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Abstract: Pregnancy causes significant metabolic and hemodynamic changes in a woman’s 

physiology to allow for fetal growth. The inability to adapt to these changes might result in 

the development of hypertensive disorders of pregnancy (hypertension, preeclampsia or 

eclampsia), gestational diabetes and preterm birth. Contrary to previous beliefs these 

complications are not limited to the pregnancy period and may leave permanent vascular and 

metabolic damage. There is in addition, a direct association between these disorders and 

increased risk of future cardiovascular disease (CVD, including hypertension, ischemic heart 

disease, heart failure and stroke) and diabetes mellitus. Despite abundant evidence of this 

association, women who present with these complications of pregnancy do not receive 

adequate postpartum follow up and counseling regarding their increased risk of future CVD. 

The postpartum period in these women represents a unique opportunity to intervene with 

lifestyle modifications designed to reduce the development of premature cardiovascular 

complications. In some cases it allows early diagnosis and treatment of chronic hypertension 

or diabetes mellitus. The awareness of this relationship is growing in the medical 

community, especially among obstetricians and primary care physicians, who play a pivotal 

role in detecting these complications and assuring appropriate follow up. 
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1. Introduction 

Heart disease is the number one cause of death in women older than 65 in the United States across all 

races and ethnicities. In 2011, one in 3.2 females died of cardiovascular disease totaling 398,035 women 

who died from heart disease. Almost 40% of women who have a myocardial infarction (MI) die within 

a year from cardiac complications and almost two thirds who have an MI have no premonitory symptoms 

of heart disease [1]. Despite the increase in awareness of heart disease mortality for women during the 

last decade, by 2012 only 56% of U.S. women recognize heart disease as their number one killer [2]. 

More recently it has become apparent that there are gender and sex differences in the pathophysiology, 

clinical presentation and response to treatment of CVD. These differences between women and  

men highlight the need to study sex-specific cardiovascular risk factors, such as hormonal variations  

and pregnancy-related disorders. Continuous efforts have to be directed toward timely recognition and 

intervention of CVD in women, and education about signs and symptoms of cardiovascular disease. This 

manuscript highlights pregnancy-related cardiovascular problems. 

For pregnancy related complications, hypertension is the most common, [3] and can occur as 

gestational hypertension, pre-eclampsia, chronic hypertension, or pre-eclampsia superimposed on 

chronic hypertension. Women who develop these complications during pregnancy have a greater chance 

to develop cardiovascular disease later in life [4]. Yet women who develop these complications do not 

routinely receive long term follow up [5], counseling or risk factor stratification and evaluation. In this 

review we discuss the metabolic and cardiovascular responses during a normal pregnancy, abnormal 

responses, specifically hypertensive disorders of pregnancy (HDP), gestational diabetes (GD) and 

preterm birth. We focus on the current data regarding the association between these pregnancy disorders 

and future maternal cardiovascular and metabolic risk. 

2. Hemodynamic Changes during Normal Pregnancy 

Major hemodynamic changes begin early in pregnancy. The plasma volume and red cell mass expand  

as early as the eight weeks, and peak around week 30 [6]. At term, the total plasma volume gain is  

1000–1600 mL, corresponding to 30%–50% above baseline. A greater increase in intravascular volume 

compared to red cell mass results in the dilutional anemia of pregnancy. This is most evident at  

30–34 weeks when plasma volume peaks in relation to red cell mass. 

An important aspect is that this volume expansion is associated with sodium and water retention. 

About 1000 meq of sodium and six liters of water are retained and distributed among amniotic fluid, 

fetus and intra and extracellular spaces [7]. 

Also, there is an increase and change in distribution of the cardiac output to meet the increased fetal 

and maternal metabolic demands. Cardiac output increases by 30%–50% above baseline levels during 

the entire pregnancy, but half of this change occurs by week eight. This significant increase is provoked 

by, as mentioned above, increases in blood volume, reduction in afterload (decline in systemic vascular 

resistance) and rise in maternal heart rate [8]. 

Systemic vascular resistance is reduced due to the high flow, low-resistance circuit in the utero-placental 

circulation. Vasodilation is thought to be related to decreased sensitivity to norepinephrine and angiotensin, 

increase in nitric oxide and prostacyclin production and reduction in aortic stiffness. This systemic 
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vasodilation results in an under filling state where plasma renin activity is increased and atrial natriuretic 

peptide is reduced. 

In a normal heart these changes, together with a mild increase in cardiac contractility, assure a 

significant increase in the total cardiac output without adverse effects on central venous pressure and 

pulmonary capillary wedge pressure [9]. 

In normal pregnancy, uterine blood flow increases significantly to allow perfusion of the intervillous 

spaces of the placenta and support fetal growth. Trophoblasts invade the spiral uterine arteries, vascular 

smooth muscle cells are lost and replaced by fibrinoid material, turning them into large dilated blood 

vessels allowing increased perfusion to the placenta [10,11]. Matrix metalloproteinases (MMPs)  

which degrade the extracellular matrix are upregulated in normal pregnancy [12]. Changes also occur  

in the aorta: fragmentation of reticular fibers, a decrease in acid mucopolysaccharides, loss of normal 

corrugation of elastic fibers; and hypertrophy and hyperplasia of smooth muscle cells. MMPs, which 

degrade the extracellular matrix and connective tissue proteins, decrease in amount and activity in the 

uterus, placenta and blood vessels leading to increased collagen and growth-restrictive remodeling. 

These changes contribute to enhanced aortic compliance [13]. 

The systemic coagulation system is affected as well. Plasma levels of factors VII, VIII, IX, X, XII, 

Von Willebrand and particularly fibrinogen increase. Protein S levels decrease progressively during 

pregnancy and the anticoagulant response to activated protein C decreases. Also, during pregnancy  

blood volume increases, venous stasis occurs as capacitance vessels dilate and venous return decreases 

due to the pressure from the gravid uterus on the inferior vena cava. All these changes result in a 

hypercoagulable state with an approximately 20% reduction in prothrombin and partial thromboplastin 

times [14]. This is why pregnant women are five times more likely than nonpregnant women to develop 

venous thromboembolism, including deep vein thrombosis and pulmonary embolism [15–17]. 

3. Metabolic Changes during Normal Pregnancy 

We will discuss the physiologic changes in lipid and glucose metabolism during normal pregnancy. 

3.1. Glucose Metabolism 

During normal pregnancy there is hyperplasia of the pancreatic beta cells resulting in increased insulin 

secretion and an initial increase in insulin sensitivity followed by progressive insulin resistance. When 

pancreatic function is not sufficient to overcome the insulin resistance, gestational diabetes develops. 

Fasting glucose levels are lower during pregnancy due to increased glycogen storage, peripheral 

glucose utilization and glucose consumption by the fetus, as well as decreased hepatic glucose 

production. The relative hypoglycemia allows the mother to preferentially use fat as fuel, and preserve 

glucose and amino acids for fetal metabolism. 

3.2. Lipid Metabolism 

During pregnancy, complex changes occur in lipid metabolism. Total cholesterol (major high  

density lipoprotein (HDL) and low density lipoprotein (LDL) particles) and mainly triglyceride levels 

increase, beginning early in pregnancy and achieving peak levels toward the second trimester [18,19]. 
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Towards the end of pregnancy the maternal consumption of fat increases and storage declines as  

a consequence of increased lipolytic activity and decreased lipoprotein lipase activity [20]. Maternal 

hypertriglyceridemia contributes to fetal growth and development and serves as an energy depot for 

maternal dietary fatty acids [21]. These are caused by estrogen stimulation, hyperphagia and increased 

lipid synthesis leading to maternal fat accumulation. As mentioned, the main source for maternal energy 

comes from fat, sparing glucose and amino acids for the fetus. 

4. Hypertensive Disorders of Pregnancy: Gestational Hypertension and Preeclampsia/Eclampsia 

Preeclampsia and eclampsia are important causes of maternal and perinatal morbidity and mortality. 

These conditions affect 2% to 8% of all pregnancies. Hypertension without proteinuria or symptoms 

affects approximately 10% of pregnancies. These conditions are of significant importance to the 

cardiovascular health of women worldwide [22,23]. 

4.1. Diagnosis 

Pre-eclampsia is a systemic placenta-mediated disease. It is not a fetal disease; in fact, patients with 

hydatiform moles can develop preeclampsia. 

Chronic hypertension is defined as blood pressure ≥140/90 mmHg diagnosed before pregnancy or 

before 20 weeks of gestation. Preeclampsia is defined as development of hypertension at more than  

20 weeks of gestation associated with either proteinuria or signs of systemic disease. In the absence of 

proteinuria there should be one of the following: elevated transaminases, thrombocytopenia, visual 

disturbances, renal insufficiency or pulmonary edema. Preeclampsia can progress to eclampsia, which is 

characterized by grand mal seizures. Proteinuria during pregnancy is defined as ≥300 mg protein/24 h urine. 

Urine dipsticks are unreliable and are not used during pregnancy to diagnose proteinuria. Preeclampsia 

can be classified as early (before 34 weeks) or late (after 34 weeks) of gestation [24]. 

Complications of preeclampsia and eclampsia include liver rupture, cerebro-vascular accident, 

pulmonary edema, renal failure and even death [10]. Patients with non-proteinuric preeclampsia but with 

signs of systemic illness are at higher risk of developing severe hypertension and to deliver prematurely 

compared to those without systemic illness signs. 

4.2. Pathophysiology of Preeclampsia 

Preeclampsia is believed to result from ischemia of the placenta which in turn releases factors into 

the maternal circulation that induce the clinical manifestations of the disease. 

During normal pregnancy uterine blood flow increases to enable perfusion of the intervillious space 

of the placenta and to support fetal growth. The physiologic transformation of the spiral arteries of the 

uterus allow the increase in blood flow, a process in which trophoblasts invade the arterial wall and 

destroy the media, transforming narrow arteries to dilated vessels enabling adequate perfusion of the 

placenta. During the first weeks of pregnancy placentation converts the spiral arteries into a low velocity, 

high-flow compartment. Abnormal trophoblasts or insufficient invasion into the myometrium and the 

spiral arteries results in shallow placentation and inadequate spiral artery transformation. 
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Those blood vessels that are not transformed are susceptible to atherosis, fibrinoid necrosis and 

mononuclear perivascular infiltration. These lesions that resemble atherosclerotic plaque interfere with 

blood flow to the placenta during the third trimester. Although this abnormality in uterine artery 

transformation occurs in preeclampsia, it is not unique to this condition and is not sufficient to cause the 

disease. These abnormal changes have been observed in intrauterine growth retardation, fetal death, 

placental abruption and preterm rupture of membranes. 

Another system involved in the etiology of preeclampsia is the immune system. Natural killer, 

regulatory T cells and HLA-C molecules modulate maternal immune tolerance to the trophoblasts.  

In the presence of certain haplotypes these cells can instead induce inadequate placentation, rejection by 

maternal tissues and induce preeclampsia. 

Oxidative stress seems to play an important role in preeclampsia. Increased levels of reactive oxygen 

species (ROS) might be the result of ischemia-reperfusion injury from deficient conversion of the medial 

segment of the spiral arteries. Increased ROS exposure leads to protein, lipid and DNA oxidation all of 

which have been found in placentas from patients with preeclampsia [25]. 

Other mechanisms involved in preeclampsia include enhanced sensitivity to angiotensin II [26]; 

disproportionately elevated inflammatory cell activation, specifically granulocytes and monocytes; 

vasospasm; endothelial dysfunction and platelet consumption [27]. 

More recently it has been proposed that vitamin D deficiency during pregnancy might be a risk factor 

for preeclampsia [28,29]. Vitamin D is known to play an important role in vascular inflammation, 

endothelial dysfunction, vascular stiffness and higher coronary calcium scores, and in some reports, 

vitamin D supplementation has been shown to reduce inflammation [30,31]. During pregnancy a state 

of angiogenic abnormalities and increased maternal circulating levels of endothelial adhesion molecules 

seem to be effects of low levels of vitamin D [32,33]. Whether vitamin D supplementation is beneficial 

among pregnant patients with low vitamin D levels is unknown and warrants further investigation. 

Currently there is insufficient evidence to support a recommendation for screening all pregnant women 

for vitamin D deficiency [34]. 

4.3. Short Term Maternal and Fetal Effects of Preeclampsia and Eclampsia 

For women who have mild to moderate hypertension alone, pregnancy outcome is similar to that for 

women with normal blood pressure. Once proteinuria develops or hypertension becomes more severe 

outcomes worsen. Preeclampsia-related common complications are poor intrauterine fetal growth and 

preterm birth, more rarely in the mother eclampsia, stroke, hemolysis, renal failure, low platelets and 

DIC (disseminated intravascular coagulation). Most maternal deaths are attributable to eclampsia rather 

than preeclampsia. However, in high income countries where prenatal care is common, fatality case rates 

have approached less than 1% [35]. 

Risks for the infants are increased by chronic hypertension, preeclampsia and eclampsia.  

Maternal-age-adjusted fetal death rates for chronic hypertension and pre-eclampsia were 1.18% and 

0.6%, respectively [36]. Increased risk of perinatal mortality in the offspring of mothers with chronic 

hypertension has also been reported. Premature birth is the leading cause of perinatal morbidity and 

mortality, and preeclampsia is a common factor in preterm birth. Preeclampsia is an antecedent for up to 

12% of infants born small for gestational age and for 20% of those born prematurely [22,37,38]. 
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4.4. Long Term Maternal Cardiovascular Risks Associated with Preeclampsia 

It was previously thought that the effects of hypertension in pregnancy reversed after delivery and 

blood pressure values returned to their pre-pregnancy level, i.e., it was seen as a disease of short duration 

in otherwise healthy young women. However, recent studies have demonstrated that the underlying 

abnormality, endothelial dysfunction, remains in women who had preeclampsia and that this damage 

increases the risk of developing cardiovascular disease (CVD) in later life. Even more important, 

endothelial dysfunction correlates with higher levels of coronary calcium content, which is a predictor 

of acute coronary events [3,39,40]. Specifically hypertension and preeclampsia during pregnancy was 

positively associated with the presence of coronary calcium. This association was slightly attenuated 

with adjustment for body size and blood pressure, but not for serum creatinine [41]. 

The risk of developing CVD varies among studies. In small studies the risk of developing 

hypertension after having any kind of hypertensive disorder during pregnancy varied from 1.5 to  

20 times. In more recent studies, after changes in the diagnostic criteria for hypertensive disorders of 

pregnancy and larger numbers of patients, the relative risk varied between 2.3 and 3.7, likely representing 

more accurate data [42–46]. In a study of women with pregnancy-induced hypertension (HTN) had  

11-fold higher age-adjusted risk of developing chronic HTN. In this study, factors that predicted the 

development of chronic hypertension after having pregnancy induced hypertension included higher 

Body Mass Index (BMI) and more deliveries before the index pregnancy [47]. Also, HDP are associated 

with increased risk of venous thromboembolic events and hemorrhagic stroke [48,49]. 

In terms of metabolic syndrome, 476 women with hypertensive pregnancies and 226 with 

normotensive pregnancies (controls) were followed for 13 years. After adjusting for age, diabetes 

mellitus, other features of the metabolic syndrome, smoking and socioeconomic status, women with 

hypertensive and preeclamptic pregnancies had an increased risk of future hypertension. Long-term 

hypertension prevalence was 45% in cases and 14% in controls. The association between future 

development of hypertension was stronger for hypertension than preeclampsia. There was no association 

between prevalence of Diabetes Mellitus (DM) and hypercholesterolemia and future development of 

hypertension [50]. 

In a prospective study of 15,000 women, those with a history of preeclampsia or gestational 

hypertension had a higher BMI, blood pressure and cholesterol levels. In women with more than one 

pregnancy with preeclampsia or hypertension these associations were even stronger. Similar findings 

were reported in a multicenter cohort study in the Netherlands. Three hundred and six women with 

hypertension during pregnancy and 99 women with normotensive pregnancies were followed for  

2.5 years. Blood pressure, BMI and waist circumference were higher in those with hypertension during 

pregnancy. Biochemical markers such as glucose, glycosylated hemoglobin, cholesterol, triglycerides 

and C-reactive protein were significantly higher in this group [51]. In another study in the Netherlands 

women with history of preeclampsia had a two-fold higher prevalence of metabolic syndrome compared 

to women with history of small for gestational age. The authors suggest that metabolic syndrome 

prevalence is related to maternal rather than fetal etiology of the placental syndrome [52]. 

The above-mentioned studies and many others have found that women with hypertensive pregnancy 

complications have an increased risk for developing cardiovascular disease in later life. It has been 
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postulated that pregnancy may act as cardiovascular stress test to identify women at high risk for 

cardiovascular disease. 

In a study of 4782 women from the Family Blood Pressure study those with a history of hypertension 

in pregnancy compared to those without such history were diagnosed with hypertension at earlier age, 

and had higher incidence of coronary artery disease and stroke. These differences remained significant 

after controlling for race and other risk factors [43]. In a more recent study of more than 90,000 women 

with history of preeclampsia, these women had more cardiac invasive and non-invasive diagnostic 

procedures performed (insertion of a stent and a stress test, respectively) and cardiac related 

hospitalizations (angina and heart failure). There was a linear correlation between the severity of 

preeclampsia and number of pregnancies with preeclampsia and cardiovascular complications [53]. 

In a longitudinal follow up study, 300 women with a history of HDP and 94 women with 

normotensive pregnancies were followed for 2.5 years. Women with history of HDP had significantly 

higher mean (SD) extrapolated 10-year cardiovascular event and 30-year cardiovascular event risks 

compared to normotensive women calculated by the Framingham risk scores. The SCORE score and the 

Reynolds risk score showed similar significant results [54]. 

In terms of mortality, a study in Jerusalem compared women who died in a 12 year period. Women 

with history of preeclampsia had approximately 2.1 increased relative risk of death compared to the 

control group. Death from cardiovascular events accounted for most of the deaths; however no detailed 

information was available [55]. A retrospective cohort study in Canada that included over a million 

women showed similar findings. Seven percent of women were diagnosed with either pre-eclampsia, 

gestational hypertension, placental abruption, or placental infarction. After adjusting for other risk factors, 

the cardiovascular disease composite outcomes including coronary artery disease, cerebrovascular disease, 

and peripheral artery disease were two times more frequent in women with a placental syndrome. This 

risk was further increased by the concomitant presence of intrauterine growth retardation (IUGR) or 

intrauterine fetal death [56]. In a Taiwan study, 13,000 women with history of hypertension during 

pregnancy were followed for a median of nine years. Of these women, 46 presented end stage renal 

disease; compared to women with no history of hypertension during pregnancy, a 10 times higher risk. 

The risk was higher in women with preeclampsia superimposed on chronic hypertension [57]. In Iceland, 

374 women with a history of HDP were compared to the general population. The death rate was higher 

among women with HDP compared to the control women. Rates were higher for eclampsia than for 

preeclampsia and hypertension [46]. In a recently published study that examined pregnancy events between 

1957 and 1969 factors like hypertension, preeclampsia and preterm birth also were associated to increased 

CV death, but interestingly glycosuria and hemoglobin decline over the second and third trimester (hazard 

ration of 4.2 and 1.7, respectively) also predicted CV death [58]. 

The mechanism by which hypertensive disorders of pregnancy increase the risk of future 

cardiovascular disease seems to be associated with the persistence of recognized markers of 

cardiovascular disease after delivery even after resolution of elevated blood pressure. For example, in 

an observational case-control study women with history of preeclampsia were followed and compared 

with age-matched controls with uncomplicated pregnancies for at least five years. Ambulatory blood 

pressure, ultrasound-measured flow-mediated dilatation (FMD), microalbuminuria, carotid intima-media 

thickness (CIMT) and serum uric acid, as well as clinical and demographic features were measured. Five 

years after pregnancy, patients who had preeclampsia were more likely to have hypertension and had 
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higher serum uric acid levels, higher microalbuminuria and CIMT levels, and lower FMD values than 

did the patients who did not have preeclampsia [59]. In a retrospective cohort study in Brazil, data were 

analyzed from 60 women who delivered at a tertiary care maternity hospital. Thirty women had a history 

of pregnancy induced hypertension and 30 had no history of complications. Women with a history of 

hypertension during pregnancy had higher body mass index, systolic blood pressure, LDL levels, and 

fasting glucose compared with women with no pregnancy complications. Endothelial function as 

measured by FMD in the brachial artery, was impaired in those with hypertension vs. those with normal 

pregnancies [60]. An important aspect is that severity, parity and recurrence of these hypertensive 

pregnancy disorders increase the risk of subsequent cardiovascular events [42]. 

A more recent retrospective study in Ontario focused on the risk of developing arrhythmias and  

heart failure after developing maternal placental syndrome (MPS, including gestational hypertension,  

pre-eclampsia and placental abruption/infarction). Over a million (1,130,764) women were included;  

of those 75,000 (6%) developed a hypertensive disorder during pregnancy. Women with a prior MPS 

were at significantly higher risk of hospitalization for heart failure or atrial dysrhythmia than women 

without MPS, starting one year after delivery [61]. 

5. Preterm Birth and Small for Gestational Age—Maternal and Offspring Consequences 

It has been proposed that women who have preterm delivery are also at higher risk of developing 

cardiovascular disease. In fact, offspring birth weight predicts maternal life span. One meta-analysis 

calculated that, for every standard deviation (roughly 500 g) higher birth weight of the firstborn child, 

maternal CVD mortality is decreased by 25%. Eight percent of deliveries that are low birth weight 

(<2500 g) are associated with twice the maternal CVD incidence and mortality of other deliveries. 

Hypertensive preterm deliveries have a stronger association with maternal CVD outcomes than do 

normotensive preterm deliveries, although the latter are still associated with a 1.2- to 3-fold increased 

risk compared with term deliveries [45,62–65]. A population-based study compared the incidence of 

cardiovascular morbidity in a cohort of women who delivered preterm (<37 weeks gestation) and those 

who gave birth at term during the same period. After adjustment for other factors there was a linear 

association between the number of previous preterm deliveries and future risk for cardiovascular related 

hospitalizations. This correlation was independent of induced vs. natural premature delivery [66].  

In a study that included more than 100,000 births, maternal risk of ischemic heart disease or death was 

associated with delivering a baby in the lowest birth weight quintile for gestational age and preterm 

delivery [67]. In another study of a cohort of pregnant Finnish women, the relationship between birth 

dimensions of the offspring, maternal characteristics and mortality was studied. Maternal CVD mortality 

was inversely related to the birthweight of offspring and women having premature deliveries were also 

at increased CVD risk [64]. In a similar study in Scotland, maternal mortality from CVD was inversely 

related to offspring birthweight [68]. These findings were also confirmed by a study that demonstrated 

a hazard ratio of seven for death from CVD among women who delivered a baby less than 2500 g 

compared to those delivering babies weighing ≥3500 g [63]. Several studies have reported an association 

between low birth weight and ischemic heart disease. Studies have shown that women who deliver small 

for gestational age neonates have a higher incidence of complex cardiovascular events, such as 

congestive heart failure, hypertensive heart and kidney disease, acute cor pulmonale and even 
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postpartum venous thromboembolism [69]. Also, those with preterm delivery have higher systolic blood 

pressure and lower HDL values later in life [70,71]. 

It has also been postulated that the development of hypertensive disorders during pregnancy have a 

negative effect on the future cardiovascular health of the offspring. Multiple studies have shown a 

correlation between maternal pregnancy-related hypertension and the development of hypertension in 

their offspring in childhood and adolescence [72–75]. Older children born of women with a history of 

pregnancy-related hypertension also have been shown to have higher levels of blood pressure [76]. When 

compared with subjects with a normal fetal growth, those born small for gestational age (defined as  

birth weight < or = −2 SD below the mean) were at increased risk of ischemic heart disease [77].  

In an extensive meta-analysis the relative risk for cardiac disease among the offspring of women who 

developed preeclampsia during pregnancy was 2.33 for the primary outcome of cardiac disease, which 

included ischemic heart disease, coronary artery disease, myocardial infarction, congestive heart failure, 

or death from any of the above [73]. A study in New England estimated the association between maternal 

pregnancy-related hypertension and offspring hypertension later in life. Offspring born to mothers with 

pregnancy related hypertension had a higher chance to be diagnosed with hypertension and to take 

antihypertensive drugs later in life [76]. Conflicting data were found in a study where 189 adolescents 

born to preeclamptic mothers were compared to 300 adolescents born to mothers normotensive during 

pregnancy. Initially systolic BP seemed higher in those adolescents whose mothers had preeclampsia; 

however after adjustment for maternal body mass index (BMI) this difference was attenuated. Additional 

adjustment for adolescent BMI of the offspring further attenuated the difference in SBP. It might be that 

elevated BP in the offspring of preeclamptic mothers is related mainly to maternal body weight, which 

in turn is a risk factor for preeclampsia and obesity in the offspring [74]. 

6. Biomarkers Related to Hypertensive Disorders of Pregnancy 

Pre-pregnancy body mass index (BMI) is strongly associated with blood pressure in all trimesters  

and is a strong risk factor for all types of hypertensive disorders of pregnancy. Obese mothers have 

approximately 4.7 times higher odds ratio of developing gestational hypertension and 2.5 higher odds 

ratio of preeclampsia than women with normal body weight. Higher pre-pregnancy blood pressure,  

total cholesterol and LDL levels were associated with the development of gestational diabetes and 

hypertensive disorders of pregnancy. Also, the more episodes of preeclampsia and the later it occurs in 

the pregnancy the higher the risk for another episode in future pregnancies [42]. 

A study that included more than 5000 patients measured different biomarkers including placental 

growth factor, BMI, mean arterial BP and mean uterine artery resistance to predict development of 

preeclampsia. This model gave only modest prediction of preeclampsia. Similarly, other studies have 

not been able to demonstrate a method to effectively predict preeclampsia. Placental growth factor seems 

able to predict the early onset preeclampsia, which is less common than late onset preeclampsia [78]. 

Another study performed by the same group used metabolomic technology to try to predict which 

women would develop preeclampsia. A combination of 14 metabolites measured during the first 

trimester was predictive of the future development of preeclampsia. These metabolites included amino 

acids, fatty acids and carnitines [79]. 
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In a study that included 2637 women, 9% developed preeclampsia. Different variables were analyzed 

to find correlation with the development of preeclampsia. These factors were associated with higher 

incidence of preeclampsia: chronic hypertension, pre-gestational diabetes, multiple gestation, African 

American race, prior preeclampsia assisted reproductive techniques and being overweight. Similar 

associations were found for severe preeclampsia. Being overweight or obese was the most important risk 

factor for both preeclampsia and severe preeclampsia with an attributable risk percent of 64.9% and 

64.4%, respectively [80]. 

Multiple biomarkers have been identified in the maternal circulation, however no single one has been 

demonstrated to be clinically applicable. In fetuses with normal chromosome number, low levels of 

pregnancy-associated plasma protein (PAPP-A) and plasma protein 13 (PP-13) have been associated 

with the development of preeclampsia, intrauterine growth restriction (IUGR), placental abruption and 

stillbirth [81]. Increased serum levels of cystatin C in the first trimester are associated with the later 

development of preeclampsia. Cystatin C inhibits cathepsins, which are expressed in macrophages and 

trophoblasts and are important in trophoblastic invasion [82]. Inflammatory markers C-reactive protein 

and PTX3 increase in normal pregnancy as gestation advances, but they have found to be even higher in 

the first trimester of pregnancies that subsequently develop early-onset preeclampsia [83]. 

Angiogenic factors like placental growth factor (PlGF) and vascular endothelial growth factor 

(VEGF) have been found to be reduced in patients who develop preeclampsia [84]. And, since maternal 

endothelial dysfunction is a feature of preeclampsia, markers of endothelial dysfunction have also been 

studied. Neutrophil gelatinase-associated lipocalin (NGAL) is a glycoprotein found in neutrophil 

granules, and was found to be increased in the first trimester of pregnancies later complicated by 

preeclampsia. Also, P-selectin a cell surface adhesion molecule expressed by endothelial cells and 

activated platelets, was found to be increased during the first trimester and during preeclampsia [85–87]. 

7. Gestational Diabetes 

Gestational diabetes mellitus (GDM) affects many women during pregnancy and is enhanced by the 

epidemic of obesity, increasing age at the time of the first pregnancy, stressful life conditions, sedentary 

lifestyle with less physical activity and unhealthy nutrition. A diet rich in highly processed foods,  

high-calories and saturated fat intake has shown to further increase the risk of GDM [88]. The reported 

prevalence of GDM ranges between 2%–11% [89]. 

As with hypertensive disorders of pregnancy, the development of gestational diabetes or 

hyperglycemia during pregnancy represents a risk factor for future maternal type 2 diabetes mellitus, 

metabolic syndrome, and, with time, cardiovascular disease. GDM, defined as glucose intolerance of 

varying severity recognized the first time during pregnancy, represents a failure of the pancreas to 

respond to the progressive insulin resistance of the latter stages of gestation by appropriately increasing 

beta-cell mass and insulin secretion [90–92]; for this reason the American Diabetes Association now 

advises universal third-trimester screening. After a 75-g or 100-g oral glucose tolerance test women can 

be classified into normal glucose tolerance, gestational impaired glucose tolerance and GDM. Even 

milder degrees of glucose intolerance place the mother at increased postpartum cardiovascular risk [93]. 

GDM is managed initially with diet and lifestyle modification and, if necessary insulin or oral (glyburide 

or metformin) therapy. 
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Patients who develop GDM have a higher risk of progression to type 2 DM (T2DM) in the years after 

the index pregnancy. In some studies it is estimated that GDM and milder gestational hyperglycemia 

predispose to hyperglycemia soon after delivery, and 20% to 30% of women with GDM will develop 

T2DM within the first five years postpartum, in part because of persistent pancreatic beta-cell 

dysfunction [94–96]. A meta-analysis that included 28 studies reported an incidence of progression to 

T2DM ranging between 2.6%–70% at six weeks to 28 years postpartum. This wide range might be 

explained by different lengths of follow-up, ethnic variation, and the diagnostic criteria used in these 

studies. Cumulative incidence of T2DM increased markedly in the first five years after delivery and 

appeared to plateau after 10 years. An elevated fasting glucose level during pregnancy was the risk factor 

most commonly associated with future risk of type 2 diabetes. It seems that higher glucose levels during 

pregnancy correlates with higher future risk of type 2 diabetes; it may be possible to stratify risk further 

based on this variable. Other multiple clinical factors were analyzed but showed variable results among 

the different studies [97]. 

Current ADA guidelines recommend glycemic status be reassessed at six to 12 weeks after delivery 

and every three years thereafter. Women with higher fasting glucose levels during pregnancy and after 

delivery may warrant more frequent testing and lower-risk women less frequent testing [98]. 

GDM is also associated with increased risk of metabolic syndrome postpartum [99]. In a study of 487 

women, the risk of developing metabolic syndrome increased by up to 10% in those with history of 

DGM. Women with GDM have a more atherogenic lipid profile by three months postpartum, 

characterized by increased LDL and apoB and have increased carotid intima-media thickness compared 

to controls [100–104]. In a prospective study, 917 pregnant women were evaluated and followed for  

20 years. After adjustments for BMI and smoking status there was a significant increase in the risk  

for CVD, hypertension and hospitalization for CVD as gestational HbA1c increased [105]. A study of 

2639 women showed that the relationship between GDM and future development of CVD is more robust 

for women with a BMI > 25 [106]. Markers that can serve as a surrogate of subclinical atherosclerosis 

even in women without T2DM after having GDM have been proposed. And, a recently published study 

showed that women with previous GDM have higher carotid intima media thickness, abnormal 

endothelial dysfunction and increased epicardial fat thickness, indicating their higher risk for 

cardiovascular disease, beyond their predisposition to future diabetes [99]. 

Detection of GDM offers clinicians opportunities to care longitudinally for a relatively young 

population at increased risk for cardiovascular events and to intervene early to modify such risk.  

The risk of T2DM after GDM is higher in black women and non-European descent women; in these 

groups impaired glucose metabolism and metabolic syndrome are more prominent, revealing an urgent 

demand for strategies for cardiometabolic disease prevention for women of these specific ethnicities [107]. 

8. Predictive Models and Risk Reduction 

Many groups have tried to formulate models to predict which women will develop preeclampsia. 

However, despite established clinical characteristics associated with the development of preeclampsia, 

no single screening test has shown sufficient specificity and sensitivity to be of clinical use. 

A multicenter study in New Zealand, Australia, United Kingdom and Ireland attempted to create  

a predictive model for preeclampsia based on clinical risk factors for nulliparous women and to identify 
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a subgroup at increased risk. Despite finding clinical factors associated with the development of 

preeclampsia, they concluded that the ability to predict preeclampsia in healthy nulliparous women using 

clinical phenotype is modest at most. A prior history of preeclampsia is the most consistent predictive 

factor, which clearly cannot apply to this group—the group with the highest incidence of this condition. 

These clinical factors include mean arterial blood pressure, body mass index, family history of 

preeclampsia, family history of coronary heart disease, maternal birth weight and vaginal bleeding.  

The addition of 20 weeks uterine artery Doppler indices did not improve performance. Surprisingly 

smoking and alcohol use in the first trimester were associated with lower risk [108,109]. Another study 

enrolled pregnant women before 15 weeks of gestation [80]. The incidence of preeclampsia was 9%, 

and the factors associated were chronic hypertension, pre-existing diabetes, multiple gestation,  

African American race, prior preeclampsia, nulliparity, assisted reproductive techniques, presence of 

antiphospholipid antibodies, age more than 40, pregnancy interval of ≥10 years and being overweight or 

obese [80,110]. Chronic hypertension is a risk factor to develop preeclampsia and among low-risk 

women mean arterial blood pressure (MAP) during the first or second trimester has been proposed to 

have better predictive value that systolic or diastolic readings alone. The increased MAP in patients who 

subsequently develop preeclampsia is probably caused by reduced elasticity of the maternal arteries 

combined with increased vasoconstriction. For high-risk women, the diastolic blood pressure measured 

between 13 and 20 weeks of gestation was the parameter most predictive for pre-eclampsia [111,112]. 

The utility of Doppler analysis of the uterine artery in predicting preeclampsia has been extensively 

studied. The abnormal placentation that characterizes preeclampsia is associated with an increased 

resistance in the utero-placental circulation. Indicators of the increased resistance are presence of a 

diastolic “notch” in the Doppler waveform of the uterine artery or an increase in that vessel’s pulsatility 

index (PI) and the resistive index [109]. A high first trimester PI is however, reversible, and can  

appear at the end of first trimester in pregnant women with a normal placentation. Therefore, first and 

early second trimester uterine artery Doppler analysis has relatively low positive predictive value 

(approximately 21% of preeclampsia cases). In contrast, a normal PI by the end of first trimester is highly 

predictive for a normal placentation as these women have less than 1% risk of subsequent development 

of preeclampsia and therefore, a high negative predictive value [113]. A meta-analysis of 18 studies 

(55,974 women) found an overall sensitivity and specificity of first-trimester uterine artery Doppler in 

predicting pre-eclampsia of 47.8% (95% CI: 39.0–56.8) and 93.1% (95% CI: 90.6–95.0), respectively. 

Using this approach the number needed to treat (NNT) with aspirin to prevent one case of early-onset 

pre-eclampsia fell from 1000 to 173. However, several studies have been published listing reference 

values for PI by the end of first and second trimester. Based on these publications, it has been concluded 

that Doppler ultrasound should not be used alone as a first trimester prediction method for preeclampsia 

but may be valuable as part of other predictive algorithms that also include plasma biomarkers. 

In terms of reducing the risk of pre-eclampsia, a meta-analysis that included 18 studies in which 

different interventions were evaluated, including diet, fatty acid supplementation and life style 

modifications was performed. It showed that dietary interventions (including fiber, dietary fiber, bran, 

ispaghula husk, methylcellulose, psyllium, fatty acids, fish oil) reduced risk of preeclampsia by 33%, 

but no reductions with mixed interventions (diet and physical activity together) or fatty acid 

supplementation [114]. 
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Therapeutic interventions have also been studied and aspirin has been found to have an effect in 

preventing preeclampsia. Those women identified as being at risk of preeclampsia have received aspirin, 

these studies have been compiled and included in meta-analysis. A Cochrane review gathered 46 trials 

with 32,891 women and found a relative risk reduction of 0.83 (CI 0.77–0.89), NNT of 72 to prevent 

one case [115]. The PARIS study (Perinatal Antiplatelet Review of International) gathered data from 

32,217 women, reported a relative risk of 0.9 (CI 0.84–0.97) and a NNT of 114 [116]. Studies have also 

found that aspirin offers better prevention if started early during pregnancy, prior to 16 weeks, in agreement 

with the concept that abnormal placentation plays a role in the genesis of pre-eclampsia [117–119]. 

Also calcium was found to be of benefit in preventing pre-eclampsia. A Cochrane review that included 

13 trials and 15,730 women found a relative risk of 0.45 (CI 0.31–0.65) with calcium supplementation 

compared to placebo; the effect was stronger in women with low baseline calcium intake [120]. 

9. Approaches to Intervention 

Until recently the obstetrical clinic was often the first place where women had a measurement of 

blood pressure, and pre-eclampsia was considered a disease of pregnancy that resolved after delivery. 

Contemporary data demonstrate that HDP or GDM is a risk factor for development of future CVD.  

This message should be communicated clearly at discharge from the hospital or at the six-weeks 

postpartum follow up in the obstetrical clinic. However, most primary care and internal medicine 

clinicians do not review the obstetrical history as a risk factor. After delivery an important number of 

these at risk women still do not receive the appropriate screening for hypertension, diabetes, 

dyslipidemia or CVD. A 2008 study [121]. that utilized the National Health Interview Survey data 

showed that 93% of women with history of gestational hypertension received the recommended 

screening for hypertension and 75% received screening for dyslipidemia; these women had higher  

rates of obesity (43%), CVD (18%), and diabetes mellitus (13%), compared with women without a history 

of gestational hypertension. In another study a prospective cohort of women were recruited from the 

postpartum service of a large community-based academic obstetrical hospital after delivery of a pregnancy 

complicated by gestational diabetes or a hypertensive disorder of pregnancy. At the three month follow 

up visit, 57% of women with GDM had completed follow-up glucose testing; 97% with hypertension 

during pregnancy had follow-up blood pressure testing; 57% with either diagnosis recalled ever having 

completed lipid screening. Women least likely to complete screening tests were those who had no college 

education, less than a high school level of health literacy, and who were not privately insured [122]. 

For this reason, recently the American Heart Association 2011 guidelines for the prevention of heart 

disease in women included hypertensive disorders of pregnancy as a major risk factor for CVD [123,124]. 

They recommend obstetricians refer the patients to primary care physicians or cardiologists. Few clinics 

have been created specifically for postpartum CVD counseling. Structured cardiovascular screening 

programs can ensure adequate follow-up after a hypertensive disorder of pregnancy. It creates a moment 

to explain and discuss in detail the increased risk of cardiovascular disease and identifies women with 

comorbidities, such as hypertension, obesity, type 2 diabetes mellitus, and hyperlipidemia. Appropriate 

referrals of women with evidence of ongoing disease also occur. 

Some preliminary reports indicate that women after preeclampsia are willing to participate in such 

intervention programs and will have improved weight, lipid profile, and vascular function after three  
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months [125,126]. A meta-analysis found that lifestyle interventions after history of preeclampsia 

decreased cardiovascular risk by 4%–13%. Interventions included tailored aerobic exercise, dietary 

counseling and restrictions, group meetings, free nicotine patches and telephone support for smoking 

cessation assistance. This effect is modest, and can be partially explained by relatively short follow 

periods in the different studies [126]. In another study, the Diabetes Prevention Program trial lifestyle 

interventions were applied to women with a history of GDM. The multicenter study involved 27 centers 

including academic and Indian Health Services sites. Women were randomized to standard lifestyle and 

placebo or metformin therapy or to an intensive lifestyle intervention. Women with history of GDM 

randomized to placebo had an incidence rate of diabetes 71% higher than that of women without such a 

history. Among women with a reported history of GDM, both intensive lifestyle and metformin therapy 

reduced the incidence of diabetes by approximately 50% compared with the placebo group [127]. 

It has been also proposed that clinics designed for post-partum care, counseling and follow up could 

potentially reduce the incidence of DM, hypertension and CVD in women with history of hypertensive 

disorders of pregnancy or GDM. In the General Hospital in Kingston, Canada, The Maternal Health 

Clinic was created in 2011 to provide postpartum cardiovascular risk counseling or follow-up for women 

with the pregnancy-related complications, including preeclampsia, GDM, idiopathic preterm birth, 

placental abruption, and fetal growth restriction. Twenty percent of the target population with an average 

age of 33 years met criteria of metabolic syndrome and 85% revealed elevated lifetime cardiovascular 

disease risk. This demonstrates that the creation of programs or clinics designed to follow women with 

a history of hypertensive disorders of pregnancy have a significant target population to work with. Long 

term outcome data from groups like this is needed to gain further insight in how we can modify the CVD 

risk factors after an episode of a HDP [5,128,129]. A small study performed in Canada showed that 

women with history of preeclampsia who followed up in the Postpartum Preeclampsia Clinic had a 

significant increase in physical activity and a modest decline in weight. This group is working on a larger 

sample size and longer duration of follow-up to confirm these findings [130]. A pilot study from  

a California clinic named Dulce Mothers, from a northern San Diego County federally qualified 

community health center reported similar findings. This clinic enrolled 84 low-income Latino women 

with history of GDM; they underwent an eight-week peer-educator led group intervention, with tailoring 

for Latino culture and recent motherhood. Lifestyle changes and diabetes and cardiovascular risk  

factors were assessed at study baseline, month three and month six. Participants evidenced statistically 

significant improvements in lifestyle behaviors, blood pressure and lipids [131]. 

A group in the Maastricht University Medical Center, the Netherlands proposed a follow up model 

for patients with history of hypertensive disorders of pregnancy, GDM or preterm birth. This model 

includes the regular follow up with the obstetrician at six weeks post-partum when BP is measured, 

followed by a three to six months post-partum visit with either a primary care physician or a cardiologist 

where BP (preferably including 24-h automated home blood pressure), screening for metabolic 

abnormalities, body mass index, fasting glucose, lipid profile and dipstick for albuminuria and 

proteinuria are performed. Patients are referred to a specialist if secondary hypertension is suspected or 

persistent proteinuria is found. After that a yearly follow up is recommended with the general practitioner 

with weight and blood pressure screening and every other year glucose and cholesterol measurements. 

Across these visits, individualized and family centered lifestyle advice for all women should be offered, 

considering local lifestyle intervention programs. Also, individualized advice is recommended about 
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future pregnancies, and the possible benefits of a healthy lifestyle on recurrence risk. After pregnancy, 

if pharmacological treatment of high blood pressure and type 2 diabetes mellitus is indicated, treatment 

of lipid abnormalities should be considered [132]. 

10. Conclusions 

Pre-eclampsia occurs in 3% to 5% of all pregnancies, comparable to the prevalence of diabetes mellitus 

at reproductive age, a well-accepted risk marker for cardiovascular disease. Women with a history of  

pre-eclampsia have a doubled risk of stroke, cardiac ischemia, or venous thrombosis within 10 to 20 years 

after pregnancy. They have a four-fold higher risk of hypertension and a three-fold higher risk of type  

2 diabetes mellitus. 

Growing evidence indicates that women with a history of pregnancy complications, including 

hypertensive disorders of pregnancy, gestational diabetes, fetal growth restriction and preterm delivery 

are at increased risk for cardiovascular disease later in life. Findings thus far do not demonstrate a causal 

relationship between maternal placental disorders in pregnancy and future cardiovascular disease.  

A more likely explanation relates to a woman’s abnormal metabolic environment that precedes her 

pregnancy and continues after delivery. This chronic state of abnormal metabolism might create an 

unfavorable environment during the development of the placental spiral arteries, which can adversely 

affect fetal health, while negatively affecting the large arteries of a woman’s heart, brain, and extremities 

over a longer period of time. The current hypothesis is that the development of these pregnancy-related 

complications indicates an inability to adequately adapt to the physiologic stress of pregnancy and thus 

reveals the presence of underlying cardiovascular susceptibility to CVD. 

Pregnancy offers a unique opportunity during which women at risk of future CVD may be identified. 

Since pregnancy is one of the few occasions when most young women access the healthcare system on 

a regular basis, clinicians have an opportunity to implement primary prevention strategies, including 

health monitoring, lifestyle modifications, and other interventions, that will help reduce the burden of 

CVD. Studies have shown that women are motivated to change their lifestyle habits during pregnancy 

or the postpartum period, to optimize fetal, neonatal, and maternal outcomes. In 2011, both the American 

Heart Association and the European Society of Cardiology included history of pre-eclampsia and  

in the case of the American Heart Association also GDM as part of CVD risk assessment that would 

trigger closer monitoring and control of CVD risk factors in women [123,133]. Evidence-based 

guidelines for screening and interventions remain an unmet need. 

Predicting markers for pregnancy complications like pre-eclampsia, gestational diabetes, preterm 

birth and fetal growth restriction is actively being studied. As a consequence, the next decade is likely 

to see a paradigm shift in early pregnancy screening, which will require substantial changes to current 

models of antenatal care. 

Author Contributions 

All authors contributed to the writing and editing of this review. 
  



Int. J. Mol. Sci. 2015, 16 23920 

 

 

Conflicts of Interest 

The authors declare no conflict of interest. 

References 

1. Mozaffarian, D.; Benjamin, E.J.; Go, A.S.; Arnett, D.K.; Blaha, M.J.; Cushman, M.; de Ferranti, S.; 

Despres, J.P.; Fullerton, H.J.; Howard, V.J.; et al. Heart disease and stroke statistics—2015 update: 

A report from the american heart association. Circulation 2015, 131, e29–e322. 

2. Women’s Heart Disease Awareness Study. Available online: https://www.goredforwomen.org/ 

about-heart-disease/facts_about_heart_disease_in_women-sub-category/womens-heart-disease-

awareness-study-2012/ (accessed on 17 September 2015). 

3. Bellamy, L.; Casas, J.P.; Hingorani, A.D.; Williams, D.J. Pre-eclampsia and risk of cardiovascular 

disease and cancer in later life: Systematic review and meta-analysis. BMJ 2007, 335, 

doi:10.1136/bmj.39335.385301.BE. 

4. Savitz, D.A.; Danilack, V.A.; Elston, B.; Lipkind, H.S. Pregnancy-induced hypertension and 

diabetes and the risk of cardiovascular disease, stroke, and diabetes hospitalization in the year 

following delivery. Am. J. Epidemiol. 2014, 180, 41–44. 

5. Cusimano, M.C.; Pudwell, J.; Roddy, M.; Cho, C.K.; Smith, G.N. The maternal health clinic:  

An initiative for cardiovascular risk identification in women with pregnancy-related complications. 

Am. J. Obstet. Gynecol. 2014, 210, e431–e439. 

6. Pritchard, J.A. Changes in the blood volume during pregnancy and delivery. Anesthesiology 1965, 

26, 393–399. 

7. Van Oppen, A.C.; Stigter, R.H.; Bruinse, H.W. Cardiac output in normal pregnancy: A critical 

review. Obstet. Gynecol. 1996, 87, 310–318. 

8. Curran-Everett, D.; Morris, K.G., Jr.; Moore, L.G. Regional circulatory contributions to increased 

systemic vascular conductance of pregnancy. Am. J. Physiol. 1991, 261, H1842–H1847. 

9. Geva, T.; Mauer, M.B.; Striker, L.; Kirshon, B.; Pivarnik, J.M. Effects of physiologic load of 

pregnancy on left ventricular contractility and remodeling. Am. Heart J. 1997, 133, 53–59. 

10. Chaiworapongsa, T.; Chaemsaithong, P.; Yeo, L.; Romero, R. Pre-eclampsia part 1: Current 

understanding of its pathophysiology. Nat. Rev. Nephrol. 2014, 10, 466–480. 

11. Bulmer, J.N.; Innes, B.A.; Levey, J.; Robson, S.C.; Lash, G.E. The role of vascular smooth muscle 

cell apoptosis and migration during uterine spiral artery remodeling in normal human pregnancy. 

FASEB J. 2012, 26, 2975–2985. 

12. Li, W.; Mata, K.M.; Mazzuca, M.Q.; Khalil, R.A. Altered matrix metalloproteinase-2 and -9 

expression/activity links placental ischemia and anti-angiogenic sflt-1 to uteroplacental and 

vascular remodeling and collagen deposition in hypertensive pregnancy. Biochem. Pharmacol. 

2014, 89, 370–385. 

13. Easterling, T.R.; Benedetti, T.J.; Schmucker, B.C.; Carlson, K.; Millard, S.P. Maternal 

hemodynamics and aortic diameter in normal and hypertensive pregnancies. Obstet. Gynecol. 

1991, 78, 1073–1077. 



Int. J. Mol. Sci. 2015, 16 23921 

 

 

14. Talbert, L.M.; Langdell, R.D. Normal values of certain factors in the blood clotting mechanism in 

pregnancy. Am. J. Obstet. Gynecol. 1964, 90, 44–50. 

15. Okoroh, E.M.; Azonobi, I.C.; Grosse, S.D.; Grant, A.M.; Atrash, H.K.; James, A.H. Prevention of 

venous thromboembolism in pregnancy: A review of guidelines, 2000–2011. J. Women’s Health 

2012, 21, 611–615. 

16. Lussana, F.; Coppens, M.; Cattaneo, M.; Middeldorp, S. Pregnancy-related venous 

thromboembolism: Risk and the effect of thromboprophylaxis. Thromb. Res. 2012, 129, 673–680. 

17. Clark, P.; Brennand, J.; Conkie, J.A.; McCall, F.; Greer, I.A.; Walker, I.D. Activated protein c 

sensitivity, protein c, protein s and coagulation in normal pregnancy. Thromb. Haemost. 1998, 79, 

1166–1170. 

18. Brizzi, P.; Tonolo, G.; Esposito, F.; Puddu, L.; Dessole, S.; Maioli, M.; Milia, S. Lipoprotein 

metabolism during normal pregnancy. Am. J. Obstet. Gynecol. 1999, 181, 430–434. 

19. Charlton, F.; Tooher, J.; Rye, K.A.; Hennessy, A. Cardiovascular risk, lipids and pregnancy: 

Preeclampsia and the risk of later life cardiovascular disease. Heart Lung Circ. 2014, 23, 203–212. 

20. Emet, T.; Ustuner, I.; Guven, S.G.; Balik, G.; Ural, U.M.; Tekin, Y.B.; Senturk, S.; Sahin, F.K.; 

Avsar, A.F. Plasma lipids and lipoproteins during pregnancy and related pregnancy outcomes. 

Arch. Gynecol. Obstet. 2013, 288, 49–55. 

21. Ghio, A.; Bertolotto, A.; Resi, V.; Volpe, L.; di Cianni, G. Triglyceride metabolism in pregnancy. 

Adv. Clin. Chem. 2011, 55, 133–153. 

22. Duley, L. The global impact of pre-eclampsia and eclampsia. Semin. Perinatal. 2009, 33, 130–137. 

23. Ahmed, R.; Dunford, J.; Mehran, R.; Robson, S.; Kunadian, V. Pre-eclampsia and future 

cardiovascular risk among women: A review. J. Am. Coll. Cardiol. 2014, 63, 1815–1822. 

24. Lambert, G.; Brichant, J.F.; Hartstein, G.; Bonhomme, V.; Dewandre, P.Y. Preeclampsia: An 

update. Acta Anaesthesiol. Belg. 2014, 65, 137–149. 

25. Vaughan, J.E.; Walsh, S.W. Oxidative stress reproduces placental abnormalities of preeclampsia. 

Hypertens. Pregnancy 2002, 21, 205–223. 

26. Gant, N.F.; Chand, S.; Whalley, P.J.; MacDonald, P.C. The nature of pressor responsiveness to 

angiotensin II in human pregnancy. Obstet. Gynecol. 1974, 43, 854–860. 

27. Romero, R.; Mazor, M.; Lockwood, C.J.; Emamian, M.; Belanger, K.P.; Hobbins, J.C.; Duffy, T. 

Clinical significance, prevalence, and natural history of thrombocytopenia in pregnancy-induced 

hypertension. Am. J. Perinatal. 1989, 6, 32–38. 

28. Wei, S.Q.; Audibert, F.; Hidiroglou, N.; Sarafin, K.; Julien, P.; Wu, Y.; Luo, Z.C.; Fraser, W.D. 

Longitudinal vitamin d status in pregnancy and the risk of pre-eclampsia. BJOG 2012, 119, 832–839. 

29. Bodnar, L.M.; Catov, J.M.; Simhan, H.N.; Holick, M.F.; Powers, R.W.; Roberts, J.M. Maternal vitamin 

D deficiency increases the risk of preeclampsia. J. Clin. Endocrinol. Metab. 2007, 92, 3517–3522. 

30. Slusher, A.L.; McAllister, M.J.; Huang, C.J. A therapeutic role for vitamin d on obesity-associated 

inflammation and weight-loss intervention. Inflamm. Res. 2015, 64, 565–575. 

31. Waterhouse, M.; Tran, B.; Ebeling, P.R.; English, D.R.; Lucas, R.M.; Venn, A.J.; Webb, P.M.; 

Whiteman, D.C.; Neale, R.E. Effect of vitamin d supplementation on selected inflammatory 

biomarkers in older adults: A secondary analysis of data from a randomised, placebo-controlled 

trial. Br. J. Nutr. 2015, 1–7. 



Int. J. Mol. Sci. 2015, 16 23922 

 

 

32. Redman, C.W.; Sacks, G.P.; Sargent, I.L. Preeclampsia: An excessive maternal inflammatory 

response to pregnancy. Am. J. Obstet. Gynecol. 1999, 180, 499–506. 

33. Maynard, S.; Epstein, F.H.; Karumanchi, S.A. Preeclampsia and angiogenic imbalance. Ann. Rev. Med. 

2008, 59, 61–78. 

34. American College of Obstetricians and Gynecologists. Vitamin D: Screening and supplementation 

during pregnancy. Obstet. Gynecol. 2011, 118, 297–298. 

35. MacKay, A.P.; Berg, C.J.; Atrash, H.K. Pregnancy-related mortality from preeclampsia and 

eclampsia. Obstet. Gynecol. 2001, 97, 533–538. 

36. Roberts, C.L.; Algert, C.S.; Morris, J.M.; Ford, J.B.; Henderson-Smart, D.J. Hypertensive 

disorders in pregnancy: A population-based study. Med. J. Aust. 2005, 182, 332–335. 

37.  Broekhuijsen, K.; Ravelli, A.C.; Langenveld, J.; van Pampus, M.G.; van Den Berg, P.P.; Mol, B.W.; 

Franssen, M.T. Maternal and neonatal outcomes of pregnancy in women with chronic 

hypertension: A retrospective analysis of a national register. Acta Obstet. Gynecol. Scand. 2015, 

doi:10.1111/aogs.12757. 

38. Barbosa, I.R.; Silva, W.B.; Cerqueira, G.S.; Novo, N.F.; Almeida, F.A.; Novo, J.L. Maternal and 

fetal outcome in women with hypertensive disorders of pregnancy: The impact of prenatal care. 

Ther. Adv. Cardiovasc. Dis. 2015, 9, 140–146. 

39. Ramadan, M.M.; Mahfouz, E.M.; Gomaa, G.F.; El-Diasty, T.A.; Alldawi, L.; Ikrar, T.; Limin, D.; 

Kodama, M.; Aizawa, Y. Evaluation of coronary calcium score by multidetector computed 

tomography in relation to endothelial function and inflammatory markers in asymptomatic 

individuals. Circ. J. 2008, 72, 778–785. 

40. Budoff, M.J.; Flores, F.; Tsai, J.; Frandsen, T.; Yamamoto, H.; Takasu, J. Measures of brachial 

artery distensibility in relation to coronary calcification. Am. J. Hypertens. 2003, 16, 350–355. 

41. Cassidy-Bushrow, A.E.; Bielak, L.F.; Rule, A.D.; Sheedy, P.F.; Turner, S.T.; Garovic, V.D.; 

Peyser, P.A. Hypertension during pregnancy is associated with coronary artery calcium 

independent of renal function. J. Womens Health 2009, 18, 1709–1716. 

42. Magnussen, E.B.; Vatten, L.J.; Smith, G.D.; Romundstad, P.R. Hypertensive disorders in 

pregnancy and subsequently measured cardiovascular risk factors. Obstet. Gynecol. 2009, 114, 

961–970. 

43. Garovic, V.D.; Bailey, K.R.; Boerwinkle, E.; Hunt, S.C.; Weder, A.B.; Curb, D.; Mosley, T.H., Jr.; 

Wiste, H.J.; Turner, S.T. Hypertension in pregnancy as a risk factor for cardiovascular disease later 

in life. J. Hypertens. 2010, 28, 826–833. 

44. Lykke, J.A.; Langhoff-Roos, J.; Sibai, B.M.; Funai, E.F.; Triche, E.W.; Paidas, M.J. Hypertensive 

pregnancy disorders and subsequent cardiovascular morbidity and type 2 diabetes mellitus in the 

mother. Hypertension 2009, 53, 944–951. 

45. Irgens, H.U.; Reisaeter, L.; Irgens, L.M.; Lie, R.T. Long term mortality of mothers and fathers 

after pre-eclampsia: Population based cohort study. BMJ 2001, 323, 1213–1217. 

46. Jonsdottir, L.S.; Arngrimsson, R.; Geirsson, R.T.; Sigvaldason, H.; Sigfusson, N. Death rates from 

ischemic heart disease in women with a history of hypertension in pregnancy. Acta Obstet. 

Gynecol. Scand. 1995, 74, 772–776. 

47. Shopen, N.; Schiff, E.; Koren-Morag, N.; Grossman, E. Factors that predict the development of 

hypertension in women with pregnancy-induced hypertension. Am. J. Hypertens. 2015, in press. 



Int. J. Mol. Sci. 2015, 16 23923 

 

 

48. Van Walraven, C.; Mamdani, M.; Cohn, A.; Katib, Y.; Walker, M.; Rodger, M.A. Risk of 

subsequent thromboembolism for patients with pre-eclampsia. BMJ 2003, 326, 791–792. 

49. Rodie, V.A.; Freeman, D.J.; Sattar, N.; Greer, I.A. Pre-eclampsia and cardiovascular disease: 

Metabolic syndrome of pregnancy? Atherosclerosis 2004, 175, 189–202. 

50. Marin, R.; Gorostidi, M.; Portal, C.G.; Sanchez, M.; Sanchez, E.; Alvarez, J. Long-term prognosis 

of hypertension in pregnancy. Hypertens. Pregnancy 2000, 19, 199–209. 

51. Hermes, W.; Franx, A.; van Pampus, M.G.; Bloemenkamp, K.W.; Bots, M.L.; van der Post, J.A.; 

Porath, M.; Ponjee, G.A.; Tamsma, J.T.; Mol, B.W.; et al. Cardiovascular risk factors in women 

who had hypertensive disorders late in pregnancy: A cohort study. Am. J. Obstet. Gynecol. 2013, 

208, e471–e478. 

52. Al-Nasiry, S.; Ghossein-Doha, C.; Polman, S.; Lemmens, S.; Scholten, R.; Heidema, W.; Spaan, J.; 

Spaanderman, M. Metabolic syndrome after pregnancies complicated by pre-eclampsia or small for 

gestational age: A retrospective cohort. BJOG Int. J. Obstet. Gynaecol. 2014, doi:10.1111/1471-

0528.13117. 

53. Kessous, R.; Shoham-Vardi, I.; Pariente, G.; Sergienko, R.; Sheiner, E. Long-term maternal 

atherosclerotic morbidity in women with pre-eclampsia. Heart 2015, 101, 442–446. 

54. Hermes, W.; Tamsma, J.T.; Grootendorst, D.C.; Franx, A.; van der Post, J.; van Pampus, M.G.; 

Bloemenkamp, K.W.; Porath, M.; Mol, B.W.; de Groot, C.J. Cardiovascular risk estimation in 

women with a history of hypertensive pregnancy disorders at term: A longitudinal follow-up study. 

BMC Pregnancy Childbirth 2013, 13, doi: 10.1186/1471-2393-13-126. 

55. Funai, E.F.; Friedlander, Y.; Paltiel, O.; Tiram, E.; Xue, X.; Deutsch, L.; Harlap, S. Long-term 

mortality after preeclampsia. Epidemiology 2005, 16, 206–215. 

56. Ray, J.G.; Vermeulen, M.J.; Schull, M.J.; Redelmeier, D.A. Cardiovascular health after maternal 

placental syndromes (champs): Population-based retrospective cohort study. Lancet 2005, 366, 

1797–1803. 

57. Wu, C.C.; Chen, S.H.; Ho, C.H.; Liang, F.W.; Chu, C.C.; Wang, H.Y.; Lu, Y.H. End-stage renal 

disease after hypertensive disorders in pregnancy. Am. J. Obstet. Gynecol. 2014, 210, 147 e1–e8. 

58. Cirillo, P.M.; Cohn, B.A. Pregnancy complications and cardiovascular disease death: 50-year 

follow-up of the child health and development studies pregnancy cohort. Circulation 2015, 132, 

1234–1242. 

59. Aykas, F.; Solak, Y.; Erden, A.; Bulut, K.; Dogan, S.; Sarli, B.; Acmaz, G.; Afsar, B.; Siriopol, D.; 

Covic, A.; et al. Persistence of cardiovascular risk factors in women with previous preeclampsia: 

A long-term follow-up study. J. Investig. Med. 2015, 63, 641–645. 

60. Henriques, A.C.; Carvalho, F.H.; Feitosa, H.N.; Macena, R.H.; Mota, R.M.; Alencar, J.C. 

Endothelial dysfunction after pregnancy-induced hypertension. Int. J. Gynaecol. Obstet. 2014, 

124, 230–234. 

61. Ray, J.G.; Schull, M.J.; Kingdom, J.C.; Vermeulen, M.J. Heart failure and dysrhythmias after 

maternal placental syndromes: HAD MPS Study. Heart 2012, 98, 1136–1141. 

62. Davey Smith, G.; Hypponen, E.; Power, C.; Lawlor, D.A. Offspring birth weight and parental 

mortality: Prospective observational study and meta-analysis. Am. J. Epidemiol. 2007, 166, 160–169. 

63. Smith, G.D.; Harding, S.; Rosato, M. Relation between infants’ birth weight and mothers’ 

mortality: Prospective observational study. BMJ 2000, 320, 839–840. 



Int. J. Mol. Sci. 2015, 16 23924 

 

 

64. Smith, G.D.; Whitley, E.; Gissler, M.; Hemminki, E. Birth dimensions of offspring, premature 

birth, and the mortality of mothers. Lancet 2000, 356, 2066–2067. 

65. Catov, J.M.; Wu, C.S.; Olsen, J.; Sutton-Tyrrell, K.; Li, J.; Nohr, E.A. Early or recurrent preterm 

birth and maternal cardiovascular disease risk. Ann. Epidemiol. 2010, 20, 604–609. 

66. Kessous, R.; Shoham-Vardi, I.; Pariente, G.; Holcberg, G.; Sheiner, E. An association between 

preterm delivery and long-term maternal cardiovascular morbidity. Am. J. Obstet. Gynecol. 2013, 

209, e361–e368. 

67. Smith, G.C.; Pell, J.P.; Walsh, D. Pregnancy complications and maternal risk of ischaemic heart 

disease: A retrospective cohort study of 129,290 births. Lancet 2001, 357, 2002–2006. 

68. Davey Smith, G.; Hart, C.; Ferrell, C.; Upton, M.; Hole, D.; Hawthorne, V.; Watt, G. Birth weight 

of offspring and mortality in the renfrew and paisley study: Prospective observational study. BMJ 

1997, 315, 1189–1193. 

69. Blondon, M.; Quon, B.S.; Harrington, L.B.; Bounameaux, H.; Smith, N.L. Association  

between newborn birth weight and the risk of postpartum maternal venous thromboembolism:  

A population-based case-control study. Circulation 2015, 131, 1471–1476. 

70. Pariente, G.; Sheiner, E.; Kessous, R.; Michael, S.; Shoham-Vardi, I. Association between delivery 

of a small-for-gestational-age neonate and long-term maternal cardiovascular morbidity. Int. J. 

Gynaecol. Obstet. 2013, 123, 68–71. 

71. Perng, W.; Stuart, J.; Rifas-Shiman, S.L.; Rich-Edwards, J.W.; Stuebe, A.; Oken, E. Preterm birth 

and long-term maternal cardiovascular health. Ann. Epidemiol. 2015, 25, 40–45. 

72. Ferreira, I.; Peeters, L.L.; Stehouwer, C.D. Preeclampsia and increased blood pressure in the 

offspring: Meta-analysis and critical review of the evidence. J. Hypertens. 2009, 27, 1955–1959. 

73. McDonald, S.D.; Malinowski, A.; Zhou, Q.; Yusuf, S.; Devereaux, P.J. Cardiovascular sequelae of 

preeclampsia/eclampsia: A systematic review and meta-analyses. Am. Heart J. 2008, 156, 918–930. 

74. Oglaend, B.; Forman, M.R.; Romundstad, P.R.; Nilsen, S.T.; Vatten, L.J. Blood pressure in early 

adolescence in the offspring of preeclamptic and normotensive pregnancies. J. Hypertens. 2009, 

27, 2051–2054. 

75. Herrera-Garcia, G.; Contag, S. Maternal preeclampsia and risk for cardiovascular disease in 

offspring. Curr. Hypertens. Rep. 2014, 16, 475, doi:10.1007/s11906-014-0475-3. 

76. Palmsten, K.; Buka, S.L.; Michels, K.B. Maternal pregnancy-related hypertension and risk for 

hypertension in offspring later in life. Obstet. Gynecol. 2010, 116, 858–864. 

77. Kaijser, M.; Bonamy, A.K.; Akre, O.; Cnattingius, S.; Granath, F.; Norman, M.; Ekbom, A. 

Perinatal risk factors for ischemic heart disease: Disentangling the roles of birth weight and preterm 

birth. Circulation 2008, 117, 405–410. 

78. Kenny, L.C.; Black, M.A.; Poston, L.; Taylor, R.; Myers, J.E.; Baker, P.N.; McCowan, L.M.; 

Simpson, N.A.; Dekker, G.A.; Roberts, C.T.; et al. Early pregnancy prediction of preeclampsia in 

nulliparous women, combining clinical risk and biomarkers: The screening for pregnancy 

endpoints (scope) international cohort study. Hypertension 2014, 64, 644–652. 

79. Kenny, L.C.; Broadhurst, D.I.; Dunn, W.; Brown, M.; North, R.A.; McCowan, L.; Roberts, C.; 

Cooper, G.J.; Kell, D.B.; Baker, P.N.; et al. Robust early pregnancy prediction of later 

preeclampsia using metabolomic biomarkers. Hypertension 2010, 56, 741–749. 



Int. J. Mol. Sci. 2015, 16 23925 

 

 

80. Pare, E.; Parry, S.; McElrath, T.F.; Pucci, D.; Newton, A.; Lim, K.H. Clinical risk factors for 

preeclampsia in the 21st century. Obstet. Gynecol. 2014, 124, 763–770. 

81. Spencer, K.; Cowans, N.J.; Chefetz, I.; Tal, J.; Meiri, H. First-trimester maternal serum PP-13, 

PAPP-A and second-trimester uterine artery doppler pulsatility index as markers of pre-eclampsia. 

Int. J. Gynaecol. Obstet. 2007, 29, 128–134. 

82. Thilaganathan, B.; Ralph, E.; Papageorghiou, A.T.; Melchiorre, K.; Sheldon, J. Raised maternal 

serum cystatin c: An early pregnancy marker for preeclampsia. Reprod. Sci. 2009, 16, 788–793. 

83. Akolekar, R.; Casagrandi, D.; Livanos, P.; Tetteh, A.; Nicolaides, K.H. Maternal plasma pentraxin 

3 at 11 to 13 weeks of gestation in hypertensive disorders of pregnancy. Prenat. Diagn. 2009, 29, 

934–938. 

84. Wikstrom, A.K.; Larsson, A.; Eriksson, U.J.; Nash, P.; Norden-Lindeberg, S.; Olovsson, M. 

Placental growth factor and soluble FMS-like tyrosine kinase-1 in early-onset and late-onset 

preeclampsia. Obstet. Gynecol. 2007, 109, 1368–1374. 

85. Holthe, M.R.; Staff, A.C.; Berge, L.N.; Lyberg, T. Different levels of platelet activation in 

preeclamptic, normotensive pregnant, and nonpregnant women. Am. J. Obstet. Gynecol. 2004, 190, 

1128–1134. 

86. Banzola, I.; Farina, A.; Concu, M.; Sekizawa, A.; Purwosunu, Y.; Strada, I.; Arcelli, D.;  

Simonazzi, G.; Caramelli, E.; Rizzo, N. Performance of a panel of maternal serum markers in 

predicting preeclampsia at 11–15 weeks’ gestation. Prenat. Diagn. 2007, 27, 1005–1010. 

87. D’Anna, R.; Baviera, G.; Giordano, D.; Todarello, G.; Russo, S.; Recupero, S.; Bolignano, D.; 

Corrado, F. Neutrophil gelatinase-associated lipocalin serum evaluation through normal pregnancy 

and in pregnancies complicated by preeclampsia. Acta Obstet. Gynecol. Scand. 2010, 89, 275–278. 

88. Meinila, J.; Koivusalo, S.B.; Valkama, A.; Rono, K.; Erkkola, M.; Kautiainen, H.;  

Stach-Lempinen, B.; Eriksson, J.G. Nutrient intake of pregnant women at high risk of gestational 

diabetes. Food Nutr. Res. 2015, 59, doi:10.3402/fnr.v59.26676. 

89. Schneider, S.; Bock, C.; Wetzel, M.; Maul, H.; Loerbroks, A. The prevalence of gestational 

diabetes in advanced economies. J. Perinat. Med. 2012, 40, 511–520. 

90. Rieck, S.; Kaestner, K.H. Expansion of β-cell mass in response to pregnancy.  

Trends Endocrinol. Metab. 2010, 21, 151–158. 

91. Brewster, S.; Zinman, B.; Retnakaran, R.; Floras, J.S. Cardiometabolic consequences of gestational 

dysglycemia. J. Am. Coll. Cardiol. 2013, 62, 677–684. 

92. Carr, D.B.; Utzschneider, K.M.; Hull, R.L.; Tong, J.; Wallace, T.M.; Kodama, K.; Shofer, J.B.; 

Heckbert, S.R.; Boyko, E.J.; Fujimoto, W.Y.; et al. Gestational diabetes mellitus increases the risk 

of cardiovascular disease in women with a family history of type 2 diabetes. Diabetes Care 2006, 

29, 2078–2083. 

93. Retnakaran, R.; Shah, B.R. Mild glucose intolerance in pregnancy and risk of cardiovascular 

disease: A population-based cohort study. Can. Med. Assoc. J. 2009, 181, 371–376. 

94. Lee, A.J.; Hiscock, R.J.; Wein, P.; Walker, S.P.; Permezel, M. Gestational diabetes mellitus: 

Clinical predictors and long-term risk of developing type 2 diabetes: A retrospective cohort study 

using survival analysis. Diabetes Care 2007, 30, 878–883. 

95. Kaufmann, R.C.; Schleyhahn, F.T.; Huffman, D.G.; Amankwah, K.S. Gestational diabetes 

diagnostic criteria: Long-term maternal follow-up. Am. J. Obstet. Gynecol. 1995, 172, 621–625. 



Int. J. Mol. Sci. 2015, 16 23926 

 

 

96. Feig, D.S.; Zinman, B.; Wang, X.; Hux, J.E. Risk of development of diabetes mellitus after 

diagnosis of gestational diabetes. Can. Med. Assoc. J. 2008, 179, 229–234. 

97. Kim, C.; Newton, K.M.; Knopp, R.H. Gestational diabetes and the incidence of type 2 diabetes:  

A systematic review. Diabetes Care 2002, 25, 1862–1868. 

98. American Diabetes, A. Gestational diabetes mellitus. Diabetes Care 2000, 23 (Suppl. 1), S77–S79. 

99. Karoli, R.; Siddiqi, Z.; Fatima, J.; Shukla, V.; Mishra, P.P.; Khan, F.A. Assessment of noninvasive 

risk markers of subclinical atherosclerosis in premenopausal women with previous history of 

gestational diabetes mellitus. Heart Views 2015, 16, 13–18. 

100. Lauenborg, J.; Mathiesen, E.; Hansen, T.; Glumer, C.; Jorgensen, T.; Borch-Johnsen, K.; Hornnes, P.; 

Pedersen, O.; Damm, P. The prevalence of the metabolic syndrome in a danish population of 

women with previous gestational diabetes mellitus is three-fold higher than in the general 

population. J. Clin. Endocrinol. Metab. 2005, 90, 4004–4010. 

101. Retnakaran, R.; Qi, Y.; Connelly, P.W.; Sermer, M.; Zinman, B.; Hanley, A.J. Glucose intolerance 

in pregnancy and postpartum risk of metabolic syndrome in young women. J. Clin. Endocrinol. Metab. 

2010, 95, 670–677. 

102. Retnakaran, R.; Qi, Y.; Connelly, P.W.; Sermer, M.; Hanley, A.J.; Zinman, B. The graded relationship 

between glucose tolerance status in pregnancy and postpartum levels of low-density-lipoprotein 

cholesterol and apolipoprotein b in young women: Implications for future cardiovascular risk.  

J. Clin. Endocrinol. Metab. 2010, 95, 4345–4353. 

103. Freire, C.M.; Barbosa, F.B.; de Almeida, M.C.; Miranda, P.A.; Barbosa, M.M.; Nogueira, A.I.; 

Guimaraes, M.M.; Nunes Mdo, C.; Ribeiro-Oliveira, A., Jr. Previous gestational diabetes is 

independently associated with increased carotid intima-media thickness, similarly to metabolic 

syndrome—a case control study. Cardiovasc. Diabetol. 2012, 11, doi:10.1186/1475-2840-11-59. 

104. Gunderson, E.P.; Chiang, V.; Pletcher, M.J.; Jacobs, D.R.; Quesenberry, C.P.; Sidney, S.;  

Lewis, C.E. History of gestational diabetes mellitus and future risk of atherosclerosis in mid-life: 

The coronary artery risk development in young adults study. J. Am. Heart Assoc. 2014, 3, 

doi:10.1161/JAHA.113.000490. 

105. Dawson, S.I. Glucose tolerance in pregnancy and the long-term risk of cardiovascular disease. 

Diabetes Res. Clin. Pract. 2009, 85, 14–19. 

106. Fadl, H.; Magnuson, A.; Ostlund, I.; Montgomery, S.; Hanson, U.; Schwarcz, E. Gestational 

diabetes mellitus and later cardiovascular disease: A swedish population based case-control study. 

BJOG Int. J. Obstet. Gynaecol. 2014, 121, 1530–1536. 

107. Kim, C.; Cheng, Y.J.; Beckles, G.L. Cardiovascular disease risk profiles in women with histories 

of gestational diabetes but without current diabetes. Obstet. Gynecol. 2008, 112, 875–883. 

108. North, R.A.; McCowan, L.M.; Dekker, G.A.; Poston, L.; Chan, E.H.; Stewart, A.W.; Black, M.A.; 

Taylor, R.S.; Walker, J.J.; Baker, P.N.; et al. Clinical risk prediction for pre-eclampsia in  

nulliparous women: Development of model in international prospective cohort. BMJ 2011, 342, 

doi:10.1136/bmj.d1875. 

109. Campbell, S.; Diaz-Recasens, J.; Griffin, D.R.; Cohen-Overbeek, T.E.; Pearce, J.M.; Willson, K.; 

Teague, M.J. New doppler technique for assessing uteroplacental blood flow. Lancet 1983, 1, 675–677. 

110. Duckitt, K.; Harrington, D. Risk factors for pre-eclampsia at antenatal booking: Systematic review 

of controlled studies. BMJ 2005, 330, 565. 



Int. J. Mol. Sci. 2015, 16 23927 

 

 

111. Cnossen, J.S.; Vollebregt, K.C.; de Vrieze, N.; ter Riet, G.; Mol, B.W.; Franx, A.; Khan, K.S.;  

van der Post, J.A. Accuracy of mean arterial pressure and blood pressure measurements in 

predicting pre-eclampsia: Systematic review and meta-analysis. BMJ 2008, 336, 1117–1120. 

112. Wright, A.; Wright, D.; Ispas, C.A.; Poon, L.C.; Nicolaides, K.H. Mean arterial pressure in the 

three trimesters of pregnancy: Effects of maternal characteristics and medical history. Int. J. 

Gynaecol. Obstet. 2015, 45, 698–706. 

113. Napolitano, R.; Rajakulasingam, R.; Memmo, A.; Bhide, A.; Thilaganathan, B. Uterine artery 

doppler screening for pre-eclampsia: Comparison of the lower, mean and higher first-trimester 

pulsatility indices. Int. J. Gynaecol. Obstet. 2011, 37, 534–537. 

114. Allen, R.; Rogozinska, E.; Sivarajasingam, P.; Khan, K.S.; Thangaratinam, S. Effect of diet- and 

lifestyle-based metabolic risk-modifying interventions on preeclampsia: A meta-analysis. Acta Obstet. 

Gynecol. Scand. 2014, 93, 973–985. 

115. Duley, L.; Henderson-Smart, D.J.; Meher, S.; King, J.F. Antiplatelet agents for  

preventing pre-eclampsia and its complications. Cochrane Database Syst. Rev. 2007, 2, 

doi:10.1002/14651858.CD004659. 

116. Askie, L.M.; Duley, L.; Henderson-Smart, D.J.; Stewart, L.A.; Group, P.C. Antiplatelet agents for 

prevention of pre-eclampsia: A meta-analysis of individual patient data. Lancet 2007, 369, 1791–1798. 

117. Bujold, E.; Roberge, S.; Lacasse, Y.; Bureau, M.; Audibert, F.; Marcoux, S.; Forest, J.C.; Giguere, Y. 

Prevention of preeclampsia and intrauterine growth restriction with aspirin started in early 

pregnancy: A meta-analysis. Obstet. Gynecol. 2010, 116, 402–414. 

118. Villa, P.M.; Kajantie, E.; Raikkonen, K.; Pesonen, A.K.; Hamalainen, E.; Vainio, M.; Taipale, P.; 

Laivuori, H. Aspirin in the prevention of pre-eclampsia in high-risk women. BJOG Int. J.  

Obstet. Gynaecol. 2013, 120, doi:10.1111/1471-0528.12135. 

119. Roberge, S.; Nicolaides, K.H.; Demers, S.; Villa, P.; Bujold, E. Prevention of perinatal death and 

adverse perinatal outcome using low-dose aspirin: A meta-analysis. Int. J. Gynaecol. Obstet. 2013, 

41, 491–499. 

120. Hofmeyr, G.J.; Lawrie, T.A.; Atallah, A.N.; Duley, L. Calcium supplementation during pregnancy 

for preventing hypertensive disorders and related problems. Cochrane Database Syst. Rev. 2010, 

doi:10.1002/14651858.CD001059.pub2. 

121. Robbins, C.L.; Dietz, P.M.; Bombard, J.; Valderrama, A.L. Gestational hypertension: A neglected 

cardiovascular disease risk marker. Am. J. Obstet. Gynecol. 2011, 204, e331–e339. 

122. Ehrenthal, D.B.; Maiden, K.; Rogers, S.; Ball, A. Postpartum healthcare after gestational diabetes 

and hypertension. J. Womens Health 2014, 23, 760–764. 

123. Mosca, L.; Benjamin, E.J.; Berra, K.; Bezanson, J.L.; Dolor, R.J.; Lloyd-Jones, D.M.; Newby, L.K.; 

Pina, I.L.; Roger, V.L.; Shaw, L.J.; et al. Effectiveness-based guidelines for the prevention of 

cardiovascular disease in women—2011 update: A guideline from the american heart association. 

Circulation 2011, 123, 1243–1262. 

124.  Catov, J.M. Pregnancy as a window to cardiovascular disease risk: How will we know?  

J. Womens Health 2015, 24, 691–692. 

125. Berks, D.; Hoedjes, M.; Raat, H.; Duvekot, H.J.; Steegers, E.A. (68-or): Effects of lifestyle 

intervention after complicated pregnancy: Results of the pro-active study. Pregnancy Hypertens. 

2015, 5, 36–37. 



Int. J. Mol. Sci. 2015, 16 23928 

 

 

126. Berks, D.; Hoedjes, M.; Raat, H.; Duvekot, J.J.; Steegers, E.A.; Habbema, J.D. Risk of cardiovascular 

disease after pre-eclampsia and the effect of lifestyle interventions: A literature-based study.  

BJOG Int. J. Obstet. Gynaecol. 2013, 120, 924–931. 

127. Ratner, R.E.; Christophi, C.A.; Metzger, B.E.; Dabelea, D.; Bennett, P.H.; Pi-Sunyer, X.; Fowler, S.; 

Kahn, S.E.; Diabetes Prevention Program Research Group. Prevention of diabetes in women  

with a history of gestational diabetes: Effects of metformin and lifestyle interventions. J. Clin. 

Endocrinol. Metab. 2008, 93, 4774–4779. 

128. Veerbeek, J.H.; Hermes, W.; Breimer, A.Y.; van Rijn, B.B.; Koenen, S.V.; Mol, B.W.; Franx, A.; 

de Groot, C.J.; Koster, M.P. Cardiovascular disease risk factors after early-onset preeclampsia, 

late-onset preeclampsia, and pregnancy-induced hypertension. Hypertension 2015, 65, 600–606. 

129. Verbeek, A.L.; Verbeek, A.J. Timely assessment of cardiovascular risk after preeclampsia.  

J. Womens Health 2014, 10, 557–559. 

130. Janmohamed, R.; Montgomery-Fajic, E.; Sia, W.; Germaine, D.; Wilkie, J.; Khurana, R.; 

Nerenberg, K.A. Cardiovascular risk reduction and weight management at a hospital-based 

postpartum preeclampsia clinic. J. Obstet. Gynaecol. Can. 2015, 37, 330–337. 

131. Philis-Tsimikas, A.; Fortmann, A.L.; Dharkar-Surber, S.; Euyoque, J.A.; Ruiz, M.; Schultz, J.; 

Gallo, L.C. Dulce mothers: An intervention to reduce diabetes and cardiovascular risk in latinas 

after gestational diabetes. Transl. Behave Med. 2014, 4, 18–25. 

132. Spaan, J.; Peeters, L.; Spaanderman, M.; Brown, M. Cardiovascular risk management after a 

hypertensive disorder of pregnancy. Hypertension 2012, 60, 1368–1373. 

133. European Society of Gynecology (ESG); Association for European Paediatric Cardiology (AEPC); 

German Society for Gender Medicine (DGesGM); Regitz-Zagrosek, V.; Blomstrom Lundqvist, C.; 

Borghi, C.; Cifkova, R.; Ferreira, R.; Foidart, J.M.; Gibbs, J.S.; et al. Esc guidelines on the 

management of cardiovascular diseases during pregnancy: The task force on the management of 

cardiovascular diseases during pregnancy of the european society of cardiology (esc). Eur. Heart J. 

2011, 32, 3147–3197. 

© 2015 by the authors; licensee MDPI, Basel, Switzerland. This article is an open access article 

distributed under the terms and conditions of the Creative Commons Attribution license 

(http://creativecommons.org/licenses/by/4.0/). 


