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Abstract 

Pre-eclampsia (PE) is associated with an increased risk of future cardiovascular disease (CVD). It is 

characterized by new onset hypertension and proteinuria, sometimes progressing into a multiorgan 

clinical manifestation. Maladaptive placentation or malperfusion, as well as predisposing cardiovascular 

or metabolic risk for endothelial dysfunction, contribute to the systemic inflammatory response that 

establishes the origins of the disease. The purpose of this study was to investigate the relationship 

between placental morphology and cardiovascular risk (CVR) when assessed at six months 

postpartum in women who experienced PE. Multivariable logistic regression was used to examine the 

relationship between placental morphology measures and calculated maternal lifetime risk of CVD at six 

months postpartum, with P<0.05 used to define significance. 186/216 women with PE who 

attended the Maternal Health Clinic met inclusion criteria. No significant differences were observed for 

placental morphometric measurements between women who screened as having a high vs. low lifetime 

risk profile for CVD at six months postpartum. However, using multivariable modelling that controlled 

for maternal age, pre-pregnancy BMI, gestational age at delivery, and severity of PE, a low placenta to 

birth weight ratio (<15%) was associated with an increased odds of high lifetime CVD risk (p<0.009). 

The findings of the current study identify clinical measurements that can be collected at the time of 

delivery which may help identify specific women who may benefit most from postpartum CVR screening 

and intervention. It was found that low placental to birthweight ratios, indicative of higher placental 

efficiency, were associated with an increased odds of high lifetime CVD risk in the mother when screened 

postpartum. Why underlying maternal CVR factors may lead to increases in placental efficiency are 

currently unclear, but certainly warrant further investigation and will be important to do a prospective 

validation study. 
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Chapter 1 

Introduction 

1.1 Pre-eclampsia and its clinical diagnosis 

Pre-eclampsia (PE) is a pregnancy complication that affects approximately 4% of all pregnancies 

[1, 2] and is a major cause of maternal, fetal, and neonatal morbidity and mortality worldwide [3]. The 

clinical manifestations of PE are characterized by new onset hypertension with systolic blood pressure of 

>140 mmHg or diastolic blood pressure of >90 mmHg, along with proteinuria (≥ 0.3 g/24h) after 20 

weeks of gestation [4]. If proteinuria is not present, other signs or symptoms reflective of other end-organ 

dysfunction are thrombocytopenia, liver dysfunction, renal insufficiency, pulmonary edema, and cerebral 

or visual disturbances [3]. Due to its multifactorial nature, the etiology of pre-eclampsia is not fully 

understood, but it is known to be secondary to impaired placental function or malperfusion. Pre-eclampsia 

can progress to its more severe form, eclampsia, which is a life-threatening condition that can lead to 

organ damage or stroke. [3]. Pre-eclampsia may also lead to other severe conditions such as HELLP 

(hemolysis, elevated liver enzymes, and low platelet count) syndrome, pulmonary edema, renal failure, 

disseminated intravascular coagulation, and placental abruption [5]. Furthermore, the pathological 

condition can have detrimental effects on the fetus, including increased risk of fetal death, intrauterine 

growth restriction, and neurodevelopmental consequences [6]. Despite the presence of advanced medical 

interventions, delivery remains the only curative treatment, yet it does not absolve the fetus or the mother 

from long-term health risks. 
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1.2 The two-stage pathophysiology of pre-eclampsia  

1.2.1 Spiral artery remodeling in a healthy pregnancy  

Although the clinical presentation of PE does not occur until later in gestation, the development 

of the disorder commences early in pregnancy during placental development. One of the proposed 

mechanisms of PE involves abnormal placental development as a result of impaired spiral artery 

remodeling and defective trophoblast invasion [3]. Decidualization is a dynamic pathway whereby the 

endometrial stromal cells transform from an undifferentiated phenotype to the decidual phenotype in a 

non-conception cycle [7]. It occurs in species in which placentation involves breaching the maternal 

epithelium and trophoblast invasion of maternal tissues, as seen in humans [7]. The differentiation of 

endometrial stromal cells into specialist decidual cells is initiated in each menstrual cycle, regardless of 

the presence of absence of a conceptus [7]. During the implantation of an embryo, the decidualization 

process undergoes extensive tissue remodeling by trophoblast invasion to accommodate the growth of the 

fetus throughout the gestational period. During early pregnancy, trophoblast cells differentiate into two 

cell types: (1) the inner cytotrophoblasts, and (2) the outer multinucleated syncytiotrophoblast composed 

of fused cytotrophoblasts which actively migrate into the decidua [8]. During the second week of 

gestation, cytotrophoblasts begin to invade through the syncytiotrophoblast layer and form projections 

called chorionic villi. These villi become in direct contact with maternal blood flow to allow for exchange 

between maternal and fetal circulations. Transitioning into the second trimester of pregnancy, a highly 

invasive type of cytotrophoblast arise from the anchoring villi, termed extravillous trophoblasts (EVT), 

that are involved in the vascular remodeling of the maternal arteries that supply the placenta. In a healthy 

pregnancy, EVTs invade the spiral arteries in the decidua and myometrium, while simultaneously 

replacing the smooth muscle and endothelial cells from the vessel wall. The spiral arteries progressively 

lose their vascular smooth muscle and elastic lamina, while being invaded by EVTs that deposit non-

active fibrinoid and replace vascular endothelial cells [8], followed by the deterioration of the medial 

elastic, muscular, and neural tissue [3]. By the end of the second trimester of pregnancy, the uterine spiral 
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arteries are lined exclusively by cytotrophoblasts, completely replacing the endothelial cells in the 

endometrial or superficial myometrial regions [9]. This remodeling of the uterine spiral arteries results in 

dilated, low resistance arteriolar system that is insensitive to circulating vasoactive factors so that it is 

possible to transport the expanded blood volume necessary to optimize exchange at the maternal fetal 

interface [10]. According to Zhang et al., the vascular changes that occur in response to the breaching of 

the epithelium and trophoblast invasion include increased permeability, angiogenesis, and structural 

remodeling of most spiral arteries [9]. This slows maternal blood flow, minimizes turbulence, and 

improves the exchange time with the fetal circulation [9].  

1.2.2 Impaired spiral artery remodeling in pre-eclampsia  

In contrast, a preeclamptic pregnancy involves an impaired decidualization process of the 

myometrial spiral arteries and predisposes the women to shallow intravascular trophoblast invasion 

(Figure 1). The invasion of the uterine spiral arteries is limited to the proximal decidua, with 30% to 50% 

of the spiral arteries of the placental bed not undergoing endovascular trophoblast remodeling [11]. 

Myometrial segments of these arteries remain anatomically intact and undilated, yet the mean external 

diameters of the uterine spiral arteries in preeclamptic women are less than one half of the diameters of 

similar vessels of uncomplicated pregnancies. In normal pregnancies, 96% of the junctional zone spiral 

arteries are remodelled, meanwhile only 10% are remodelled in PE patients [12]. Since the arterial 

modifications only occur following the trophoblast invasion, the impaired spiral artery remodeling 

indicated impaired trophoblast function [13]. According to Cotechini et al., they used 

immunohistochemistry for cytokeratin to identify trophoblasts and alpha-actin to identify smooth muscle, 

which showed that the mean cross-sectional area of spiral arteries from lipopolysaccharide-induced fetal 

growth restriction was significantly smaller than the vessels from normal fetal growth control rats [14]. 

They further explain that an increase in macrophages around the spiral arteries was associated with 

impaired trophoblast invasion as it inhibits the invasion by secreting tumour necrosis factor [14]. These 
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results indicate the role of inflammation in inhibiting spiral artery remodeling, while highlighting that 

uteroplacental perfusion is necessary to support fetal growth and development. 

 

The failure of vascular remodeling prevents an adequate response to increased fetal demands for 

blood flow during gestation. This transitions into the second pathophysiological stage of PE in which a 

maladaptive placental environment is established (Figure 1). The consequence is hypoperfusion of the 

placenta, hypoxemia, ischemia sequence that causes a release of cytokines such as soluble fms-like 

tyrosine kinase-1 (sFLT-1) and vascular endothelial growth factor (VEGF) that induce a systemic 

response, characterized by endothelial dysfunction, widespread inflammation, and the clinical 

manifestations of PE [3].  

 

 

Figure 1: Two-stage model of the pathophysiology of pre-eclampsia. In the first stage, impairment in 

trophoblast invasion of the myometrial spiral arteries creates a hypoxic utero-placental environment 

characterized by placental ischemia and oxidative stress. In the second stage, the consequent release of 

cytokines, such as sFlt-1, into the maternal circulation that induces a systemic response in the 

preeclamptic patient. Reprinted from Steegers et al. [16]. 
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1.3 Markers of vascular and endothelial dysfunction in pre-eclampsia  

1.3.1 Imbalance of angiogenic mediators 

A pregnancy complicated by PE implicates an anti-angiogenic state. Placentas of women with PE 

revealed an overexpression of sFLT-1, a soluble receptor for the angiogenic factors, VEGF and placental 

growth factor [17]. More specifically, the growth factor VEGF stimulates angiogenesis and maintains 

endothelial integrity. sFlt-1 acts as an antagonist of VEGF and placental growth factor by binding and 

sequestering these growth factors from interacting with their receptors [17]. sFlt-1 has also been shown to 

be elevated weeks before clinical manifestations of PE were evident, indicating a role in the pathogenesis 

and prediction of PE [18]. In addition, sFlt-1 has been shown to decrease cytotrophoblast invasion in 

vitro, indicating that an excess in placental sFlt-1 may contribute to the impaired trophoblast invasion and 

spiral artery remodeling observed in PE [19]. Additionally, an increase in both placental and circulating 

sFlt-1, as well as soluble endoglin, are associated with the development of the signs of PE, including 

hypertension and proteinuria [20]. The local imbalance of angiogenic mediators evidenced by an 

overproduction of anti-angiogenic factors suggests the maladaptive vascularization that occurs in the 

placenta of preeclamptic women. Since the increased levels of sFlt-1 decline back to normal following the 

delivery of the placenta, this indicates that the placenta may be the major source of this anti-angiogenic 

factor [18].  

1.3.2 Imbalance of coagulation factors 

There is an imbalance of anti-coagulation and pro-coagulation factors that serve as markers of 

endothelial dysfunction and has been reported in women who develop PE. These coagulation cascade 

factors include elevated levels of plasma thrombomodulin, fibronectin, and Von Willebrand factor [21]. 

Additionally, whole blood flow cytometry has revealed enhanced platelet activation and increased levels 

of platelet endothelial cell adhesion moleculae-1 (PCAM-1) in preeclamptic women [21]. Plasma levels 

of other adhesion cell molecules, such as vascular adhesion moleculae-1 (VCAM-1), intercellular 

adhesion molecule-1 (ICAM-1), and E-selectin, are also significantly elevated in preeclamptic women 
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[21]. In addition, preeclamptic placentas display an increased frequency of placental infarcts [11] and 

altered morphology evidenced by abnormal cytotrophoblast proliferation and increased formation of 

syncytial knots. Further evidence for a key role of the placenta in the etiology of PE is the generally rapid 

recovery that patients experience following delivery [11, 22]. 

 

1.4 Maternal endothelial dysfunction and pre-eclampsia 

1.4.1 Impaired uteroplacental perfusion 

The vascular endothelium is responsible for controlling smooth muscle tone by releasing 

vasoconstrictor and vasodilatory substances, as well as regulating anti-coagulation, anti-platelet, and 

fibrinolysis through the release of different soluble factors [21]. It has been suggested that placental 

ischemia leads to the release of placental factors that results in the endothelial dysfunction observed in the 

maternal circulation. Endothelial dysfunction is considered to underlie many of the manifestations of PE 

including hypertension, proteinuria, and edema [23]. Additionally, in women who develop PE, pre-

existing maternal factors such as chronic hypertension, diabetes, and hyperlipidemia may predispose the 

maternal endothelium to further damage [21]. Reduced placental perfusion is thought to be an initiating 

event in PE that leads to widespread dysfunction of the maternal vascular endothelium resulting in 

systemic hypertension [15]. Moreover, reduced perfusion to different organ systems gives rise to the 

classical symptoms and signs of PE: hypertension, proteinuria, edema, headache, scotomata, reduced 

glomerular filtration rate, and fetal growth restriction [8, 24].  

1.4.2 Endothelial function in preeclamptic and normotensive pregnancies 

In a case-control study to compare vascular endothelial function between women with previous 

PE and women with uncomplicated pregnancies at three months postpartum, vascular endothelial 

dysfunction was significantly different [25]. Brachial artery flow-mediated, endothelium-dependent 

dilation measures the vasodilatory response to increases in blood flow depending on the presence of a 
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functionally intact endothelium [26]. This measure of dilation was lower in women with previous PE 

compared with controls [25]. The impaired endothelium-dependent flow-mediated dilation is more severe 

in women with recurrent PE compared with a single episode of PE. Since flow-mediated dilation is 

endothelium dependent [26], these results demonstrate that vascular endothelial function is impaired in 

women with previous PE [25].  

1.4.3 Endothelial dysfunction and the development of cardiovascular disease 

The vascular endothelium, a layer of squamous epithelial cells which lines the inside of blood and 

lymphatic vessels, plays a key role in the development of cardiovascular disease (CVD) [27]. Several 

cardiovascular diseases, such as heart failure, peripheral vascular disease, diabetes, and hypertension, are 

preceded by progressive loss of endothelial function [28]. The endothelial dysfunction leads to reduced 

vasodilatory ability; increased vascular permeability to biological toxins such as free radicals; reduced 

responses to ischemia which hinders the upregulation of angiogenic growth factors to enable vascular 

remodeling; and accelerated plaque formation [29]. Based on these findings, it is hypothesized that a 

significant contributor to maternal lifetime risk for CVD after PE is the persistence of endothelial 

dysfunction into the postpartum.  

 

1.5 Pre-eclampsia and future cardiovascular disease risk 

A pregnancy complicated by PE is associated with an elevated maternal lifetime risk for CVD, 

diabetes, and renal disease [30]. It is well established that women who have had a pregnancy complicated 

by PE are at increased risk of hypertension, ischemic heart disease, and premature cardiovascular death 

compared to women with normotensive pregnancies [31-33]. PE leads to a 4-fold increase in risk for 

chronic hypertension and 2-fold increase in stroke, venous thromboembolism, ischemic heart disease, and 

death [28]. Large epidemiologic studies have also demonstrated that women who have had PE are at 2-

fold risk to develop CVD later in life [34]. 
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1.5.1 Pre-eclampsia as a maternal placental syndrome 

Maternal placental syndromes (MPS) refer to hypertensive disorders of pregnancy and related 

placental abnormalities, such as PE, preterm birth, fetal growth restriction, placental abruption, and 

placental infarction [32]. PE is included in the MPS [32] that increase the risk of future CVD. The 

common mechanisms underlying MPS include impaired spiral arteries, placental ischemia, and 

endothelial dysfunction [13, 21, 35]. Ray et al. conducted a study which found that the future risk of CVD 

composite remained significant irrespective of the subtypes of MPS [32]. The future risk of CVD was 

also higher in women with traditional risk factors for CVD, including smoking and the individual and 

combined features of the metabolic syndrome [32]. These findings do not imply a causal relation between 

maternal placenta disorders in pregnancy and future CVD. Rather it relates to a woman’s abnormal 

metabolic milieu that likely predates her pregnancy and continues after delivery [36]. This chronic state of 

dysmetabolism [36] might create an inhospitable environment during the development of the myometrial 

spiral arteries, which can adversely affect fetal health [37], while negatively affecting the macro and 

micro vessels of a woman’s heart, brain, and extremities over a broader period of time. 

1.5.2 Risk factors for cardiovascular disease in women 

PE is associated with endothelial dysfunction and may be the initial event that triggers the 

development of atherosclerosis later in life [3]. Women with PE and women without complicated 

pregnancies have demonstrated differences in cardiovascular risk (CVR) factors including increased 

blood pressure, lipids, and body mass index (BMI), along with evidence of insulin resistance and residual 

microalbuminuria at various time points after delivery [38, 39].The presence of microalbuminuria years 

following a preeclamptic pregnancy [40, 41] may represent residual renal damage without overt renal 

dysfunction or early chronic kidney disease [42, 43] along with endothelial dysfunction [44]. 

 

One longitudinal prospective cohort comparing preeclamptic women and normotensive women 

reports differences in biochemical CVR factors at one year postpartum [30]. The data suggest that the 
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development of PE may be one of the earliest identifiable risk markers of underlying CVR and potential 

future CVD in women. The risk for cardiovascular events increases with the number of CVR factors, 

including the presence of metabolic syndrome and microalbuminuria. Underlying CVR factors, such as 

those that make up the metabolic syndrome, likely play a major role in the development of PE [30]. These 

risk factors include increased blood pressure, total cholesterol, higher low-density lipoprotein cholesterol, 

triglycerides, increased BMI, fasting insulin, insulin resistance and microalbumin/creatinine ratio [30]. 

Moreover, PE and CVD share common risk factors, such as metabolic syndrome, and it is thought that 

these shared risk factors mediate the increased risk for hypertensive disorder of pregnancy and CVD at 

different times in a woman’s life [45].  

 

Sattar and Greer proposed that complications in pregnancy predispose mothers to later vascular 

and metabolic disease [46]. A key factor underlying CVD is the metabolic syndrome. Metabolic 

syndrome encompasses a spectrum of metabolic abnormalities associated with insulin resistance, which 

manifest as hyperglycemia, hyperlipidemia, and disturbance of coagulation [46]. The normal 

physiological response to pregnancy represents a transient state of metabolic syndrome in which several 

components are acquired, including a relative degree of insulin resistance, hyperlipidemia, and an 

increase in coagulation factors [47, 48]. Normal pregnancy also involves upregulation of the 

inflammatory cascade and an increase in white cell count [49]. These metabolic changes of pregnancy are 

likely to be the result of hormonal changes, either direct or indirect, through regulation of early fat 

acquisition and its rapid mobilization in the second half of the gestational period [50]. Such metabolic 

responses could be considered as stress tests of maternal carbohydrate and lipid pathways and vascular 

function [46] that would normally resolve following delivery. In this way, adverse pregnancy outcome 

may be an indicator of increased risk of metabolic and vascular diseases later in life.  
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Following a pregnancy complicated by PE, there is an increased prevalence of CVR factors [15]. 

It has been demonstrated that early onset PE leads to an increased risk of developing metabolic syndrome 

later in life compared to late onset PE [51]. Preeclamptic women also demonstrate altered endothelial-

dependent vascular function as compared with women with a history of healthy pregnancy, independently 

of maternal obesity, blood pressure, and metabolic disturbances associated with insulin resistance or 

dyslipidemia [24]. This pattern of metabolic or vascular changes in women with a history of PE is similar 

to the abnormalities seen in this condition at diagnosis, such as the exaggerated lipid and insulin levels, 

disturbed hemostatic factors, and endothelial dysfunction [50]. In addition, patients with PE have a 

tendency towards higher levels of triglycerides and low-density lipoprotein cholesterol, as well as longer 

persistence of insulin resistance postpartum compared to normotensive pregnancies [15].  

 

1.6 Pregnancy as a cardiovascular stress test 

Many of the women who experienced a preeclamptic pregnancy and have no signs of clinical 

disease following the pregnancy exhibit the phenotype of the metabolic syndrome, such as obesity, latent 

hypertension, dyslipidemia, insulin resistance, and hyperhomocysteinemia, as well as endothelial 

dysfunction at three to twelve months postpartum [52-55]. Additionally, the prevalence of metabolic 

syndrome was significantly greater in women who had PE than in controls at one and three years 

postpartum [56]. This study also showed higher risk ratios for metabolic syndrome in preeclamptic 

women than in healthy women at one and three years postpartum [56]. Women with the phenotype for 

metabolic syndrome and endothelial dysfunction prior to pregnancy introduces these women to additional 

metabolic and cardiovascular challenges of pregnancy itself that induces transient clinical disease (i.e. 

PE) that resolves after pregnancy but is likely to re-emerge later in life as CVD [46, 57, 58]. 
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Pregnancy is a cardiovascular stress test for the mother [58]. Rich-Edwards et al. represent the 

concept of pregnancy complications and the risk of future CVD (Figure 2) [59]. A normal, healthy 

woman, as shown by the green curve, will experience a transient increase in vascular dysfunction during 

her pregnancies, but not attain the arbitrary of vascular dysfunction associated with pregnancy 

complications. Into middle age, there are age-associated increases in vascular dysfunction and perhaps 

this woman will develop a vascular condition deeper into old age. In a complicated pregnancy, as shown 

by the red curve, the level of dysfunction surpasses the threshold for vascular dysfunction producing 

disease and the patient develops PE. The condition has a higher chance of reoccurring in a later pregnancy 

as well. In postpartum, this woman sets off on a trajectory that sees a larger, earlier increase in vascular 

dysfunction with age, and she is at risk of developing premature CVD. 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 2: Vascular dysfunction in a normotensive pregnancy and a preeclamptic pregnancy.            

A pregnancy complicated by pre-eclampsia increases the risk of future vascular disease for the mother. 

The vascular dysfunction persists into the postpartum period following a preeclamptic pregnancy that 

predisposes the mother to cardiovascular disease. Reprinted from Rich-Edwards et al. [59] by permission 

of Wolters Kluwer Health, Inc. 
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1.7 Predictive value of the placenta 

1.7.1 Placental development and fetal outcomes 

The placenta is a key organ that programs the fetus for health or disease later into adulthood [60]. 

The placenta regulates the transfer of nutrients to the fetus, therefore any disturbances in this flow plays a 

role in determining the disease risk in the offspring. The variations in the supply of nutrients to the fetus 

can change the genetic expression and permanently set the structure and function of the body [61]. 

Nutrition depends on the mother’s metabolism and food reserves and on the placenta’s ability to transfer 

nutrients from the mother to the baby [61]. Babies with a low birth weight are at risk of coronary heart 

disease [62]. This is thought to reflect fetal programming, the process whereby malnutrition in utero, and 

consequent small body size at birth, alters gene expression and leads to lifeline changes in the body’s 

organs and systems [62]. 

1.7.2 Placental morphometric measurements associated with elevated cardiovascular disease risk 

The placental function is reflected in its size and shape [63]. Placental size is one of the main 

features of the placenta that is associated with adult onset disease, such as heart failure and hypertension 

[64], hence the placental phenotype predicts postnatal disease in offspring. The weight of the placenta is 

important when compared to the fetal weight, which offers an insight into the developmental mechanisms 

that lead to disease beyond the predictive value of either birth weight or placental weight alone [64]. 

Consequently, the concept of placental efficiency has become more indicative of fetal and maternal health 

outcomes. Efficiency is defined as the ratio of placental weight to birth weight at any given stage of 

gestation but is usually applied at term [65]. 

 

The Helsinki Birth Cohort, comprising 20,431 men and women, has some of the most detailed 

information on the links between placental weight at birth and health through life into old age [66]. 

Martyn et al. showed that the highest risks for coronary heart disease has a placenta weight to birth weight 

(PW:BW) ratio that is less than 15% or greater than 22% [64]. This U-shaped variation shows that 
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hypertension alone is predicted by low PW:BW ratio, whereas hypertension in combination with Type II 

Diabetes is predicted by a high PW:BW ratio [67]. A high ratio may indicate that the placenta has 

undergone a compensatory enlargement in response to fetal malnutrition [68], which is relevant in the 

process of assessing the efficiency of the placenta. Compensatory expansion maybe beneficial in some 

circumstances, to extract more nutrients from the mother, but if the compensation is inadequate and the 

fetus continues to be undernourished, the need to share its nutrients with an enlarged placenta may 

become a metabolic burden [68]. In contrast, a low PW:BW ratio, a small placenta bearing a large baby, 

may be indicative of a more efficient placenta.  

 

The placental shape is described using its length and width. If the placenta is not perfectly round 

at delivery, it can be described by its longest axis and a perpendicular short axis [60]. These two axes, 

length and width, were measured on all placentas in Helsinki hospitals and are able to relate placental size 

and shape to fetal growth and disease conditions into adulthood. Although length and width are generally 

correlated, one dimension but not the other is often associated with a particular disease outcome or 

condition [60]. The specificity associated with the predictive value of disease provided by only a single 

placenta axis has been previously reviewed [69, 70]. This led to the notion that the growth of the placental 

tissue along the two axes is controlled by different influences. It was hypothesized that tissue along the 

width serves as a nutrient sensor, responding to the mother’s nutritional state and nutritional demands of 

the fetus, while the tissue along the length has different functions [68]. 

 

One study found that an increased width of the placenta alone was associated with increasing 

birth weight and the baby’s head, chest, abdomen, and high circumferences [71]. In a separate study, 

having a shorter placental length, but not width, was associated with a shorter lifespan in men [72]. These 

findings suggest that the placental dimensions may act as predictive factors of CVD later on in life for the 

fetus. The Helsinki Birth Cohort examined the size of the baby, the length of gestation, and the weight of 

the placenta. The maximal length and diameter (width) of the placental surface were measured, with the 
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difference between the two measurements used as a measurement of ovality [61]. The Helsinki cohort 

found that colorectal cancer was associated with a longer, more oval placental surface [61]. Additionally, 

placentas of babies born after preeclamptic pregnancies had a more oval-shaped surface that those from 

normotensive pregnancies [62]. The disrupted implantation that occurs in PE is associated with a reduced 

width, but not length, of the placenta, resulting in an oval-shaped surface [62]. Furthermore, a reduced 

width is associated with development of PE, coronary heart disease, chronic heart failure, hypertension, 

and lung cancer [62, 73-76]. In contrast, placentas with reduced length were associated with reduced 

lifespan in men [72], as well as with an increased risk of asthma and Hodgkin’s lymphoma [77, 78]. 

Based on these findings, it is thought that PE illustrates the effects of an extreme variation in the 

processes that regulates implantation.  

 

PE is associated with a particular placental phenotype at birth [76] and has immediate and long-

term consequences for the fetus [76, 79]. More specifically, PE is associated with reduced width and an 

oval surface [76]. An oval-shaped placenta may be a marker of fetal undernutrition throughout gestation. 

The shape of the placental surface is established around 8-12 weeks of gestation [80]. At implantation, 

after the embryonic trophoblast cells have invaded and remodeled the spiral arteries in the mother’s 

uterine decidua, they plug the arteries to protect the early embryo from being damaged by the oxygen 

levels in the maternal blood [68]. At around 8 weeks, when the embryo is less susceptible to oxidative 

damage, the plugs are progressively removed [68]. This process begins on the periphery of what is at that 

stage a round placenta. If the process is initiated prematurely, due to the insufficient uterine secretions, 

the fetus is at risk of oxidative damage and the placenta becomes and remains oval in shape [68].  
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1.8 Molecular and histopathology profiling and subclasses of pre-eclampsia 

1.8.1 Subclasses of pre-eclampsia 

 There is a lack of robust biomarkers and effective treatments for PE due to its multifactorial 

nature. Molecular and histopathology profiling techniques are a novel application that identified three 

subclasses of preeclamptic placentas, exhibiting distinct alterations in disease pathways and varying 

expressions of commonly accepted markers of PE [81]. Leavey et al. analyzed PE microarray studies and 

combined them with a new PE microarray data set that highlight clinical differences between subclasses 

of PE [83]. There were five placental clusters identified, however, only 3 clusters are related to 

preeclamptic etiologies [81]. The three subclasses of pre-eclampsia are: (1) “maternal” PE, (2) 

“canonical” PE, and (3) “immunologic” PE. This classification of PE can identify the women who belong 

to the “canonical” PE subclass, who are at highest risk of future CVD.  

  

 A gene-set enrichment analysis (GSEA) was applied to the combined set of samples to 

characterize the different clusters at a molecular level. Cluster 1 (“maternal” PE) preeclamptic samples 

were predominantly placentas from term and near-term delivery with known maternal risk factors of 

nulliparity or a previous hypertensive pregnancy [83]. The development of PE in cluster 1 was likely due 

to common risk factors or persistent endothelial damage from a previous pregnancy [24, 84] that indicate 

an underlying susceptibility to maternal CVD [81]. Cluster 2 (“canonical” PE) samples were highly 

enriched in PE and demonstrated the highest expression of the known markers for PE, fms-like tyrosine 

kinase 1 (FLT1) and endoglin (ENG) [82]. In addition, cluster 2 samples demonstrated smaller placental 

weights, early deliveries, and coexisting diagnoses of intrauterine growth restriction (IUGR) and HELLP 

syndrome [82]. Histological examination of the PE-IUGR samples from cluster 2 revealed distal villous 

hypoplasia, placental infarctions, and syncytial knots [81]. GSEA identified increased hypoxia and 

response to nutrients [85-90], supporting that the pathogenesis of PE in this cluster is of placental origin 

[83]. Cluster 3 (“immunologic” PE) is another molecular group of preeclamptic samples with a severe 
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form of the pathology, including IUGR. The GSEA and histopathologic analysis of samples in cluster 3 

identified an increased expression of immune response genes and poor maternal tolerance [91] of the feto-

placental unit. Furthermore, the majority of the women in cluster 3 who had experienced PE were A 

blood type [82], which is associated with an increase in inflammatory markers [92]. In contrast, the 

women in cluster 3 who did not experience PE were all B blood type [82], which has not been linked to 

this increased risk of PE [92], and thus may be immunologically protective toward the development of 

symptoms in the mother [82]. 

1.8.2 Discriminatory potential of genetic biomarkers between placental clusters 

 Leavey et al. have identified a small panel of candidate markers that are able to discriminate 

between the observed placental clusters for validation by quantitative polymerase chain reaction (qPCR) 

[82]. The preeclamptic samples in cluster 2 expressed the highest levels of FLT1 and ENG and could be 

easily distinguished from all the assessed non-preeclamptic samples using only these two genes. Upon 

further assessment of discriminatory potential between the clusters, there were 3 markers that distinguish 

the clusters. LIM and calponin homology domains 1 (LIMCH1), follistatin-like 3 (FSTL3), and 

transporter 1, ATP-binding cassette, subfamily B (TAP1) as the genes with the most discriminatory 

potential [82]. These three genes provided enough information to successfully assign the placental 

samples to their clusters in the majority (approximately 85%) of cases [82]. Overall, the molecular and 

histopathological profiling of placental tissue offers insight into the placental heterogeneity observed in 

PE. The subclassification of PE based on genetic biomarkers allows for the development of etiology-

based treatments aimed at specific subclasses of this disorder. 
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1.9 Rationale, Hypothesis, and Objective 

1.9.1 Rationale 

It is unclear why women with certain pregnancy complications, like PE are at risk for future 

CVD. It is unclear whether PE serves as an independent obstetrical risk factor for CVD, or if pre-existing 

CVR factors which predispose women to PE is the culprit. An improved understanding of any changes in 

CVR profile that are associated with PE in pregnancy will allow for improved detection of women at 

highest risk for CVD postpartum. Identifying the mothers who are at-risk early on will allow clinicians to 

initiate postpartum interventions and limit future disease burden. Using the PW:BW ratio, along with the 

genetic biomarkers and histopathology profiling, may be a useful screening method at the time of delivery 

to stratify patients by their risk of future disease and determine which women should undergo further 

cardiovascular screening postpartum. It is well-established that women who experienced PE are at 

increased risk of hypertension, ischemic heart disease, and premature cardiovascular death compared to 

women is normotensive pregnancies. We believe that the placental morphology may be a marker of future 

maternal CVD risk. The altered PW:BW ratio, length and width measurements, and genetic biomarkers 

and histopathology of placental tissue may be indicative of a woman’s abnormal metabolic milieu that 

predates her pregnancy and continues after delivery.  

1.9.2 Hypothesis 

We hypothesize that the assessment of placental morphology will identify women with PE who 

should undergo CVR screening postpartum. A high and low PW:BW ratio, as well as a placenta with a 

reduced width are hypothesized to be indicative of high-risk women for postpartum CVR screening. 

1.9.3 Research Objective 

The objective of this study is to determine if placental weight, length, and width could identify 

which women with PE should be screened for CVR factors which increase the risk of future CVD. 
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Chapter 2 

 

2.1 Introduction 

A pregnancy complicated by PE is associated with an elevated maternal lifetime risk for CVD 

diabetes, and renal disease [30]. The condition has also been associated with an adverse postpartum blood 

lipid profile, increased albuminuria, decreased insulin sensitivity and hyperglycemia [93-95]. Certain 

pregnancy-related complications, which include PE, can identify women with underlying CVR, which if 

left unrecognized, can lead to the development of CVD later in life [96]. The use of pregnancy-related 

complications alone as a screening tool selects a clinical population of concern, however only half of 

these women will demonstrate high lifetime CVD risk profiles when screened in the postpartum period 

[97]. Additionally, metabolic syndrome is a composite of CVR and an underlying risk factor for CVD, 

which when present, increases the risk of developing CVD or Type II Diabetes Mellitus [46, 98]. 

Increased insulin resistance is one of the components of metabolic syndrome, which is well established to 

be associated with PE [99]. As such, the identification of additional screening tools that could be used to 

better identify the subset of women at highest-risk, specifically during the pre-/peri-natal period, is 

warranted.  

 

The placenta is known to play an important mediating role in fetal programming of lifetime 

chronic diseases [60]. Placental size and morphology measurements, taken at birth, have been shown to 

be associated with several adult chronic diseases in large population-based studies, including 

hypertension, colorectal cancer, and coronary heart disease in offspring [61, 62, 64]. The size of the 

placenta relative to the fetal size may offer insight into the developmental mechanisms that lead to disease 

beyond the predictive value of either birth weight or placental weight alone [64]. The placenta has been 

shown to influence birth weight and is directly correlated with birth weight [100]. Therefore, the PW:BW 
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ratio has been extensively studied to determine its association with long-term adverse neonatal/child 

outcomes [100]. 

 

The physiological mechanisms underpinning the association between the development of PE and 

lifetime CVD risk are not well understood. It is unclear whether pre-existing CVR factors, vascular 

damage resulting from a PE pregnancy itself, or a combination of both predispose women to future CVD. 

However, what is clear is that early identification and intervention could improve health outcomes for 

these women [97]. The pre- and peri-natal window offers a unique opportunity to screen and identify 

those highest risk women, as during this time women have increased interaction with the health care 

system and demonstrate considerable motivation to initiate lifestyle interventions if necessary. As such, 

efforts to identify clinically identifiable markers to determine which women with pregnancy 

complications are at likely to be at high risk of future CVD would lead to effective and cost-efficient 

methods of patient risk stratification for cardiovascular health screening in the postpartum period.  

 

Considering the placenta is the vital organ of pregnancy and known to play an integral role in the 

establishment and progression of PE, it is logical to determine if basic placental measurements, easily 

obtained at the time of delivery, may serve as a useful marker to identify which women have underlying 

risk factors and should undergo CVD risk screening. The objective of this study was to determine if 

placental morphology could predict which women with PE are most likely to have underlying CVR 

factors and are at greatest risk of future CVD, and whether these simple measurements could be used to 

triage high-risk women for postpartum CVR screening.
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2.2 Methods 

2.2.1 Patient selection 

This study was reviewed for ethical compliance by the Queen’s University and Affiliated 

Teaching Hospitals Health Science Research Ethics Board (OBGY-340-18). At the Kingston Health 

Sciences Centre (KHSC), women who experience pregnancy complications, including PE, are referred to 

the Maternal Health Clinic (MHC) for postpartum CVR screening at six months postpartum [97]. Women 

were eligible for inclusion in the current study if they attended the MHC from November 2011 to 

December 2017, were diagnosed with PE during the index pregnancy, and had a least one placental 

morphology measurement available. Women were excluded if they had a twin pregnancy or did not have 

any placental measurements available. Although the collection of placental measurements is considered 

standard of care at the KHSC, some of these values were missing in the delivery record and/or pathology 

reports. 

 

A diagnosis of PE and severity of disease was defined according to the criteria of The American 

College of Obstetricians and Gynecologists [101]. Patients were categorized as having severe PE if they 

had a systolic blood pressure of 160 mmHg or higher, a diastolic blood pressure of 110 mmHg or higher 

and/or HELLP syndrome. Patients met the criteria for HELLP syndrome if they presented with hemolysis 

(serum lactate dehydrogenase 600 U/L), elevated liver enzymes (serum aspartate aminotransferase 70 

U/L), and low platelet count (<100,000/L) [102]. Maternal and fetal/neonate demographics and clinical 

information, including maternal blood pressure and biochemical measurements, were extracted from 

the electronic birth record. 
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2.2.2 Placental morphometric measurements 

At the KHSC, it is standard of care for every patient to have measurements of placental weight, 

length, and width, regardless of pregnancy outcome. All placental measurements were abstracted 

from either pathology reports or electronic birth records. PW:BW ratios were calculated and categorized 

into three groups: (1) PW:BW ratio of less than 15%, (2) 15.0% to 19.9%, and (3) 20% or greater. These 

categories were chose based on a previous study that showed that the highest risk for coronary heart 

disease has a PW:BW ratio that is less than 15% or greater than 22%, represented by a U-shaped variation 

with adverse health outcomes at the upper and lower extremes [64]. The threshold of 20% was used since 

there was a greater correlation between underlying CVR and the lower extreme of the PW:BW ratio and 

20% was the greatest predictive value for lifetime CVR. Additionally, the percentile of PW:BW adjusted 

for fetal sex and gestational age was considered [103, 104]. Deliveries with a PW:BW ratio below the 10th 

percentile were considered to comprise the low PW:BW ratio, and those with PW:BW ratio above the 90th 

percentile were considered to comprise the high PW:BW group as previously described in the literature 

[105]. The remaining deliveries were used as the reference group with a normal PW:BW ratio. 

2.2.3 Lifetime cardiovascular disease risk estimation 

Maternal postpartum clinical and biochemical CVR measurements were extracted from 

the MHC database. Using the following extracted measurements, each woman was assigned a lifetime 

CVD risk score, as previously described [106]: total cholesterol, systolic blood pressure, diastolic blood 

pressure, fasting glucose or diagnosis of Type I or Type II Diabetes, and smoking status. As detailed 

previously, women were considered as “high-risk” if their estimated lifetime CVD risk score was ≥39%, a 

value in excess of baseline risk estimated for a healthy adult female population. High vs. low lifetime 

CVD risk profiles were used as the primary outcome of interest in the current analysis. 
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2.2.4 Data analysis 

Bivariate association to lifetime CVD risk category (high vs. low) were carried out using 

independent samples t-test, with continuous variables of interest including placental length, width, 

weight, and the PW:BW ratio. Mann-Whitney U test was used for the non-normally distributed data and a 

Chi-square test was used for categorical data. A multivariable logistic regression model was built to 

examine the relationship between placenta morphology and lifetime CVD risk estimation at six months 

postpartum, including maternal variables such as maternal age, pre-pregnancy BMI, gestational age at 

delivery, and severity of PE (mild or severe). Data are presented as odds ratios with 95% confidence 

intervals. Summary statistics are presented as mean (Standard Deviation (SD)), counts (percentages), and 

median (Interquartile Range (IQR). A p-value of <0.05 was deemed statistically significant. SPSS 

Version 25 was used for analysis. 

 

2.3 Results 

2.3.1 Patient demographics 

Out of the 12,012 deliveries between May 2011 and June 2017, 1,293 had a relevant complication 

and were invited to attend the MHC. Of these women, 638 attended their appointment. Of those, 216 

women were diagnosed with PE in their most recent pregnancy (Figure 3). After excluding twin 

pregnancies and pregnancies without placental measurements, 186 participants remained. The baseline 

characteristics of the 186 preeclamptic women, with a gestational age range of 23 to 42 weeks, are 

presented in Table 1. 
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Figure 3: Inclusion criteria for study participants. Flow chart diagram of eligible study participants 

which included 186 singleton preeclamptic women with at least one placental measurement available.  

 

 

 

 

 

Number of Deliveries 

May 2011 to June 2017 

n=12,012

Invited to the MHC

n=1,293

Attended MHC Appointment

November 2011 to December 2017

n=638

Preeclampsia in Referral 
Pregnancy

n=216

Included Singleton 
Preeclampsia Pregnancies

n=186

Did Not Attend MHC

n=655 

Excluded 

- Twins, n=17

- No Placenta Data, n=13

Excluded from Analysis 

- No Preeclampsia in 
Referral Pregnancy

n=422

Ineligible or Excluded 

- Absence of relevant 
complications

- No residence in LHIN

n=10,719
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Table 1: Maternal clinical characteristics and their lifetime cardiovascular disease risk profiles 

calculated at 6 months postpartum. Data presented as mean (SD) if normally distributed data, as 

median [IQR] if not normally distributed data, and as number (%) if categorical.  

 

 All Participants By CVD Risk Category 

 N=186 High Risk 

N=85 

Low Risk 

N=76 

P-Value 

Maternal Age (years)     

Mean (SD) 31.4 (5.5) 32.1 (5.5) 30.9 (5.4) 0.19 

BMI (kg/m2)     

Median [IQR] 26.2 [22.4-31.5] 27.7 [23.4-32.0] 24.7 [21.2-28.6] 0.008* 

Unknown 1 0 1  

Race, n (%)     

Caucasian 166 (91.2) 77 (91.7) 66 (89.2) 0.61 

Other 16 (8.8) 7 (8.3) 8 (10.8) 

Unknown 4  1 2  

Education, n (%)     

University or College Complete 152 (92.6) 70 (83.3) 67 (89.3) 0.28 

Some University or College 13 (7.1) 5 (6.0) 5 (6.7) 

High School or Less 19 (10.3) 9(10.7) 3 (4.0) 

Unknown 2 1 1  

Income, n (%)     

≥$90,000 78 (45.3) 34 (44.2) 37 (51.4) 0.46 

$60-89,000 48 (27.9) 20 (26.0) 21 (29.2) 

$30-59,000 30 (17.4) 14 (18.2) 10 (13.9) 

<$30,000 16 (9.3) 9 (11.7) 4 (5.6) 

Unknown 14 8 4  

Smoking, n (%)     

Yes 15 (8.1) 11 (12.9) 0 0.001* 

No 171 (91.9) 74 (87.1) 76 (100.0) 

Lifetime CVD Risk, n (%)     

All Optimal 31 (19.3) 0 31 (40.8) <0.001* 

One or More Not Optimal 45 (28.0) 0 45 (59.2) 

One or More Elevated 47 (29.2) 47 (55.3) 0 

1 Major 24 (14.9) 24 (28.2) 0 

2 or More Major 14 (8.7) 14 (16.5) 0 

Unknown 25 0 0  

Metabolic Syndrome, n (%)     

Yes 32 (19.9) 27 (31.8) 5 (6.6) <0.001* 

No 129 (80.1) 58 (68.2) 71 (93.4) 

Unknown 25 0 0  
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The median maternal pre-pregnancy BMI for the women at high risk for future CVD was higher than the 

women at low risk, with a median BMI of 27.7 kg/m2 and 24.7 kg/m2, respectively. Similarly, women 

who were diagnosed with metabolic syndrome had an elevated BMI in comparison to women who were 

not diagnosed with metabolic syndrome, with a median BMI of 33.9 kg/m2 and 24.6 kg/m2, respectively. 

Additionally, none of the low-risk individuals were smokers, in comparison with 12.9% of high-risk 

individuals.  

2.3.2 Placental morphology measurements and postpartum lifetime cardiovascular disease risk 

estimation 

Across the whole cohort mean placental length and width were 18.8  3.3 cm, 15.7  3.0 cm, 

respectively (Table 2). 
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Table 2: Placental morphometric measurements and fetal birth weight collected at the time of 

delivery. Data presented as mean (SD) if normally distributed data and as number (%) if categorical.   

 N=186 

Placental Weight (g)  

Mean (SD) 503.2 (187.3) 

Unknown 2 

Ratio of Placental Weight to Birth 

Weight (%) 

 

Mean (SD) 18.2 (4.4) 

Unknown 4 

Ratio of Placental Weight to Birth 

Weight (%), n (%) 

 

<15.0 35 (19.2) 

15.0-19.9 103 (56.6) 

≥20.0 44 (24.2) 

Unknown 4 

Placental Length (cm)  

Mean (SD) 18.8 (3.3) 

Unknown 1 

Placental Width (cm)  

Mean (SD) 15.7 (3.0) 

Unknown 1 

Ratio of Placental Length to Width  

Mean (SD) 122.3 (26.6) 

Unknown 1 

Shape, n (%)  

Round 24 (32.4) 

Oval 32 (43.2) 

Irregular 18 (24.4) 

Unknown 112 

Infarct, n (%)  

Yes 36 (49.3) 

No 37 (50.7) 

Unknown 113 
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No differences in these two measurements were observed between high and low lifetime CVD risk 

groups. Additionally, 43.2% of the placentas with recorded shapes were oval, a phenotype of a 

preeclamptic placenta, and 49.3% of the placentas exhibited placental infarcts (Table 2). Across the entire 

cohort, the mean PW:BW ratio was 18.2  4.4% (Table 2) and when compared directly, no differences in 

the morphology variables were observed between lifetime CVD risk groups (Table 3). 
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Table 3: Placental measurements according to lifetime cardiovascular disease risk profiles 

calculated at 6 months postpartum. Data presented as mean (SD) if normally distributed data and as 

number (%) if categorical. 

 By CVD Risk Category 

 High Risk 

N=85 

Low Risk 

N=76 

P-Value 

Placental Weight (grams)    

Mean (SD) 477.1 (182.7) 511.9 (193.7) 0.25 

Unknown 1 1  

Neonatal Weight (grams)    

Mean (SD) 2766.9 (1020.0) 2842.1 (926.6) 0.15 

Unknown 1 1  

Ratio Placental Weight to Birth Weight    

Mean (SD) 18.0 (4.0) 18.3 (5.1) 0.67 

Unknown 2 2  

Ratio Placental Weight to Birth Weight    

 

0.32 

<15.0% 19 (22.9) 12 (16.2) 

15.0-19.9% 48 (57.8) 41 (55.4) 

≥20.0% 16 (19.3) 21 (28.4) 

Unknown 2 2 

Placental Length (cm)    

Mean (SD) 18.7 (3.3) 18.8 (3.4) 0.87 

Unknown 0 0  

Placental Width (cm)    

Mean (SD) 15.4 (2.7) 16.0 (3.4) 0.22 

Unknown 0 0  

Ratio of Placental Length to Width    

Mean (SD) 1.23 (0.17) 1.22 (0.37) 0.94 

Unknown 0 0  

Placental Weight Centile    

Mean (SD) 66.1 (38.1) 67.3 (37.6) 0.85 

Unknown 4 7  

Placental Weight Centile    

≤10th, n (%)  13 (16.0) 10 (14.5) 0.96 

11-89th, n (%) 27 (33.3) 24 (34.8) 

≥90th, n (%) 41 (50.6) 35 (50.7) 

Unknown 4 7  
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However, when a multivariable model was used to adjust for maternal age, pre-pregnancy BMI, gestational age at delivery, and severity of PE 

(mild or severe), having a lower PW:BW ratio was associated with high lifetime CVD risk screening at six months postpartum (Table 4).  

 

Table 4: Logistic regression models for high lifetime cardiovascular disease risk. Adjusted for maternal age, pre-pregnancy BMI, gestational 

age at delivery, severity of PE (mild or severe).  

*p < 0.05 

 
High Lifetime Risk Unadjusted Models Adjusted Models 

N Odds Ratio 95% CI P-Value N Odds Ratio 95% CI P-Value 

Model 1         

Ratio Placental Weight to Birth Weight (%) 157 0.99 0.92-1.06 0.67 154 0.93 0.85-1.02 0.11 

Model 2         

Ratio Placental Weight to Birth Weight <15.0% 32 2.06 0.79-5.38 0.14 32 4.49 1.45-13.87 0.009 

Ratio Placental Weight to Birth Weight 15-19.9% 87 1.39 0.65-2.98 0.40 84 2.80 1.10-7.10 0.03 

Ratio Placental Weight to Birth Weight >20.0% 38 Reference - - 38 Reference - - 

Model 3          

Placental Weight Centile (%) 150 1.00 0.99-1.01 0.85  148 1.00 0.99-1.01 0.81 

Model 4         

Placental Weight Centile ≤10% 23 0.87 0.32-2.33 0.78 23 1.09 0.37-3.16 0.88 

Placental Weight Centile 11-89% 51 Reference - - 50 Reference - - 

Placental Weight Centile ≥90% 76 0.96 0.47-1.96 0.91 75 1.07 0.49-2.36 0.87 
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Women at the lowest range of PW:BW ratios (<15.0%) demonstrated the highest odds for lifetime CVD 

risk (Odds Ratio (OR)=4.49, p<0.009), while women with a PW:BW ratio between 15.0-19.9% also 

demonstrated elevated odds for lifetime CVD risk (OR=2.80, p<0.03). The sensitivity of a PW:BW less 

than 20% to high lifetime risk for CVD is 80.7%, while the specificity is 28.4%.  

 

2.4 Discussion 

Following a preeclamptic pregnancy, a woman is at elevated risk for CVD across their lifetime, 

prompting the establishment of postpartum CVR screening clinics. However, approximately half of the 

women screened at six months postpartum at these clinics demonstrate no evidence of elevated risk (no 

elevations in measured risk factors) [97]. Therefore, ways to better identify and triage who should be sent 

for postpartum CVR screening is warranted. In the current study, we sought to determine if simple 

placental measurements routinely taken at the time of delivery could be useful in identifying those women 

at highest risk, who would benefit most from postpartum screening and intervention. While direct 

comparisons of basic placental morphology measurements alone were not associated with CVR profiles 

postpartum, adjusted multivariable modeling of the data indicate that women with low PW:BW ratios, 

particularly at the extreme (<15%), were more likely to screen as high risk for lifetime cardiovascular 

events when screened in the postpartum period. These simple measurements may confer clinical utility in 

identifying “high-risk” patients at the time of delivery.   

 

It is well-established that women who have had a pregnancy complicated by PE are at increased 

risk of hypertension, ischemic heart disease, and premature cardiovascular death compared to women 

with normotensive pregnancies [31-33]. More specifically, PE is associated with endothelial damage 

which may be the initial event that that triggers the development of atherosclerosis later in life [3]. 

Additionally, in women who develop PE, pre-existing maternal factors such as chronic hypertension, 

diabetes, and hyperlipidemia may predispose the maternal endothelium to further damage [21]. 
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PE has been labeled as MPS [32] that increases the risk of future CVD. The future risk of CVD 

was found to be higher in women with traditional risk factors for CVD, including smoking and the 

individual and combined features of the metabolic syndrome [24]. These findings do not imply a causal 

relation between maternal placenta disorders in pregnancy and future CVD. Rather, it relates to a 

woman’s abnormal metabolic milieu that predates her pregnancy and continues after delivery [36]. This 

chronic state of dysmetabolism [36] might create an inhospitable environment during the development of 

the placental spiral arteries, which can adversely affect fetal health [37], while negatively affecting the 

large arteries of a woman’s heart, brain, and extremities over a broader period of time [32].  

 

Women who have had a pregnancy complicated by PE have a greater prevalence of CVR factors 

compared to a normotensive pregnancy. The metabolic or vascular changes in women with a history of 

PE are reflected in the elevated lipid and insulin levels, altered hemostatic factors, and endothelial 

dysfunction. The multifactorial nature of PE implicates the release of placental and circulating anti-

angiogenic factors that suggest the maladaptive vascularization that occurs in the placenta of preeclamptic 

women. As such, we believe that the measurements of placental morphology may be an additional marker 

of future maternal CVD risk. The altered PW:BW ratio, may be indictive of a woman’s abnormal 

metabolic milieu that predates her pregnancy and continues after delivery. The placenta may be an 

additional marker in identifying the mothers who are at-risk early on that will allow clinicians to initiate 

postpartum interventions and limit future disease burden.  

 

In the present study, we have identified low PW:BW ratios as a simple clinical measure that may 

be useful in identifying women with underlying CVR factors and have high lifetime CVD risk profiles 

following a preeclamptic pregnancy, who would benefit most from postpartum CVR screening and 

intervention. While further study is required to validate the utility and generalizability of the measure, 

early identification of CVR factors would allow for early intervention with personalized therapies and 

preventive programs. The next step would involve conducting a prospective validation study in which we 
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would include women with and without pregnancy complications. Approximately 17% of women in the 

MHC who do not have pregnancy complications would be found to be at high risk of CVD, identifying a 

subgroup of women with normotensive pregnancies who should undergo CVR screening postpartum. In 

those women who are exposed and unexposed to PE, the study would determine if the placental 

morphometric measurements would predict who is at higher risk for CVD at six months postpartum. 
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Chapter 3 

General Discussion 

3.1 Pre-eclampsia and future cardiovascular disease risk 

 A pregnancy complicated by PE is associated with an elevated lifetime risk for CVD. It is well-

established that women who have experienced a preeclamptic pregnancy are at 4-fold increase risk of 

chronic hypertension and 2-fold increase in stroke, venous thromboembolism, ischemic heart disease, and 

cardiovascular death [28]. Therefore, pregnancy complications like the development of PE afford the 

opportunity for postpartum risk screening to facilitate lifestyle modification, and potentially therapeutic 

intervention, to reduce the risk of future disease. However, not all women who develop PE are at 

increased risk of future CVD so better ways to identify who should be screened postpartum are needed. 

Further, a small number of women with uncomplicated pregnancies are also at future CVD risk. Given 

that the development of PE is in large part due to impaired placental function, placental assessment at the 

time of delivery could identify the women who are at a high risk for CVD postpartum, and therefore 

allow for better identification of those who should be screened. 

3.1.1 The predictive value of placenta weight to birth weight ratio and the risk of lifetime 

cardiovascular disease 

Our data demonstrates a relation between a low PW:BW ratio and higher lifetime CVD risk. The 

preeclamptic women were categorized into three groups of PW:BW ratios, with the greatest association 

with increased lifetime risk of CVD at PW:BW ratio of less than 15%. In the multivariable logistic 

regression model adjusted for maternal age, pre-pregnancy BMI, gestational age at delivery, and severity 

of PE, women with a PW:BW ratio of less than 15% were 4.49 times more likely to be found at the time 

of six month postpartum screening to have a high lifetime risk of future CVD. Women with a PW:BW 

ratio of 15.0-19.9% were 2.80 times more likely to have high lifetime risk of CVD. If a PW:BW ratio of 

less than 20% is test positive for future CVD risk and a PW:BW ratio of greater than 20% is test negative, 

the sensitivity is high (80.7% [95% CI: 0.70-0.88]), and the specificity is low (28.4% [95% CI: 0.19-
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0.40]). For a highly sensitive test, a negative result rules out the disease. If the PW:BW ratio cut-off to be 

test positive is less than 15%, the test sensitivity is low (22.9% [95% CI: 0.15-0.34]) and the specificity is 

high (83.8% [95% CI: 0.73-0.91]). A positive test with high specificity rules in the disease. This study 

indicates that a PW:BW of less than 15% is highly specific, reducing the number of false positives and 

correctly identifying who is at highest risk of future CVD if positive. However, an ideal test should be 

highly sensitive and reduce the number of false negatives so that the women with uncomplicated 

pregnancies who are at high risk of CVD are identified. 

 

Approximately 18% of women with uncomplicated pregnancies are found to be at high lifetime 

risk of CVD if screened at six months postpartum. It is unknown if these women are more likely to have a 

low PW:BW ratio. Therefore, a future prospective study of all women with a low PW:BW ratio may be 

useful in identifying all of the women, preeclamptics or normal pregnancy outcomes, that are at higher 

risk of future CVD. More specifically, all women who present with a PW:BW ratio of less than 15% 

should receive postpartum follow-up in order to rule in the disease.  

3.1.2 The predictive value of placental weight to birth weight ratio and the risk of metabolic 

syndrome  

In the logistic regression model for metabolic syndrome as the outcome, the adjusted model to 

assess the association between PW:BW ratio and metabolic syndrome was not predictive. Insulin 

resistance, hyperlipidemia, and an increase in coagulation factors are metabolic changes which present as 

underlying CVR factors and likely play a role in the development of PE. Thirty-two out of the 186 

preeclamptic women met the criteria for metabolic syndrome, 27 of which were significantly associated 

with a high lifetime risk for CVD. However, the current study did not show an association between 

placental morphometric measurements, specifically a low PW:BW ratio, and the diagnosis of metabolic 

syndrome at six months postpartum. This is likely because the metabolic syndrome does not appear to be 

related to placental morphology measurements or placental function. Metabolic syndrome alone may not 

be directly attributed to the alterations in placental development as seen in CVD.   
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3.1.3 The predictive value of placental length and width and the risk of lifetime cardiovascular 

disease risk 

The placental shape is described using its length and width, the longest axis and a perpendicular 

short axis, respectively [60]. It has been found that these two axes are able to relate placental shape to 

fetal growth and disease conditions into adulthood. Although the length and width are generally 

correlated, one dimension but not the other is often associated with a particular disease outcome or 

condition [60]. Our data collected from the electronic birth record and pathology reports show that 43.2% 

of the preeclamptic placentas were oval-shaped and 24.4% were irregular in shape. This indicated that a 

majority of the preeclamptic placentas at the time of delivery were not round, having unequal length and 

width measurements. This is supported by previous evidence that demonstrate that preeclamptic placenta 

is oval in shape with a reduced growth along its width, but not the length [62]. The growth of the 

placental tissue along the length and the width have been shown to be controlled by different influences 

[71]. It was first hypothesized by Kajantie et al. that the tissue along the width of placenta serves as a 

nutrient sensor in response to the mother’s nutritional state and the nutritional demands of the fetus [76]. 

Based on our findings, the placental length, placental width, and the ratio of placental length to placental 

width did not correlate with the high risk vs. low risk women for lifetime CVD or metabolic syndrome.  

 

3.2 Future prospective validation study 

3.2.1 Molecular and histopathology profiling 

A future prospective study will explore the relationship between placental measurements, genetic 

biomarkers, histopathologic placental lesions and the risk of CVD. Molecular and histopathology 

profiling for genes (Table 5) and placental histopathologic lesions (Table 6) with the aim of categorizing 

patients according to the pathology of disease will indicate specific subclasses of PE [82]. This will 

determine if there is an association with long-term CVD risk according to the type of PE a woman has. 

The previous study showed that a low PW:BW ratio was associated with an elevated lifetime risk of 
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CVD, which warrants further investigation to see if the placental genes and/or histopathologic lesions will 

increase the predictive value of a PW:BW ratio of less than 20%. Although a PW:BW ratio of less than 

15% was more predictive of lifetime risk of CVD, a PW:BW ratio of less than 20% indicated a higher test 

sensitivity, likely identifying more women with the risk of CVD and reducing the number of false 

negatives. At the time of delivery, the placental tissue of women with a PW:BW ratio of less than 20% 

will be collected from both healthy pregnancies and pregnancies complicated by PE. The goal would be 

to determine if the combination of molecular and histopathology profiling and PW:BW ratio can better 

identify the women with uncomplicated and complicated pregnancies that are at highest risk for CVD. 

The placenta will be weighed and then sampled by taking four biopsies that are equidistant from the 

umbilical cord insertion, excluding the chorionic plate. Each biopsy will be placed into one of five test 

tubes so that each test tube has a sample of each quadrant. Following the sampling procedure, the tubes 

will be snap-frozen in liquid nitrogen and subsequently stored to extract mRNA for microarray analysis. 

Table 5: Genetic biomarkers with the greatest discriminatory potential by qPCR. 

*FLT1 and ENG are 2 markers that are highest in PE samples and can differentiate between PE and non-

PE samples 

**The expression differences between LIMCH1, FSTL3, and TAP1 genes were sufficient for placental 

cluster assortment by qPCR 

Gene Role of the gene 

FLT1* Highly expressed in PE 

 

ENG* Highly expressed in PE 

 

LIMCH1** Organization of actin skeleton, gene transcription, and RNA 

processing  

 

FSTL3** Inhibitor of activin A, elevated in PE and in response to hypoxia  

 

TAP1** Antigen presentation and HLA expression on cell surface  
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Table 6: Histological differences between 19 Cluster 2 and 5 Cluster 3 PE-IUGR samples. 

 Cluster 2 PE-IUGR Cluster 3 PE-IUGR  

Histological attribute Percentage of Group P-Value 

Peripheral cord insertion 2/19 1/5 0.5212 

Velamentous cord insertion 0/19 0/5  

Extrachorialis 1/19 1/5 0.3804 

2 vessel cord 1/19 1/5 0.3804 

Excess cord coiling for GA 1/19 0/5 1 

True knots 0/19 0/5  

Accessory lobes 0/19 0/5  

Comprehensive retroplacental hematoma 0/19 0/5  

Maternal surface fibrin 0/19 0/5  

Intervillous fibrin 0/19 0/5  

Lesion resemble infarcts 0/19 0/5  

Intervillous thrombi resemble infarcts 0/19 0/5  

Distal villous hypoplasia 16/19 2/5 0.07849 

Placental infarction* 13/19 0/5 0.01087 

Advanced villous maturity 18/19 3/5 0.09881 

Syncytial knots* 17/19 1/5 0.006494 

Focal perivillous fibrin deposition 1/19 2/5 0.09881 

Insufficient vessel remodeling 0/5 0/2  

Fibrinoid change 0/5 0/2  

Chorangiosis 0/19 0/5  

Chorangiomas 0/19 0/5  

Local chorangiomatosis 1/19 0/5 1 

Multifocal chorangiomatosis 0/19 0/5  

Villous immaturity and/or dysmaturity 3/19 3/5 0.07849 

Avascular fibrotic villi 0/19 0/5  

Fetal vascular thrombotic lesions and/or 

hemorrhage endovasculature 

3/19 1/5 1 

Subintimal fibrin cushions 1/18 0/5 1 

Chorionic hemosiderosis 0/19 0/5  

Retroplacental adhesion blood clots 2/19 1/5 0.5212 
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Laminar necrosis of decidua capsularis 0/3 0/2  

Massive perivillous fibrin deposition* 0/19 3/5 0.004941 

Intervillous thrombi 4/19 1/5 1 

Idiopathic villitis 1/19 1/5 0.3804 

Infectious villitis 0/19 0/5  

Chronic deciduitis 2/19 0/5 1 

Chronic plasma cell deciduitis 0/19 1/5 0.2083 

Intervillous histocytosis 1/19 1/5 0.3804 

*Placental infarction, syncytial knots, and massive perivillous fibrin deposition are statistically significant 

(p<0.05) 

3.2.2 Subclasses of pre-eclampsia 

The molecular and detailed histopathology profiling uses a combination of a qPCR panel and an 

analysis for the presence of placental lesions that can then be used to identify three different subclasses of 

PE which exhibit distinct alterations in disease pathways and varying expressions of commonly accepted 

markers of PE [81]. The clustering technique identified 5 clusters, however only 3 of the clusters (clusters 

1, 2, and 3) are related to preeclamptic etiologies: (1) “maternal” PE, (2) “canonical” PE, and (3) 

“immunologic” PE [82]. This classification of PE has improved our understanding of the diversity of 

placental pathology that leads to the development PE.  

 

The first subclass of PE consists of maternal CVR factors, such as increased maternal age, 

elevated BMI, or a history of hypertension, or persistent endothelial damage from a previous pregnancy 

[25, 84] that underlie the development of a later-onset, less severe form of PE, termed “maternal” PE. It 

does not appear that there is placental dysfunction in this group of women, which indicates that the 

mother may simply not be adapting to the pregnancy properly, but it does not indicate underlying vascular 

disease. The second subclass is more severe, early onset [82], and linked to IUGR and HELLP syndrome 

[87]. Histological examination of PE-IUGR samples from this group revealed signs of distal villous 

hypoplasia, placental infarction, and syncytial knots (Table 6) [82]. GSEA of this subclass identified 

placental dysfunction, leading to reduced placental perfusion, hypoxia, and increased production and 
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secretion of placental factors (e.g. soluble FLT1 and ENG) into the maternal blood [82]. This results in the 

development of “canonical” PE, a pathogenesis arising from a placental origin. The third subclass is also 

severe and linked to IUGR [82]. This subclass involves an incompatibility between the mother and the 

fetus [91] which may induce an immune rejection of the placenta, evidenced by elevated levels of 

CXCL10 [92, 107] a marker of rejected organs. This results in extensive fibrin deposition, secondary 

placental insufficiency and dysfunction, and fetal growth restriction. The development of “immunologic” 

PE is likely dependent on the presence of immunologic risk factors, such as an A blood type [92], and the 

possible absence of immunologic protective factors, such as previous exposure to paternal antigens or a B 

blood type [92]. 

3.2.3 Discriminatory potential of genetic biomarkers between placental clusters 

 Leavey et al. identified a small panel of candidate markers that are able to discriminate between 

the observed placental clusters [82]. In the future prospective study, we would implement the Leavey et 

al.’s novel technique of identifying a panel of 11 genes with significant differential expression between 

the 5 clusters for validation by qPCR [82]. In their study, the preeclamptic samples in cluster 2 expressed 

the highest levels of FLT1 and ENG and were found to be easily distinguished from all the assessed non-

preeclamptic samples using only these two genes. The remaining 9 genes were assessed for their 

discriminatory potential between the clusters and resulted in the reduction of the number of markers to 

distinguish the clusters. These 9 genes included SNX10, MAN1C1, TPBG, TAP1, LIMCH1, FSTL3, 

MT1F, MORN3, and PIK3CB. However, only 3 of these genes were used in the qPCR panel of candidate 

markers: LIMCH1, FSTL3, and TAP1 as the genes with the most discriminatory potential between the 

clusters. These three genes provided enough information to successfully assign the samples to their 

clusters in the majority (approximately 85%) of cases [82]. Therefore, we would use a small panel of the 

5 candidate markers, including FLT1, ENG, LIMCH1, FSTL3, and TAP1 in our qPCR analysis to 

distinguish between our preeclamptic and non-preeclamptic placenta samples. The expression levels of 

these 5 genes are sufficient to successfully assign the samples to the cluster based on their pathology of 
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PE, which may identify the women who belong to a cluster that are associated with an increased risk of 

future CVD.  

3.2.4 Subclasses of pre-eclampsia linked to increased risk of cardiovascular disease 

Leavey et al. have demonstrated a technique to analyze placental tissue with the aim of 

identifying biochemical, histologic, and clinical markers for PE that may be useful for categorizing the 

mothers into a subclass of PE. This classification is based on distinct pathophysiology and the influence 

of maternal factors [82], which may aid in identifying the women at highest risk for CVD. Women who 

showed very little placental pathology (“maternal” PE) or chronic inflammatory lesions in the placenta 

(“immunologic PE) demonstrated low CVR profiles at six months postpartum. However, women who 

present with placental pathologies, specifically lesions of maternal vascular perfusion, are unique to the 

“canonical” PE subclass. The “canonical” PE subclass consists of women with the most severe form of 

PE and a co-diagnosis of HELLP syndrome. The woman in this subclass of PE have a high risk for CVD 

as it is likely poor vascular function that has contributed to the establishment of the disease within the 

placentas of these women. Therefore, the classification of women into “canonical” PE may aid in 

identifying the women who should be screened for CVR factors postpartum.  
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Chapter 4 

Conclusion 

The implications of PE extend beyond that of the two-stage model (Figure 4). The 

pathophysiology of PE is multifactorial, yet underlying CVR factors, such as hypertension, elevated BMI, 

and abnormal lipid profiles, contribute to the development of PE. In a preeclamptic pregnancy, impaired 

myometrial spiral artery remodeling indicates maladaptive vascularization, creating an increasingly 

hypoxic utero-placental environment that results in maternal endothelial dysfunction and the presentation 

of the clinical manifestations of PE, predisposing the mother to future CVD. There are 3 placental 

etiologies of PE that have been identified: (1) “maternal” PE, (2) “canonical” PE, and (3) “immunologic” 

PE. The women belonging to the “canonical” PE subclass have the most severe form of PE and a co-

diagnosis of HELLP syndrome, with placental origin of the disease.  

 

Women who experienced a pregnancy complicated by PE are at an elevated risk for lifetime CVD 

which may be related to impairments in vascular and metabolic function that extends into and beyond the 

postpartum period. The placental development during the gestational period sets a trajectory of fetal and 

perhaps maternal health outcomes following the delivery. In a preeclamptic pregnancy, placental 

function/dysfunction appears to reflect the underlying maternal environmental background, such as 

genetics and vascular health, and we speculate that analysis for certain combinations of genes and 

placental histopathologic lesions, in combination with the PW:BW ratio, may help to determine which 

women are at greatest risk of future CVD and should undergo postpartum CVR screening.  
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Figure 4: The pathophysiology of pre-eclampsia and the risk of future cardiovascular disease.     

The implications of pre-eclampsia extend beyond the two-stage model. Placental morphometric 

measurements in combination with the subclassification of PE may identify who is at greatest risk of 

future CVD. 
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Appendix A 

Supplementary Tables 

Table 7: Maternal clinical characteristics and their lifetime cardiovascular disease risk profiles and metabolic syndrome risk profiles 

calculated at 6 months postpartum. Data presented as mean (SD) if normally distributed data, as median [IQR] if not normally distributed data, 

and as number (%) if categorical.  

*p < 0.05 
 All Participants By CVD Risk Category By Metabolic Syndrome Category 

 N=186 High Risk 

N=85 

Low Risk 

N=76 

P-Value Yes 

N=32 

No 

N=129 

P-Value 

Maternal Age (years)        

Mean (SD) 31.4 (5.5) 32.1 (5.5) 30.9 (5.4) 0.19 32.3 (6.5) 31.3 (5.2) 0.40 

BMI (kg/m2)        

Median [IQR] 26.2 [22.4-31.5] 27.7 [23.4-32.0] 24.7 [21.2-28.6] 0.008* 33.9 [28.5-39.3] 24.6 [21.8-28.4] <0.001* 

Unknown 1 0 1     

Race, n (%)        

Caucasian 166 (91.2) 77 (91.7) 66 (89.2) 0.61 30 (93.8) 113 (89.7) 0.76 

Other 16 (8.8) 7 (8.3) 8 (10.8) 2 (6.2) 13 (110.3) 

Unknown 4  1 2  0 3  

Education, n (%)        

University or College Complete 152 (92.6) 70 (83.3) 67 (89.3) 0.28 29 (90.6) 108 (85.0) 0.69 

Some University or College 13 (7.1) 5 (6.0) 5 (6.7) 2 (6.3) 8 (6.3) 

High School or Less 19 (10.3) 9(10.7) 3 (4.0) 1 (3.1) 11 (8.7) 

Unknown 2 1 1  0 2  

Income, n (%)        

≥$90,000 78 (45.3) 34 (44.2) 37 (51.4) 0.46 11 (35.5) 60 (50.8) 0.12 

$60-89,000 48 (27.9) 20 (26.0) 21 (29.2) 8 (25.8) 33 (28.0) 

$30-59,000 30 (17.4) 14 (18.2) 10 (13.9) 7 (22.6) 17 (14.4) 

<$30,000 16 (9.3) 9 (11.7) 4 (5.6) 5 (16.1) 8 (6.8) 
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Unknown 14 8 4  1 11  

Smoking, n (%)        

Yes 15 (8.1) 11 (12.9) 0 0.001* 4 (12.5) 7 (5.4) 0.30 

No 171 (91.9) 74 (87.1) 76 (100.0) 28 (87.5) 122 (94.6) 

Lifetime CVD Risk, n (%)        

All Optimal 31 (19.3) 0 31 (40.8) <0.001* 0 31 (24.0) <0.001* 

One or More Not Optimal 45 (28.0) 0 45 (59.2) 5 (15.6) 40 (31.0) 

One or More Elevated 47 (29.2) 47 (55.3) 0 12 (37.5) 35 (27.1) 

1 Major 24 (14.9) 24 (28.2) 0 8 (25.0) 16 (12.4) 

2 or More Major 14 (8.7) 14 (16.5) 0 7 (21.9) 7 (5.4) 

Unknown 25 0 0  0 0  

Metabolic Syndrome, n (%)        

Yes 32 (19.9) 27 (31.8) 5 (6.6) <0.001* 32 (100.0) 0 <0.001* 

No 129 (80.1) 58 (68.2) 71 (93.4) 0 129 (100.0) 

Unknown 25 0 0  0 0  

 

 

 

 

 

 

 

 



 

 54 

Table 8: Placental measurements according to lifetime cardiovascular disease risk profiles and metabolic syndrome risk profiles 

calculated at 6 months postpartum. Data presented as mean (SD) if normally distributed data and as number (%) if categorical.  

 By CVD Risk Category By Metabolic Syndrome Category 

 High Risk 

N=85 

Low Risk 

N=76 

P-Value Yes 

N=32 

No 

N=129 

P-Value 

Placental Weight (grams)       

Mean (SD) 477.1 (182.7) 511.9 (193.7) 0.25 503.7 (169.9) 491.0 (192.9) 0.74 

Unknown 1 1  1 1  

Neonatal Weight (grams)       

Mean (SD) 2766.9 (1020.0) 2842.1 (926.6) 0.15 2928.8 (933.3) 2770.5 (985.9) 0.28 

Unknown 1 1  0 2  

Ratio Placental Weight to Birth Weight       

Mean (SD) 18.0 (4.0) 18.3 (5.1) 0.67 17.9 (3.9) 18.3 (4.7) 0.67 

Unknown 2 2  1 3  

Placental Length (cm)       

Mean (SD) 18.7 (3.3) 18.8 (3.4) 0.87 18.9 (3.3) 18.7 (3.4) 0.79 

Unknown 0 0  0 0  

Placental Width (cm)       

Mean (SD) 15.4 (2.7) 16.0 (3.4) 0.22 15.8 (2.9) 15.6 (3.1) 0.76 

Unknown 0 0  0 0  

Ratio of Placental Length to Width       

Mean (SD) 1.23 (0.17) 1.22 (0.37) 0.94 1.21 (0.16) 1.23 (0.30) 0.67 

Unknown 0 0  0 0  

 

Placental Weight Centile 

      

Mean (SD) 66.1 (38.1) 67.3 (37.6) 0.85 74.1 (36.9) 64.7 (37.9) 0.22 

Unknown 4 7  1 10  
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Placental Weight Centile 

≤10th, n (%)  13 (16.0) 10 (14.5) 0.96 4 (12.9) 19 (16.0) 0.21 

11-89th, n (%) 27 (33.3) 24 (34.8) 7 (22.6) 44 (37.0) 

≥90th, n (%) 41 (50.6) 35 (50.7) 20 (64.5) 56 (47.1) 

Unknown 4 7  1 10  
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Table 9: Logistic regression models for risk of metabolic syndrome. Adjusted for maternal age, pre-pregnancy BMI, gestational age at 

delivery, severity of PE (mild or severe).  

*p < 0.05 

 

Metabolic Syndrome Risk Unadjusted Models Adjusted Models 

N Odds Ratio 95% CI P-Value N Odds Ratio 95% CI P-Value 

Model 1          

Ratio Placental Weight to Birth Weight (%) 157 0.98 0.90-1.07 0.67 154 0.91 0.80-1.04 0.19 

Model 2         

Ratio Placental Weight to Birth Weight <15.0% 32 0.69 0.20-2.38 0.56 32 1.57 0.33-7.36 0.57 

Ratio Placental Weight to Birth Weight 15-19.9% 87 0.98 0.38-2.50 0.96 84 1.72 0.48-6.17 0.40 

Ratio Placental Weight to Birth Weight >20.0% 38 Reference - - 38 Reference - - 

Model 3          

Placental Weight Centile (%) 150 0.99 0.98-1.00 0.22 148 1.00 0.99-1.02 0.77 

Model 4         

Placental Weight Centile ≤10% 23 0.76 0.20-2.89 0.68 23 0.50 0.10-2.53 0.41 

Placental Weight Centile 11-89% 51 Reference - - 50 Reference - - 

Placental Weight Centile ≥90% 76 0.45 0.17-1.15 0.094 75 0.580 0.25-2.57 0.71 
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