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Hypertensive pregnancy disorders are associated with major maternal and neonatal morbidity and 
mortality worldwide [1, 2]. In the western world it remains the most important cause of maternal 
mortality [3]. 

Hypertensive pregnancy disorders are characterized by new onset of hypertension (≥140 mmHg 
systolic or ≥90 mmHg diastolic, table 1) after 20 weeks gestation. Hypertensive pregnancy dis-
orders include pregnancy induced hypertension i.e. hypertension in the absence of proteinuria, 
and preeclampsia, hypertension in coexistence of new-onset proteinuria [4]. The etiology of hy-
pertensive pregnancy disorders remains partly unraveled. For early hypertensive pregnancy dis-
orders, developed before 34 weeks of pregnancy, impaired placentation is the most important 
component in pathophysiology [5]. This impaired placentation is known to result in different fac-
tors including imbalance in angiogenesis and endothelial dysfunction [6], which in turn further 
decrease placental development and function. Extensive research shows differences in risk fac-
tors for early versus late hypertensive pregnancy disorders, which might indicate different eti-
ologies for both diseases [7,8]. It has been described that late hypertensive pregnancy disorders 
are more influenced by maternal risk factors including chronic hypertension and positive family 
history of hypertension whereas in early hypertensive pregnancy disorders placental risk factors 
are more present. 

Over the last decade, more evidence has become available that women with a history of hyper-
tensive pregnancy disorders have a higher risk of cardiovascular disease later in life [7]. Higher 
cardiovascular risk is described for women with hypertensive pregnancy disorders, including 
pregnancy induced hypertension and preeclampsia [8]. Almost half of the women with a history 
of early onset preeclampsia (i.e. preeclampsia resulting in delivery before 34 weeks gestation) 
and 25% of women with a history of late onset preeclampsia have hypertension later in life. Of 
the women with a history of pregnancy induced hypertension 40% have hypertension later in 
life [6]. It remains open for discussion if increased cardiovascular risk factors is a consequence of 

table 1. Hypertensive Pregnancy Disorders22

Pregnancy Induced Hypertension (PIH) New onset hypertension after 20 weeks’ gestation;

RR1 diastolic ≥ 90 mmHg and/or 

RR systolic ≥ 140 mmHg

Preeclampsia (PE) New onset hypertension after 20 weeks’ gestation;

RR diastolic ≥ 90 mmHg and/or 

RR systolic ≥ 140 mmHg

In combination with proteinuria >0.3gr/24h

Early Preeclampsia Development of Preeclampsia before 34 weeks’ gestation

Late Preeclampsia Development of Preeclampsia after 34 weeks’ gestation

Chronic Hypertension Hypertension before 20 weeks’ of gestation;

RR diastolic ≥ 90 mmHg and/or 

RR systolic ≥ 140 mmHg

1RR; Blood Pressure
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hypertensive pregnancy disorder or if there is a predisposition on cardiovascular disease before 
pregnancy which reveals during pregnancy or it is a combination of both [9,10]. 

Cardiovascular disease is the leading cause of death in women in the western world [11]. World-
wide a third of all death in women is caused by heart disease. Clinical manifestation of cardiovas-
cular disease is different for women as compared with men. Diagnostic tools for cardiovascular 
disease in women are less sensitive and specific [12]. Therefore it is important to identify women 
specific risk factors for cardiovascular disease like hypertensive pregnancy disorders at a relative 
young age. Recent guidelines on diagnosis and management of cardiovascular disease in women 
are adjusted adding hypertensive pregnancy disorders as a risk factor [13]. 

Women who experience pregnancy induced hypertension or preeclampsia are considered to ‘fail’  
a stress test; pregnancy can reveal a vulnerability for several diseases including cardiovascular 
disease [14]. Sattar et al described that women who develop hypertensive disorders in pregnancy 
have a higher pre-pregnancy vascular risk status described by increased endothelial dysfunc-
tion which will first manifest as a clinical syndrome during pregnancy [15]. Subsequently, these 
women develop cardiovascular disease later in life at a younger age than women with uncompli-
cated pregnancies. Therefore a hypertensive pregnancy disorder is useful as a diagnostic test for 
increased risk to develop cardiovascular disease later in life, providing opportunities for strategies 
to prevent or postpone the (early) development of cardiovascular disease. 

One of the steps in linking hypertensive pregnancy disorders to cardiovascular disease is investi-
gation of markers for endothelial dysfunction. Biochemical risk markers for cardiovascular disease 
are known to be elevated in women with a history of preeclampsia [16]. Several markers have 
been investigated to predict cardiovascular disease after hypertensive pregnancy disorders, in-
cluding homocysteine. Homocysteine plasma concentration is considered to be an independent 
risk factor for the development of atherothrombotic and cardiovascular diseases [17]. Women 
who have or have had preeclampsia are known to have higher homocysteine concentrations than 
women who have had an uncomplicated pregnancy. 

Another marker described in hypertensive disorders is abnormal placentation by impaired an-
giogenesis. In addition, the pathophysiological link between hypertensive pregnancy disorders 
and cardiovascular disease later in life could be impaired angiogenesis. Impaired angiogenesis is 
seen in abnormal placentation in case of preeclampsia [19]. Impaired angiogenesis is also seen in 
diseases concerning neoplasm development. Both placentation and the development of a neo-
plasm are characterized by angiogenetic invasion: placental invasion in the uterus in pregnancy 
and tumor stroma invasion in case of neoplasm. Women with impaired angiogenesis might expe-
rience abnormalities in placentation (with subsequently pregnancy disorders like preeclampsia) 
with a possible parallel link to abnormalities in tumor stroma invasion in neoplasm development. 
Therefore, we tested the hypothesis that women with a history of preeclampsia have a higher 
incidence of neoplasm with impaired stromal invasion.

The increased risk for cardiovascular disease in women with a history of hypertensive pregnancy 
disorders is well investigated. In order to prevent or postpone cardiovascular disease in women 
with a history of hypertensive pregnancy disorders, women should first be aware of their in-
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creased risk and possible preventive interventions. This awareness in women can be achieved 
by adequate information provided by gynecologists. To increase awareness on this subject in gy-
necologist and subsequently information provided by gynecologists, guidelines on this subject 
should be complete and consistent.  The increased risk of cardiovascular disease after hyperten-
sive pregnancy disorders is described in national guidelines on hypertensive pregnancy disorders 
although specific guidelines on follow up after hypertensive pregnancy are still brief and mostly 
without evidence [19 - 21]. At the end of 2014, the Dutch Association of Obstetrics and Gynecol-
ogy (NVOG) created a guideline on Cardiovascular Risk after Reproductive Disease including ad-
vice on follow up after hypertensive pregnancy disorders [22]. In this guideline for women with a 
history of hypertensive pregnancy disorders, at age of 50 years a cardiovascular risk assessment is 
advised. Since the guideline is recently published, it is still unclear in what extend implementation 
will be attained. 

In this thesis we will focus on the risk of cardiovascular disease in women after hypertensive preg-
nancy disorders. The focus of the first part of this thesis is etiology. We investigate risk markers af-
ter hypertensive pregnancy disorders as described above. We describe non-traditional cardiovas-
cular risk markers after hypertensive pregnancy disorders as these could give more insight in the 
parallels in pathogenesis of these diseases including homocysteine after hypertensive pregnancy 
disorders. Further, we investigate the role of abnormal placentation by abnormal angiogenesis.  
We tested the hypothesis of the parallel link between hypertensive pregnancy disorders to neo-
plasm formation by abnormal angiogenesis. For these studies we included women with a history 
of hypertensive pregnancy disorders. These women participated in a nationwide multicenter trail 
on induction of labor versus expectant management in women with pregnancy induced hyper-
tension or preeclampsia at term. For the study on neoplasm after hypertensive pregnancy disor-
ders we included women with a history of breast or colon carcinoma from the database of the 
Leiden University Medical Centre. 

The focus of the second part of this thesis is prognosis. We aim to identify predictive informa-
tion for cardiovascular disease in women with a history of hypertensive pregnancy disorders. We 
investigate which clinical and demographic data in women with a history of pregnancy compli-
cated by hypertension are predictive for cardiovascular disease later in life. We investigate in how 
far blood pressure measurement is performed in clinical practice at the traditional postpartum 
visit six weeks after delivery in women who experienced a hypertensive pregnancy disorder and 
what the prognostic value is of this measurement for later cardiovascular disease. Next we assess 
the awareness of gynecologists on their patient’s higher cardiovascular risk and examine the im-
plementation of guidelines on the follow up after hypertensive pregnancy disorders. Further, we 
obtain the recommendations on follow up from the local protocols on hypertensive pregnancy 
disorders and analyze the awareness of gynecologists of the higher risk for cardiovascular disease 
in women with a history of hypertensive pregnancy disorders. Finally we assess if women who are 
informed on a higher risk status of cardiovascular disease after hypertensive pregnancy disorders 
change their lifestyle in favor of prevention (figure 1). 
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Aims

The first aim of the research presented in this thesis is to identify (endothelium) markers after hy-
pertensive pregnancy disorders. Initial we focus on classic and less known cardiovascular markers 
after complicated pregnancies by hypertension in order to find indications of shared pathogen-
esis of hypertensive pregnancy disorders and cardiovascular disease later in life. In order to gain 
more insight in the shared pathophysiology of pregnancy and later development of cancer, fo-
cusing on angiogenesis in both diseases, we analyzed the association of hypertensive pregnancy 
disorders and oncologic tumors specifically on angiogenesis and impaired stroma invasion. 

The second aim is to investigate prediction of cardiovascular disease after hypertensive preg-

figure 1. 
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nancy disorders in order to identify women at a relatively young age who are at increased risk 
for cardiovascular disease later. Once women are identified, knowledge of information is essen-
tial from caregiver to patient therefore we analyzed the awareness of gynecologist and advise in 
guidelines of the association of hypertensive pregnancy disorders and later cardiovascular dis-
ease. Finally we assess the lifestyle changes women performed after they were informed on a 
higher risk of cardiovascular disease.
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