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Assessment of CArdiovAsCulAr diseAse After Hypertensive 
pregnAnCy disorders

Hypertensive pregnancy disorders are common complications during pregnancy. It is well inves-
tigated that women with a history of hypertensive pregnancy disorders have a higher risk of de-
velopment of cardiovascular disease later in life. Therefore a complicated pregnancy by hyperten-
sion is a kind of ‘stress test’ for disease later in life. This hypothesis opens a window of opportunity 
for preventive measurements in women with a history of hypertensive pregnancy disorders in 
order to finally prevent cardiovascular disease. 

In this thesis we focus on the assessment of cardiovascular disease after hypertensive pregnancy 
disorders. 

This thesis is divided in two parts. In part one we focus on markers after hypertensive pregnancy 
disorders including homocysteine. Further we describe the association of hypertensive preg-
nancy disorders and oncologic tumors with focus on impaired stroma invasion. In part two, we 
describe prediction of cardiovascular disease after hypertensive pregnancy disorders, assessment 
of awareness of gynecologist and advise in guidelines on this subject. Finally we assessed the 
lifestyle changes women experienced after they were informed on a higher risk of cardiovascular 
disease. We conclude this thesis with a general discussion.  

Chapter 1 provides an introduction and the outline of this thesis.

part 1

Chapter 2 presents a systematic review and meta-analyses on non-classic cardiovascular bio-
markers after hypertensive pregnancy disorders. These non-classic biomarkers give insight in the 
link between hypertensive pregnancy disorders and later cardiovascular disease. 21 Studies on 16 
non-classical cardiovascular biomarkers were described in this review; 12 studies on 4 biomark-
ers were included in meta-analyses on ICAM, VCAM, homocysteine and fibrinogen. Only meta-
analysis on homocysteine showed a significant higher level of homocysteine in women with a 
history of hypertensive pregnancy disorders compared to women with normotensive pregnancy. 
We concluded that homocysteine might play a role in the shared pathogenesis of hypertensive 
pregnancy disorders and cardiovascular disease later in life. As a consequence homocysteine 
could be a potential biomarker for assessment of cardiovascular disease after hypertensive preg-
nancy disorders, however since there was a significant range of homocysteine levels the clinical 
consequences of these results are limited. Therefore this biomarker was analyzed in more detail 
in the next chapter. 

Chapter 3 describes a study on homocysteinemia after hypertensive pregnancy disorders at term 
pregnancy. Women with a history of hypertensive pregnancy disorders and women with a his-
tory of normotensive pregnancy were included in a follow up study 2.5 years after pregnancy. 
2.5 years after pregnancy women were tested for homocysteine levels. We found higher levels of 
homocysteine levels in women with a history of hypertensive pregnancy disorders compared to 
women with a normotensive pregnancy. The higher homocysteine levels after pregnancy compli-
cated by hypertension contribute to the conclusion of the previous mentioned systematic review 
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on non-classic biomarkers that included a meta-analysis that showed significant higher homo-
cysteine levels after hypertensive pregnancy disorders. Furthermore, it could give more insight in 
etiology of cardiovascular disease after hypertensive pregnancy disorders since homocysteine is 
a sensitive biomarker for endothelial dysfunction and this endothelial dysfunction in mentioned 
to be the link between hypertensive pregnancy disorders and cardiovascular disease later in life. 

In Chapter 4 we describe the hypothesis on shared pathogenesis of impaired placentation in 
preeclampsia and impaired stroma invasion in breast and colon cancer with low tumor stroma 
rate. This hypothesis is based on the fact that both placentation and tumor stroma invasion share 
deviating angiogenesis. Therefore we investigated if women with breast or colon cancer with low 
tumor stroma rate are more likely to have a history of pregnancy complicated by preeclamp-
sia. We found that more women with low tumor stroma rate reported previous preeclampsia, 
although no significance was reached. Thus, a shared pathogenesis in preeclampsia and breast 
or colon cancer with a low tumor stroma rate is a possible mechanism in abnormal angiogenesis.   

part 2

Chapter 5 describes a prognostic model of indicators for prediction of chronic hypertension after 
a pregnancy complicated by hypertensive pregnancy disorders. This prognostic model was creat-
ed to gain insight for women after hypertensive pregnancy disorders which risk factors are known 
to develop chronic hypertension and extrapolated cardiovascular disease later in life. We included 
different indicators known before pregnancy including maternal age, ethnicity, education, par-
ity, family history on hypertension, cardiac event or stroke, hypertensive pregnancy disorders and 
smoking, indicators from early pregnancy including BMI and blood pressure early in pregnancy, in-
dicators during pregnancy including if preeclampsia or pregnancy induced hypertension was de-
veloped, if there was progression to severe disease and highest blood pressure and indicators post 
partum including small for gestational age neonate and blood pressure six weeks post partum for 
a complete prognostic model on chronic hypertension. We found that a prognostic model includ-
ing the indicators; higher maternal age, lower education, negative family history on hypertensive 
pregnancy disorders, higher BMI at booking, higher diastolic blood pressure at pregnancy intake 
and a higher systolic blood pressure during pregnancy has a predictive value for chronic hyperten-
sion after hypertensive pregnancy disorders. Since this information can be assessed by complete 
history at subsequent pregnancy at booking and by simple non-invasive testing, we advise to use 
this information in women with a history of hypertensive pregnancy disorders after validation in 
order to make assessment of the cardiovascular disease risk in individual women possible.  

Chapter 6 states that a high blood pressure six weeks post partum is an important sign for de-
velopment of chronic hypertension after a pregnancy complicated by hypertensive disease. We 
found that 40% of women who experienced hypertensive pregnancy disorder still have hyper-
tension six weeks post partum. In women with hypertension six weeks post partum we found a 
three times higher risk of chronic hypertension compared to women who were normotensive at 
six weeks post partum (OR 3.3, 95% CI 1.8-6.3). Since a blood pressure measurement is a simple 
test and these data indicate its advantage in early identification of women with a higher risk on 
chronic hypertension, we advise to perform a blood pressure measurement in all women with a 
history of hypertensive pregnancy disorders at six weeks post partum. 
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Chapter 7 assessed the information and the follow up advice given by gynecologist on the in-
creased cardiovascular risk in women with a history of preeclampsia. In a web-based question-
naire, gynecologists were asked to answer questions on their informative roll on (prevention of ) 
cardiovascular disease in women with a history of both early and late preeclampsia. In women 
with a history of early preeclampsia, more than half of the gynecologists advised yearly blood 
pressure measurements and the majority of gynecologists advised on healthy life style adjust-
ments. In late preeclampsia blood pressure measurement was advised in about 40% of the wom-
en yearly and about half of the gynecologists advised on healthy life style adjustments. Further, 
we found an increased advice on healthy life style adjustments in both early and late preeclamp-
sia over time; 2011 compare to 2014.  We concluded that the majority of women with a history 
of preeclampsia are informed on the increased risk of cardiovascular disease and the possible 
preventive measurements, but that there is still room for improvement. This improvement could 
possibly be accomplished by development of national and local guidelines with specific recom-
mendations on follow up in women with a history of preeclampsia. 

Chapter 8 evaluates the preventive measurements of cardiovascular disease taken by women 
with a known higher risk on cardiovascular disease after hypertensive pregnancy disorders. For 
this cohort study we questioned women who participated in a study that evaluated the cardio-
vascular risk at 2.5 years after pregnancy complicated by hypertension (HyRAS study). For the 
HyRAS study, a cardiovascular risk assessment was achieved by physical examination and labora-
tory testing at 2.5 years post partum. If one of the tests performed showed that the women were 
at higher risk of cardiovascular disease, the women and their general practitioner were informed 
on this increased risk so that possible intensive monitoring or preventive measurements could 
take place. One year after the HyRAS study, we questioned the women who demonstrated an in-
creased risk, on interventions changing their cardiovascular risk factors including lifestyle altera-
tions and use of medication. In our study we found that a minority of the women with a history 
of hypertensive pregnancy disorders and a proved increased risk on cardiovascular disease later 
in life made alterations to a healthier lifestyle or used medication. These results show a limited 
awareness in women and their general practitioners on cardiovascular disease risk after hyper-
tensive pregnancy disorders, which could diminish the chance of early detection and possible 
prevention of cardiovascular events later in life of these women.  

Chapter 9 analyses the recommendations in local protocols on hypertension in pregnancy in the 
Netherlands. For this comparative analysis, local Dutch protocols are gathered and scored on 83 
indicators based on key recommendations from the national guideline by the Dutch Society of 
Obstetrics and Gynecology (NVOG) to evaluate completeness and similarity of local protocols. 
Results show that the median score of the local protocols was 32.5, which means that 32.5 of the 
83 indicators were admitted in the protocol. Some indicators were addressed poorly especially 
recommendations in the subject of policy during pregnancy. Since total scores of protocols were 
low, we state that our data indicates that local protocols are inadequate. By improvement of local 
protocols, quality of care for women with hypertensive pregnancy disorders could improve.

In the addendum concerning the analysis of local Dutch protocols, we describe the specific rec-
ommendations on follow up of women after a hypertensive pregnancy disorder. In only one of 
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the local protocols it was stated that women should receive information on their higher cardio-
vascular risk after hypertensive pregnancy disorders and advise on preventive measurements for 
cardiovascular disease later in life are stated in none of the local protocols. National guidelines in 
the Netherlands and abroad did adjust over the past years and include recommendations on fol-
low up of these women at higher cardiovascular disease risk. If local protocols will include these 
recommendations as well, this could be favorable in awareness and preventive measurements in 
women at higher risk and therefore decrease cardiovascular events.

Chapter 10 provides a general discussion of the results described in this thesis, and implications 
for future research. Since cardiovascular disease is still a major cause of mortality and morbidity 
in women, and hypertensive pregnancy disorders can be seen as a first sign of a higher cardio-
vascular risk, hypertensive pregnancy disorders followed by preventive measurements for cardio-
vascular disease can improve women’s health. At this point, important insights in prediction of 
cardiovascular disease after hypertensive pregnancy disorders are gained and more awareness 
on the increased cardiovascular risk after hypertensive pregnancy disorders is seen, but further 
research should be performed for the optimal management of women after hypertensive preg-
nancy disorders to decrease cardiovascular events. 


