sweep F., Thomas C., Zusterzeel P., Geurts-Moespot A., Peters W. & Steegers E. 

(2002). Levels of plasminogen activators and their inhibitors in maternal and 

umbilical cord plasma in severe preeclampsia. Am J Obstet Gynecol, Vol. 187, pp. 

1019-25, ISSN 0002-9378 

www.intechopen.com



 
From Preconception to Postpartum 

 

294 

Rusterholz C., Hahn S. & Holzgreve W. (2007). Role of placentally produced inflammatory 

and regulatory cytokines in pregnancy and the etiology of preeclampsia. Semin 

Immunopathol, Vol. 29, No. 2, pp. 151-62, ISSN 1863-2297  

Saini H., Puppala B., Angst D., Gilman-Sachs A. & Costello M. (2004). Upregulation of 

neutrophil surface adhesion molecules in infants of pre-eclamptic women. J 

Perinatol, Vol. 24, pp. 208-212, ISSN 0743-8346 

Santos-Silva A., Castro E., Teixeira N., Guerra F. & Quintanilha A. (1995). Altered 

erythrocyte membrane band 3 profile as a marker in patients at risk for 

cardiovascular disease. Atherosclerosis, Vol. 116, No. 2, pp. 199-209, ISSN 0021-9150 

Santos-Silva A., Castro E., Teixeira N., Guerra C. & Quintanilha A. (1998). Erytrocyte 

membrane band 3 profile imposed by cellular aging, by activated neutrophils and 

by neutrophilic elastase. Clin Chim Acta, Vol. 275, pp. 185-96, ISSN 0009-8981 

Santos-Silva A., Rebelo I., Castro E., Belo L., Guerra A., Rego C. & Quintanilha A. (2001). 

Leukocyte activation, erythrocyte damage, lipid profile and oxidative stress 

imposed by high competition physical exercise in adolescents. Clin Chim Acta, Vol. 

306, pp. 119-126, ISSN 0009-8981 

Santos-Silva A., Rebelo I., Castro E., Belo L., Catarino C., Monteiro I., Almeida M. & 

Quintanilha A. (2002). Erytrocyte damage and leukocyte activation in ischemic 

stroke. Clin Chim Acta, Vol. 320, pp. 29-35, ISSN 0009-8981 

Sartori M., Serena A., Saggiorato G., Campei S., Faggian D., Pagnan A. & Paternoster D. 

(2008). Variations in fibrinolytic parameters and inhibin-A in pregnancy: related 

hypertensive disorders. J Thromb Haemost, Vol. 6, No. 2, pp. 352-8, ISSN 1538-7933 

Sattar N., Bendomir A., Berry C., Shepherd J., Greer I. & Packard C. (1997). Lipoprotein 

subfraction concentrations in preeclampsia: pathogenic parallels to atherosclerosis. 

Obstet Gynecol, Vol. 89, pp. 403–408, ISSN 0029-7844 

Saugstad O. (2003). Bronchopulmonary dysplasia-oxidative stress and antioxidants. Semin 

Neonatol, Vol. 8, No. 1, pp. 39-49, ISSN 1084-2756 

Sibai B., Dekker G. & Kupferminc M. (2005). Pre-eclampsia. Lancet, Vol. 365, pp. 785–99, 

ISSN 0140-6736 

Simmons L., Hennessy A., Gillin A. & Jeremy R. (2000). Uteroplacental blood flow and 

placental vascular endothelial growth factor in normotensive and pre-eclamptic 

pregnancy. BJOG, Vol. 107, No. 5, pp. 678-85, ISSN 1470-0328 

Steegers E., von Dadelszen P., Duvekot J. & Pijnenborg R. (2010). Pre-eclampsia. Lancet, Vol. 

376, No. 9741, pp. 631-44, ISSN 0140-6736 

Steyn K., de Wet T., Saloojee Y., Nel H. & Yach D. (2006). The influence of maternal cigarette 

smoking, snuff use and passive smoking on pregnancy outcomes: the Birth To Ten 

Study. Paediatr Perinat Epidemiol, Vol. 20, No. 2, pp. 90-9, ISSN 0269-5022 

Tanjung M., Siddik H., Hariman H. & Koh S. (2005). Coagulation and fibrinolysis in 

preeclampsia and neonates. Clin Appl Thromb Hemost, Vol. 11, No. 4, pp. 467-73, 

ISSN 1076-0296 

Tastekin A., Ors R., Demircan B., Saricam Z., Ingec M. & Akcay F. (2005). Oxidative stress in 

infants born to preeclamptic mothers. Pediatr Int, Vol. 47, No. 6, pp. 658-62, ISSN 

1328-8067 

www.intechopen.com



 
Umbilical Cord Blood Changes in Neonates from a Preeclamptic Pregnancy 

 

295 

Tenhola S., Rahiala E., Halonen P., Vanninen E. & Voutilainen R. (2006). Maternal 

preeclampsia predicts elevated blood pressure in 12-year-old children: evaluation 

by ambulatory blood pressure monitoring. Pediatr Rev, Vol. 59, pp. 320 324, ISSN 

0191-9601 

Tjoa M., Vugt J., Go A., Blankenstein M., Oudejans C. & Wijk I. (2003). Elevated c-reactive 

protein levels during first trimester of pregnancy are indicative of preeclampsia 

and intrauterine growth restriction. J Reprod Immunol, Vol. 59, pp. 29-37, ISSN 0165-

0378 

Uotila J., Solakivi T., Jaakkola O., Tuimala R. & Lehtimäki T. (1998). Antibodies against 

copper-oxidised and malondialdehyde-modified low density lipoproteins in pre-

eclampsia pregnancies. BJOG, Vol. 105, No. 10, pp. 1113-7, ISSN 1470-0328 

Uzun H., Benian A., Madazli R., Topçuoğlu M., Aydin S. & Albayrak M. (2005). Circulating 

oxidized low-density lipoprotein and paraoxonase activity in preeclampsia. Gynecol 

Obstet Invest, Vol. 60, No. 4, pp. 195-200, ISSN 0378-7346 

Vatten L., Romundstad P., Holmen T., Hsieh C., Trichopoulos D. & Stuver S. (2003). 

Intrauterine exposure to preeclampsia and adolescent blood pressure, body size, 

and age at menarche in female offspring. Obstet Gynecol, Vol. 101, pp. 529-533, ISSN 

0029-7844  

Villa P., Laivuori H., Kajantie E. & Kaaja R. (2009). Free fatty acid profiles in preeclampsia. 

Prostaglandins Leukot Essent Fatty Acids, Vol. 81, pp. 17–21, ISSN 0952-3278 

Wakatsuki A., Ikenoue N., Okatani Y., Shinohara K. & Fukaya T. (2000). Lipoprotein 

particles in preeclampsia: susceptibility to oxidative modification. Obstet Gynecol, 

Vol. 96, pp. 55–59, ISSN 0029-7844 

Wang D. (1994). Band 3 protein: structure, flexibility and function. FEBS Lett, Vol. 346, No. 1, 

pp. 26-31, ISSN 0014-5793 

Wang Y. & Walsh S. (2001). Increased superoxide generation is associated with decreased 

superoxide dismutase activity and mRNA expression in placental trophoblast cells 

in pre-eclampsia. Placenta, Vol. 22, No. 2-3, pp. 206-12, ISSN 0143-4004 

Waugh S., Walder J. & Low P. (1987). Partial characterization of the copolymerization 

reaction of erythrocyte membrane band 3 with hemichromes. Biochemistry, Vol. 26, 

No. 6, pp. 1777-83, ISSN 0006-2960 

Whincup P., Kaye S., Owen C., Huxley R., Cook D., Anazawa S., et al. (2008). Birth weight 

and risk of type 2 diabetes: a systematic review. JAMA, Vol. 300, No. 24, pp. 2886-

97, ISSN 0098-7484 

WHO. (2005). World Health Report: make every mother and child count. Geneva: World 

Health Org 

Wikström A., Stephansson O. & Cnattingius S. (2010). Tobacco use during pregnancy and 

preeclampsia risk: effects of cigarette smoking and snuff. Hypertension, Vol. 55, No. 

5, pp. 1254-9, ISSN 0194-911X 

Wu C., Nohr E., Bech B., Vestergaard M., Catov J. & Olsen J. (2009). Health of children born 

to mothers who had preeclampsia: a population-based cohort study. Am J Obstet 

Gynecol, Vol. 201, No. 3, pp. 269.e1-269.e10, ISSN 0002-9378 

Xiong X. & Fraser W. (2004) Impact of pregnancy-induced hypertension on birthweight by 

gestational age. Paediatr Perinat Epidemiol, Vol. 18, pp. 186–9, ISSN 0269-5022 

www.intechopen.com



 
From Preconception to Postpartum 

 

296 

Xu H, Perez-Cuevas R, Xiong X, Reyes H, Roy C, Julien P, et al. (2010). An international trial 

of antioxidants in the prevention of preeclampsia (INTAPP). Am J Obstet Gynecol, 

Vol. 202, No. 3, pp. 239.e1-239.e10, ISSN 0002-9378 

Young B., Levine R. & Karumanchi A. (2010). Pathogenesis of preeclampsia. Annu Rev 

Pathol, Vol. 5, pp. 173-92, ISSN 1553-4006 

Zanardo V., Savio V., Sabrina G., Franzoi M., Zerbinati P., Fadin M., Tognin G., Tormene D., 

Pagnan A. & Simioni P. (2005). The effect of pre-eclampsia on the levels of 

coagulation and fibrinolysis factors in umbilical cord blood of newborns. Blood 

Coagul Fibrinolysis Vol. 16, No. 3, pp. 177-81, ISSN 0957-5235 

www.intechopen.com



From Preconception to Postpartum
Edited by Dr. Stavros Sifakis

ISBN 978-953-51-0353-0
Hard cover, 314 pages
Publisher InTech
Published online 23, March, 2012
Published in print edition March, 2012

InTech Europe
University Campus STeP Ri 
Slavka Krautzeka 83/A 
51000 Rijeka, Croatia 
Phone: +385 (51) 770 447 
Fax: +385 (51) 686 166
www.intechopen.com

InTech China
Unit 405, Office Block, Hotel Equatorial Shanghai 
No.65, Yan An Road (West), Shanghai, 200040, China 

Phone: +86-21-62489820 
Fax: +86-21-62489821

Obstetrics is evolving rapidly and finds itself today at the forefront of numerous developments. Providing
selected updates on contemporary issues of basic research and clinical practice, as well as dealing with
preconception, pregnancy, labor and postpartum, the present book guides the reader through the tough and
complex decisions in the clinical management. Furthermore, it deepens the scientific understanding in the
pathogenetic mechanisms implicated in pregnancy and motivates further research by providing evidence of
the current knowledge and future perspectives in this field. Written by an international panel of distinguished
authors who have produced stimulating articles, the multidisciplinary readers will find this book a valuable tool
in the understanding of the maternal, placental and fetal interactions which are crucial for a successful
pregnancy outcome.

How to reference
In order to correctly reference this scholarly work, feel free to copy and paste the following:

Cristina Catarino, Irene Rebelo, Luís Belo, Alexandre Quintanilha and Alice Santos-Silva (2012). Umbilical
Cord Blood Changes in Neonates from a Preeclamptic Pregnancy, From Preconception to Postpartum, Dr.
Stavros Sifakis (Ed.), ISBN: 978-953-51-0353-0, InTech, Available from:
http://www.intechopen.com/books/from-preconception-to-postpartum/umbilical-cord-blood-changes-in-
neonates-from-a-preeclamptic-pregnancy


