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Chapter 112

Hypertensive pregnancy disorders largely contribute to maternal and neonatal 
morbidity and mortality worldwide1. In the Netherlands, hypertensive pregnancy 
disorders are the most frequent direct cause of maternal mortality with a 
Maternal Mortality Ratio of 1.4 in the period 2006 – 20102. Although extensive 
efforts have been made to unravel its pathogenesis, the exact underlying etiology 
remains unclear and still there are no preventive or therapeutic interventions 
available beside delivery of the foetus and placenta.
Several epidemiological studies have described the association between 
hypertensive pregnancy disorders and cardiovascular disease in later life3-8. In 
the Netherlands, cardiovascular disease is currently the leading cause of death, 
namely 30% of all women who died in 20119. Thus, the most frequent cause 
of maternal mortality and morbidity during pregnancy may act as “a natural 
stress test” for the most frequent cause of death in women7. Women who develop 
hypertensive disorders during pregancy fail the stress test and may be considered 
at high risk women for developing cardiovascular disease in later life. On the other 
hand, women who have only uncomplicated normotensive pregnancies passed the 
stress test and may be considered at low risk women for developing cardiovascular 
disease in later life. Moreover, beside vaccination programs, pregnancy is the 
first life event to visit a doctor or midwife for a medical examination for most 
women and at that moment the blood pressure is measured for the first time.
The exact mechanism of the underlying pathological link between hypertensive 
pregnancy disorders and cardiovascular disease in later life has not been clarified 
yet. It is unknown whether hypertension during pregnancy and cardiovascular 
disease share common antecedents or that vascular damage from hypertensive 
disorders during pregnancy leads to cardiovascular disease development in later 
life. Another possibility is a combination of the two above described hypotheses: 
Hypertension during pregnancy and cardiovascular disease have a common cause 
but the development of hypertension will deteriorate cardiovascular dysfunction.

It has been hypothesized that early onset preeclampsia with an onset before 
34 weeks of gestation, has a (partly) different pathophysiology compared to late 
onset preeclampsia10;11 and epidemiological studies describe that early onset 
preeclampsia has the strongest association with cardiovascular disease later12. 
However, hypertensive pregnancy disorders after 36 weeks’ of gestation are far 
more common than early onset preeclampsia and affected 19% of all singleton 
pregnancies in the Netherlands in 2012 according to the Dutch LVR insight 
database. Therefore, women with term hypertensive pregnancy disorders may 
represent an ideal target population for a high risk primary prevention strategy. 
However, studies of risk factors discriminating between individuals who will 
develop cardiovascular disease and who will not are lacking. Furthermore, due 
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to the lack of evidence, it is unknown at what time interval after the complicated 
pregnancy (subclinical) cardiovascular disorders may manifest. In current 
practice physicians are only focused on the outcome of mother and child during 
pregnancy and puerperium but not on the future cardiovascular health of the 
mother. This seems a missed oppurtunity.

In this thesis we focus on cardiovascular risk after term hypertensive pregnancy 
disorders. We first review the literature on the link between preeclampsia and 
cardiovascular disease. Hereafter we describe different cardiovascular risk 
factors, including glucose, insulin, HbA1c, lipids and HsCRP and estimated 
cardiovascular event risks after hypertensive pregnancy disorders by the 
Framingham, SCORE and Reynolds risk scores. Finally, we describe the cost-
effectiveness of screening and prevention of cardiovascular disease in women 
with a history of term hypertensive pregnancy disorders. We conclude with a 
general discussion and suggestions for further research.

Figure 1. Endothelial activation during women’s life course.
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Aims and outline of the thesis

Part One:
Chapter 2 To describe different facets of the association between preeclampsia 
and cardiovascular disease.

Part Two:
Chapter 3 To assess traditional biochemical cardiovascular risk factors in 
women with previous hypertensive pregnancy disorders and women with previous 
normotensive pregnancies.
Chapter 4 To assess non-classic biochemical cardiovascular biomarkers in 
women with previous hypertensive pregnancy disorders and women with previous 
normotensive pregnancies.

Part Three:
Chapter 5 and Chapter 6 To assess cardiovascular risk factors in women with 
a history of term hypertensive pregnancy disorders.
Chapter 7 To estimate individual cardiovascular event risks in women with a 
history of term hypertensive pregnancy disorders.
Chapter 8 To compare estimated individual cardiovascular event risks between 
women with a history of very early onset preeclampsia and women with a history 
of term hypertensive pregnancy disorders.
Chapter 9 To evaluate whether cardiovascular risk factors postpartum differ 
between women who had induction of labour and women who had expectant 
monitoring for term hypertensive pregnancy disorders.
Chapter 10 To describe the cost-effectiveness of cardiovascular risk factor 
screening in women with a history of term hypertensive pregnancy disorders.

Part Four:
Chapter 11 General discussion of the thesis.
English summary and Dutch summary.
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Abstract

The association between preeclampsia and cardiovascular disease has been 
an increasing area of interest over the last years. Cardiovascular disease 
is the number one cause of death in women in the western world and more 
women than men die of heart disease each year. The most common pregnancy 
disorder is preeclampsia. Preeclampsia is defined by hypertension and de novo 
proteinuria and remains responsible for high maternal and fetal morbidity and 
mortality worldwide. Pregnancy has been described as a “stress test” for future 
cardiovascular disease, to identify women young enough to benefit from screening. 
Women with a history of early onset (severe) preeclampsia have the highest risk 
of cardiovascular disease later. However, the exact underlying link between the 
two disorders is still unknown.

In this review we describe different facets of the association between preeclampsia 
and cardiovascular disease and we give an overview of the recent literature.
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Introduction

Preeclampsia is a common pregnancy specific disorder, which occurs in 2-8% of 
pregnancies and is characterized by de novo hypertension in combination with 
proteinuria after 20 weeks of gestation1;2. Preeclampsia remains a leading cause of 
maternal and perinatal morbidity and mortality worldwide2. In current practice, 
preeclampsia is a disorder confined to pregnancy and its treatment includes 
delivery of the neonate and the placenta. Up to now there is no systematic care or 
attention for women with pregnancy related hypertension after delivery. However, 
last decade, several epidemiological studies have described the association 
between preeclampsia and cardiovascular disease in later life3-9. This might an 
important finding for women’s future health, as cardiovascular disease is the 
main cause of death in women in the western world10;11. Although cardiovascular 
disease is often considered as a health problem for predominantly men, more 
women than men die of heart disease each year12. Heart disease symptoms in 
women are often different from symptoms in men and diagnostic tools are less 
sensitive and specific.
Despite intensive research, the underlying link between hypertensive pregnancy 
disorders and future risk of cardiovascular disease remains unknown. Both 
preeclampsia and cardiovascular disease share the same risk factors e.g. 
hyperlipidemia, hyperglycemia, genetic predisposition, insulin resistance, 
obesity, and hypertension. Therefore, it is likely that both preeclampsia and 
cardiovascular disease share a common pathogenesis. Furthermore, the existing 
subclinical vascular (endothelium) damage in both diseases leads to vascular 
changes; clinically manifest as metabolic syndrome and arteriosclerosis.
Epidemiological studies have resulted in the novel concept that pregnancy is a 
vascular ‘stress test’ for women, in whom the development of preeclampsia is a 
positive test result and the result has to be interpreted as an individual elevated 
cardiovascular risk later. In contrast, women who pass the stress test, i.e. women 
who have normotensive uncomplicated pregnancies, could be considered as “low 
risk” for developing cardiovascular disease. In daily obstetric practice, however, 
women with previous preeclampsia and health care providers are not aware of 
this association and as a consequence women attend generally not in a follow up 
program after delivery. This might imply “a missed opportunity” for follow up 
and preventive care of these women. With current knowledge, the clinician has a 
screening opportunity to detect women at risk for future cardiovascular disease 
using pregnancy complicated by preeclampsia. In addition, the clinician might 
have a preventive tool by changing lifestyle and medication, if necessary, that 
may help to avoid cardiovascular consequences on the long term. However, until 
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now the above mentioned hypothesis is mainly based on epidemiologic studies; 
data concerning the mechanisms and/or interventions are lacking.

Definitions

Several definitions of preeclampsia and pregnancy induced hypertension are 
used in literature, resulting in a lack of uniformity of criteria used to classify 
hypertensive disorders of pregnancy. Especially older studies (before 2001) 
are less exact about the diagnosis of preeclampsia, leading to misclassification 
(women with pregnancy induced hypertension are often incorrectly classified as 
preeclampsia)13.
Nowadays, it is generally agreed to use the definitions according to the ISSHP 
criteria14. ISSHP defines preeclampsia as the onset of a blood pressure exceeding 
140/90 mmHg with proteinuria greater than 0.3 g/24 h after 20 weeks gestation. 
Severe preeclampsia is defined as a blood pressure exceeding 160/110 mmHg or 
proteinuria greater than 5 g/24 h, or both. Superimposed preeclampsia is defined 
as new onset proteinuria (0.3 g/ 24 h) after 20 weeks of gestation in women with 
chronic hypertension. Another hypertensive disorder in pregnancy is pregnancy 
induced hypertension, defined by diastolic blood pressure equal to or above 
90 mmHg measured at two occasions at least six hours apart in a woman who 
was normotensive at the start of pregnancy until week 20 of gestational age14.

Preeclampsia

Preeclampsia is a pregnancy specific disorder. The onset, clinical presentation 
and course of preeclampsia are variable and unpredictable. It is a multi-systemic 
and complex syndrome, which can affect multiple maternal organ systems 
including heart, lungs, kidneys, liver, brain and placenta.
Despite decades of intensive research, the exact etiology of preeclampsia 
still remains unknown. However, it is generally accepted that the etiology 
of preeclampsia is associated with abnormal placental development in early 
pregnancy; deficient trophoblastic invasion, leading to generalized endothelial 
dysfunction and an exaggerated inflammatory response15-17. From this hypothesis 
it is evident that preeclampsia is not explained by only a distinct cause, but 
consistent with a syndrome. Preeclampsia is likely to originate from complex 
interactions among maternal constitutional factors, including preexisting 
metabolic abnormalities, placenta-derived products, and the exaggerated 
adaptive mechanisms that normally occur during pregnancy18. The syndrome can 
be categorized into one whose genesis is the result of primarily reduced placental 
perfusion, which is termed “placental” in literature, and another in which the 

Hermes.indd   20 1-4-2014   9:18:49



2

21Preeclampsia and cardiovascular risk

clinical syndrome is primarily due to preexisting maternal disorder, which is 
termed “maternal”19.
Preeclampsia has been described as a two stage disorder20-22 and in 2009 this 
model has been modified17. The pathophysiological process in preeclampsia can 
be described in two stages, preclinical and clinical. The first trimester is the 
important contributor to stage 1; poor development of the early placenta. This 
subsequently results in reduced placental perfusion, due to failed remodeling 
of the maternal vessels supplying the intervillous space. Only stage 1 is not 
sufficient to cause preeclampsia, but requires co-interaction with many factors, i.e. 
genetic, behavioral, or environmental23. Stage 2, in the second half of pregnancy, 
is associated with placental oxidative stress, exaggerated endothelial activation 
and inflammation. Oxidative stress, due to placental hypoxia, results in the 
release of components from the intervillous space into the systemic maternal 
circulation, including sFlt-1, VEGF, endoglin, inhibin-A, and other mediators16;22. 
The maternal systemic inflammatory stress results in endothelial dysfunction 
and increased vascular reactivity, preceding the onset of “the clinical syndrome” 
preeclampsia.
Different presentations of the syndrome, combining maternal and placental 
contributions are common. This supports the current concept of the heterogeneous 
causes of the syndrome preeclampsia19, probably different linkage mechanisms 
between stage 1 and 222. The modified two stage model17 describes the new 
concept, that interactions between genetic, behavioral and environmental factors, 
not only contribute to stage 2, but also have influence on stage 1. This implies 
that preeclampsia is not only an endothelial disease, but systemic inflammatory 
response plays an important role16.

Preeclampsia and Cardiovascular Risk: Epidemiology

Evidence from large epidemiological studies has consistently shown that a history of 
preeclampsia exerts an independent risk for future cardiovascular disease. These 
study results are summarized in comprehensive systematic reviews by McDonald 
et al24 and Bellamy et al.13 Bellamy et al. included 25 prospective and retrospective 
cohort studies (nested case-controls studies and case cohort studies were also 
included). Studies were included assessing women of any parity or age or any 
severity of preeclampsia and different lengths of time in follow up. The relative risk 
(95% confidence interval) of ischemic heart disease was increased in women with 
previous preeclampsia 2.16 (1.86 to 2.52) after 11.7 years (n=2346997). A relative 
risk of fatal ischemic heart disease in women with previous preeclampsia was 
found of 2.60 (1.94 to 3.49). Furthermore, all-cause mortality was increased with 
a relative risk of 1.49 (1.05 to 2.14) after 14.5 years (n=794462). Relative risks for 
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stroke were 1.81 (1.45 to 2.27) after 10.4 years (n=1671578) and for hypertension 
3.70 (2.70 to 5.05) after 14.1 years after pregnancy complicated by preeclampsia 
(n=21030). Women with preeclampsia in one of their pregnancies (5.96 (3.42 to 
10.38)) had a higher risk of future hypertension compared to preeclampsia in 
primiparous women (3.23 (2.32 to 4.52))13. Bellamy et al. stated that the major 
contribution to all- cause mortality seemed to be cardiovascular disease, as there 
was no difference in the relative risk of death from breast cancer (1.04 (0.78 to 
1.39)) or any other cancers (0.96 (0.73 to 1.27)).
In addition, two other large cohort studies were recently published, concerning 
preeclampsia and subsequent cardiovascular morbidity or mortality25;26. 
The study results were in line with the results published by Bellamy et al.. 
Mongraw- Chaffin et al.26 found in a large prospective cohort study (N= 14403) 
with a median follow up time of 37 years, that a history of preeclampsia was 
independently associated with cardiovascular death, with an adjusted hazard 
ratio (95% confidence interval) of 2.14 (1.29- 3.57). Women with a history of 
preeclampsia before 34 weeks of gestation had a hazard ratio (95% confidence 
interval) of 9.54 (4.50 to 20.26). Lykke et al.25 investigated in a registry based 
retrospective cohort study in Denmark, the risk of developing cardiovascular 
disease after preeclampsia in 782287 primiparous women (median follow up 
14.6 years) and 536419 multiparous women (median follow up 12.9 years). 
They made a distinction between mild and severe preeclampsia and recurrent 
preeclampsia or preeclampsia in a single pregnancy. A 3.6- fold (range 3.43 to 
3.80) higher risk was described for hypertension in women with a history of mild 
preeclampsia and a 6.0- fold higher risk (range 5.45 to 6.77) in women with severe 
preeclampsia. Furthermore, women with preeclampsia in only the first pregnancy 
had a 2.70- fold (range 2.51 to 2.90) higher risk, women with preeclampsia in only 
the second pregnancy a 4.34- fold (range 3.98 to 4.74) higher risk and women 
with preeclampsia in two pregnancies had a 6- fold higher risk (range 5.40 to 
6.67) of hypertension compared with women with two normotensive pregnancies 
in history. Relative risks of recurrent preeclampsia and cardiovascular 
morbidity and mortality described by three different studies are summarized in 
table 1.25;27;28 Overall, women who had early onset preeclampsia and women who 
had preeclampsia in two pregnancies are at greatest risk for hypertension later.
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Table 1. Recurrent preeclampsia and cardiovascular morbidity and mortality
Author, year, 
country, study 
design

Number 
included

Follow 
up in 
years

Outcome RR, (95%) CI

Funai 2005, Israel, 
retrospective cohort

PE*, N= 1070
NT*, N= 35991

24 to 36 Cardiovascular 
mortality

2.18 (1.81 to 2.62) †
3.49 (2.22 to 5.49) ‡
6.18 (2.95 to 13.0) §

Lykke, 2009, 
Denmark, 
retrospective cohort

PE*, N= 28838
NT*, N= 507581

12.9 Cardiovascular disease 1.30 (1.13 to 1.49) ††
2.01 (1.70 to 2.38) ‡‡
2.79 (2.27 to 3.43) §§

Wikström, 
2005, Sweden, 
retrospective cohort

PE**, N= 207054
NT*, N= 194572

15 Cardiovascular disease 
or Cardiovascular 
mortality

1.9 (1.5 to 2.4) ††
2.4 (1.8 to 3.2) ‡‡
2.8 (2.0 to 3.9) §§

* PE= preeclampsia, NT = normotensive pregnancy
† Preeclampsia in the first pregnancy compared with pregnancy without preeclampsia
‡ Preeclampsia in the first and second pregnancy compared with pregnancy without 

preeclampsia
§ Preeclampsia in the first, second and third pregnancy compared with pregnancy without 

preeclampsia
†† Preeclampsia in the first pregnancy and a normotensive second pregnancy compared to women 

with two normotensive pregnancies
‡‡ Normotensive in the first pregnancy and preeclampsia in the second pregnancy compared to 

women with two normotensive pregnancies
§§ Preeclampsia in first and second pregnancy compared to women with two normotensive 

pregnancies
** Both preeclampsia and gestational hypertension were included

The studies mentioned above have demonstrated an association between 
preeclampsia and adverse long term cardiovascular outcomes. Other studies 
have examined cohorts of women with cardiovascular events and compared 
their pregnancy histories with those of age-matched control women without 
cardiovascular events. Mann et al. and Croft et al. have demonstrated relative 
risks (95% confidence interval) of 3.029 and 2.8 (1.7 to 4.8)30 respectively for a 
history of preeclampsia after myocardial infarction and two other case control 
studies described odds ratios of 1.94 (1.26 to 2.97)31 and 1.63 (1.02 to 2.62)32 for a 
history of preeclampsia after a cerebrovascular accident.
The pathogenesis of the association between preeclampsia and cardiovascular 
disease in later life is not fully explained. It is well established, that endothelial 
dysfunction plays a central role in both preeclampsia and cardiovascular disease15. 
Several hypotheses about the association have been described; (1) elevated 
risk of cardiovascular morbidity and mortality after preeclampsia suggests a 
common (preexisting) cause of these two disorders, or (2) preeclampsia activates 
the maternal vascular system, leading to cardiovascular disease in the future. 
A third hypothesis is a combination of both theories; both theories are responsible 
for later cardiovascular morbidity and mortality33.
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The first hypothesis, preeclampsia and cardiovascular disease have a common 
cause, is supported by a population based prospective cohort study from 1995 
to 2005 by Magnussen et al., which was published in 2007. Magnussen et al.34 
studied cardiovascular risk factors in women before pregnancy and those who 
subsequently developed preeclampsia. It was a linkage study between a Norwegian 
population based study (HUNT 2) and the Norway’s medical birth registry. 3494 
Women were included before pregnancy with an on average time interval of 
four years from cardiovascular risk measurement until delivery. In this study, 
a strong linear positive association was found between pre-pregnancy systolic 
and diastolic blood pressure and preeclampsia; the adjusted odds ratio and 95% 
confidence interval with a pre-pregnancy systolic blood pressure > 130 mmHg was 
7.3 (3.1 to 17.2) compared to women with a pre-pregnancy systolic blood pressure 
less than 111 mmHg. The adjusted odds ratio for women with a pre-pregnancy 
diastolic blood pressure greater than 78 mmHg was 6.3 (2.9 to 14.6) compared to 
women with a pre-pregnancy diastolic blood pressure less than 64 mmHg. Other 
positive associations were found between pre-pregnancy body mass index, waist 
circumference and development of preeclampsia34. In pre-pregnancy biochemical 
risk factor measurement positive associations were found with serum levels of 
triglycerides, total cholesterol, LDL and the risk of preeclampsia. The risk of 
preeclampsia increased with increasing levels of biochemical risk factors. A less 
robust association was found with HDL cholesterol and glucose, however, there was 
an association with preeclampsia and unfavorable levels of these two biochemical 
risk factors. These data suggest that unfavorable cardiovascular and metabolic 
factors, present before pregnancy, might predispose for both preeclampsia and 
cardiovascular disease (hypothesis 1). However, the possibility that preeclampsia 
itself contributes to cardiovascular disease is not ruled out (hypothesis 2). Thus, 
long term (difficult) cohort studies combining pre-pregnancy, pregnancy and 
postpartum data would help to determine whether preeclampsia has a common 
cause as cardiovascular disease (hypothesis 1), unmasking cardiovascular 
disease or accelerate cardiovascular dysfunction (hypothesis 2), or a combination 
of the above mentioned hypotheses (hypothesis 3).

Early Onset (Severe) and Late Onset (Mild) Preeclampsia

Distinction has been made in several studies between early (severe) – and late – 
onset (mild) preeclampsia35-38. Early onset preeclampsia is often associated with 
maternal and neonatal morbidity and mortality, as the risk of progression to severe 
maternal disease is inversely related with gestational age at onset. Furthermore, 
early onset preeclampsia is typically associated with impaired placental function, 
reduction in placental volume, small for gestational age, abnormal uterine and 
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umbilical artery Doppler evaluation. On the other hand, late onset preeclampsia 
is more or less a maternal disorder, a maternal constitutional disorder. Mostly, a 
normal placenta, normal placental volume, normal birth weight, normal Doppler 
artery evaluation and more favorable maternal and neonatal outcomes are seen 
in late onset preeclampsia35.
Early- onset preeclampsia is associated with a greater risk of cardiovascular 
disease compared to late- onset preeclampsia. Smith et al. and Irgens at al. 
found an nearly 8-fold increased risk of ischemic heart disease in women with 
preeclampsia before 37 weeks compared to women with normotensive term 
pregnancy (ies) in history (7.71, 95% confidence interval 4.40 to 13.52)4;8;13. 
Furthermore, Smith et al. found additive associations between birth weight for 
gestational age, preterm birth and preeclampsia in the first pregnancy and the 
mothers risk of fatal and non-fatal ischemic heart disease; for the combination 
of lowest birth weight quintile and preterm birth the adjusted hazard ratio and 
95% confidence interval for death due to ischemic heart disease was 8.7 (2.0 to 
22.9), for preterm birth and preeclampsia 6.4 (1.9 to 21.3), for lowest birth weight 
quintile and preeclampsia 3.9 (1.3 to 11.6) and for lowest birth weight quintile, 
preeclampsia and preterm birth 16.1 (3.6 to 72.6).
Another elevated risk, however less strong, is found in the severity of preeclampsia, 
as women with severe pre-eclampsia, defined as blood pressure >160/110 mm Hg 
plus proteinuria >0.3 g/24 or diastolic blood pressure >110 mm Hg plus proteinuria 
>5 g/24) have a greater risk of later ischemic heart disease (2.86, 95% confidence 
interval 2.25 to 3.65) compared to women with mild pre-eclampsia (1.92, 95% 
confidence interval 1.65 to 2.24)9;13;39. These findings are confirmed by recent 
studies25;26. Mongraw- Chaffin et al. described that a history of preeclampsia 
before 34 weeks of gestation had a hazard ratio of 9.54 (95% confidence interval 
4.50 to 20.26) for cardiovascular mortality. Furthermore, at 30 years of follow 
up and a median age of 56 years, a cumulative cardiovascular disease death 
survival for women with early preeclampsia was 85.9% compared with 98.3% 
for women with late preeclampsia and 99.3% for women with a history without 
preeclampsia26.
In summary, both early (severe) preeclampsia and recurrent preeclampsia 
are associated with a greater risk of cardiovascular disease compared to late 
(mild) and single episode preeclampsia, the severity of preeclampsia seems to 
show a “dose response” effect with cardiovascular disease. This leads to the 
hypothesis that women with more severe disease have an underlying pathological 
phenotype that puts them at risk for hypertension, cardiovascular disease and 
preeclampsia7;34;40.
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Cardiovascular Risk Factors after Preeclampsia

Cardiovascular disease and preeclampsia share common risk factors, including 
non- modifiable risk factors (age, family history, and ethnicity), and modifiable 
risk factors ((pre-existing) hypertension, diabetes mellitus, renal disease, obesity, 
dyslipidemia, metabolic syndrome, microalbuminuria, thrombophilia, and 
hyperhomocystinaemia)41. The unsolved exception is smoking34. For developing 
preeclampsia, smoking is a ‘protecting’ factor, while in cardiovascular disease; 
smoking is a consistent risk factor (table 2). According to a recent systematic 
review by Huxley et al., women who smoke have a 25% greater relative risk 
of coronary heart disease than male smokers compared with non- smokers, 
independent of other cardiovascular risk factors42. Other cardiovascular risk 
factors and their relative risks for cardiovascular disease risk are described in 
table 2. The risk score and contribution of preeclampsia per se for cardiovascular 
disease is still unknown.

Table 2. Risk factors in women and relative risks for cardiovascular disease 
Risk factor Relative risks *
Hypertension 2.0 to 3.0†
Smoking 2.2†
Diabetes Mellitus 3.7†
Obesity 2.1†
Metabolic syndrome 2.3 (95% CI 1.3 to 3.9)43

Cardiovascular disease includes coronary events or stroke, or both.
* Modified from Padwal et al.44; relative risks for women are reported in this table.
Padwal at al., originally reported ranges of relative risks between men and women without 
confidence intervals, extracted from highest quality studies.
† 95% confidence interval not reported

As preeclampsia and cardiovascular disease share common cardiovascular 
risk factors, several studies described different biochemical risk factors after a 
pregnancy complicated by preeclampsia or gestational hypertension to identify 
the high risk patient. Most common risk factors described are; glucose, insulin, 
lipid concentrations, CRP, insulin resistance, and prevalence of metabolic 
syndrome40;45-60;60;61. Most studies have either limited sample sizes, have 
measured single cardiovascular risk biomarkers, or have measured these risk 
factors shortly after pregnancy, with few exceptions. These heterogeneous studies 
could be the reason why these studies are contra dictionary. In some studies 
significantly higher levels were found for glucose46;48;51;54;60, insulin48;51;55;57;59;60;62, 
lipid levels45;48;49;53;59 and CRP50;63 after a hypertensive pregnancy compared to 
women with a normotensive pregnancy in history. However, these results were not 
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confirmed by others (glucose40;47;50;55;57;59;62;64, insulin50;58, lipid levels46;47;50-52;54;55;57;58 
and CRP62). Recently, Fraser et al. published an article in which a follow up 
after pregnancy was performed in a large prospective cohort of 4,376 women 
with a mean follow up time of 18 years (range:16-20 years). In this cohort, both 
gestational hypertension and preeclampsia were associated with a greater 
number of cardiovascular risk factors: body mass index, waist circumference, 
systolic and diastolic blood pressure, insulin, pro-insulin, triglycerides, and 
HDL cholesterol. Furthermore, overall future risk of cardiovascular disease was 
described based on the 10 year Framingham score. In this cohort the overall 
future risk of cardiovascular disease was low (as would be expected given that the 
mean age of participants is 48 years), with a median predicted risk of 3.0% (inter-
quartile range 2.2-4.2%). However, the calculated risk of a cardiovascular event 
over 10 years was elevated in women with hypertensive disorders in pregnancy 
compared to those without; mean score (SE) of 5.09 (0.41), odds ratio (adjusted for 
age) 1.42 (95% confidence interval 1.19 to 1.69)61.
Until now, a systematic review or meta-analysis with pooled data of these 
biochemical risk factors for cardiovascular disease after pregnancies complicated 
by hypertensive disorders is lacking. Such a meta- analysis would be necessary to 
gain insight into which cardiovascular risk factor is elevated after a hypertensive 
pregnancy compared to normotensive pregnancy and which risk factor can 
be useful for screening to identify “the high risk patient for later manifested 
cardiovascular disease”. Most studies have focused on early onset (severe) 
preeclampsia, which is a relative rare disorder, with a prevalence of 0.5%.65 It is 
essential that further research is not only focused on early severe preeclampsia, 
but also pays attention to the association between late (mild) onset preeclampsia 
and elevated cardiovascular risk factors, persistent hypertension after pregnancy 
and metabolic syndrome, as late (mild) onset preeclampsia is a more common 
disorder.
Early onset preeclampsia and late onset preeclampsia may have two distinct 
pathogeneses. Abnormal placental development is believed to be more strongly 
associated with early-onset preeclampsia. Late- onset preeclampsia is believed 
to occur secondary to maternal vascular diseases including hypertension, 
metabolic syndrome and maternal genetic disposition. For the association with 
cardiovascular disease, these two disorders may also have a distinct pathogenesis.

Metabolic Syndrome and Preeclampsia

Normal pregnancy is described as a state of temporarily metabolic syndrome with 
relative insulin resistance and up-regulation of inflammatory markers (IL-6 
and coagulation factors)66;67. It is thought that in women with more abnormal 
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pre-pregnancy carbohydrate, lipid or vascular function, the metabolic stress of 
pregnancy may push them past a clinical threshold for manifestation of vascular 
or metabolic disease, i.e. preeclampsia or gestational diabetes7.
Metabolic syndrome is a spectrum of metabolic abnormalities associated with 
insulin resistance. Criteria for metabolic syndrome include waist circumference 
≥ 80 cm. plus any two of raised triglycerides (> 150 mg/dL), reduced HDL cholesterol 
(< 50 mg/dL), raised blood pressure (systolic ≥ 130 mmHg and diastolic ≥ 85 
mmHg), treatment of previously diagnosed hypertension, raised fasting plasma 
glucose (≥ 100 mg/dL) or previously diagnosed type 2 diabetes68. According to the 
Framingham Heart Study, women with metabolic syndrome have a relative risk 
of developing any cardiovascular disease of 2.25 (95% CI 1.3 to 3.9)43.
Insulin resistance manifests as hyperglycemia, hyperlipidemia, and disturbance 
of coagulation69. Insulin resistance leads to vascular endothelial dysfunction, an 
abnormal lipid profile, hypertension, and vascular inflammation, all of which 
promote the development of cardiovascular disease70. Normal pregnancy is 
associated with increased insulin levels; however, fasting insulin is higher in 
preeclampsia, even prior to the onset of clinical disease40;71.
The metabolic syndrome is more common in women with a history of 
preeclampsia45;48;57. It is likely that the cause of preeclampsia is multifactorial 
and many factors are involved. However, the metabolic syndrome has been 
suggested to play an important role in the pathophysiology of preeclampsia and 
pregnancy induced hypertension and may be the underlying mechanism linking 
hypertensive disease in pregnancy and cardiovascular disease in later life63.
Several studies described the association between new onset hypertension in 
pregnancy, metabolic syndrome, insulin resistance and cardiovascular risk in 
later life40;48;58;59. In a large Canadian population-based retrospective cohort study 
by Ray et al.39, an elevated cardiovascular risk was described in women with 
a history of preeclampsia, or gestational hypertension, placental abruption, or 
placental infarction, in combination with features of the metabolic syndrome. For 
example, women with a history of preeclampsia and who had one or two features 
of the metabolic syndrome, the adjusted hazard ratio for future cardiovascular 
disease was 4.5 (95% CI 3.7 to 5.4), and for women who had three to four features 
the adjusted hazard ratio was 11.7 (95% CI 4.9 to 28.3), compared with women 
who had neither39.
Overweight and obesity are important factors in metabolic syndrome and a risk 
factor for both preeclampsia and cardiovascular disease. Nowadays obesity is a 
growing problem, especially in developed countries, of which we can expect that 
the prevalence of preeclampsia, metabolic syndrome and cardiovascular disease 
will increase in the next years.
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Follow up after Preeclampsia and Further Research

Until now, from epidemiologic data, it is justified to accomplish a randomized 
controlled trail to compare lifestyle modification for women with a history of 
preeclampsia, including smoking cessation, weight reduction in case of overweight 
or obesity, and an overall healthy lifestyle advice (healthy diet, physical activity) 
versus care as usual. This randomized controlled trial will gain insight in the 
question if screening and treating women after a pregnancy complicated by 
preeclampsia is effective in reduction of individual cardiovascular risk, and if 
blood pressure, lipid levels, smoking and bodyweight will be positively influenced.
Until now, it is unclear how the increased long-term cardiovascular risk should 
exactly be handled in women with a history of pre-eclampsia, as evidence 
concerning screening, treatment and cost-benefit is lacking.
Still, there is no systematic care for women with preeclampsia after delivery, as 
current obstetric practice is only focused on the outcome of pregnancy and not 
on the future health of the mother. However, recently, progression on this topic 
has been made. Since the rising evidence of the association of preeclampsia and 
cardiovascular disease, and that authors of recent studies have recommended 
that women with a history of preeclampsia should be counseled regarding their 
increased risk for cardiovascular disease and be followed closely for modifiable 
cardiovascular risk factors60, guidelines are changed. The 2011 guidelines from 
the American Heart Association include a recommendation to obtain a pregnancy 
history and also consider preeclampsia as a risk factor for later life maternal 
cardiovascular disease72. However, evidence for reduction of the individual’s risk 
after pregnancy is lacking.
Another point, the awareness of women and (general) physicians of the elevated 
cardiovascular risk after preeclampsia, still remains challenging73. Young et al.74 

performed a web-based survey in Boston USA in May 2009 assessing the physician’s 
knowledge of the association between preeclampsia and future cardiovascular 
disease risk. 56% of the internists (N = 118) and 22% of the gynecologists (N = 
53) were not aware that preeclampsia is associated with cardiovascular disease. 
Only 9% of internists and 38% of obstetricians were providing cardiovascular 
risk reduction counseling to women with a history of preeclampsia74. Recently we 
studied the awareness of gynecologists in the Netherlands for the prevention of 
cardiovascular disease after early onset preeclampsia (< 34 weeks of gestation). 
We found that 44% of the gynecologists advise women to have frequent 
observations of their blood pressure after pregnancy complicated by preeclampsia. 
Furthermore only 28% of the gynecologists stated that they advise to increase the 
physical activity after pregnancy complicated by early preeclampsia and 64% of 
the gynecologists advise weight reduction postpartum. These preliminary data 
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reveal that the awareness of gynecologists for the prevention of cardiovascular 
disease after preeclampsia is limited. As a consequence an opportunity may be 
missed for secondary preventive activities for cardiovascular disease in these 
relatively young women, and prevention may be the key factor for solving this 
great health problem in women. Therefore, it is a first important step to study 
the effect of lifestyle changes and medication for women with hypertension and/or 
metabolic syndrome after pregnancy complicated by preeclampsia or pregnancy 
induced hypertension. After identifying rational tools for these women to reduce 
their cardiovascular risk, implementation should follow in the national guidelines. 
The American Heart Association guidelines have included preeclampsia as a risk 
factor for cardiovascular disease and recommend referral after preeclampsia 
by the obstetrician to a primary care physician or cardiologist for risk factor 
screening. However, further recommendations are lacking in these guidelines, 
concerning how women with a history of preeclampsia and normal values of 
cardiovascular risk factors should be managed.
In daily practice, risk stratification is performed by internists, cardiologists and 
GP’s. They use validated cardiovascular risk scores to raise population awareness 
of individual cardiovascular risk. These cardiovascular risk prediction models 
are used as a tool for assessing individual risks, which are subsequently used 
to motivate adherence to recommended lifestyle changes or therapy. Common 
factors used in these models are; sex, age, blood pressure, cholesterol levels and 
smoking. The Framingham risk score75, the European Systematic COronary 
Risk Evaluation (SCORE) algorithm76, QRISK77, the Prospective Cardiovascular 
Munster (PROCAM) model78, Reynold’s Risk Score79 and many others are in 
use. In none of these risk prediction models, pregnancy history is added as a 
component, while, for example, early severe preeclampsia seems to be a stronger 
risk factor than smoking and blood pressure44. A question rises; is preeclampsia 
only the stress test to identify young women at risk, or is preeclampsia an 
independent risk factor, which has to be included in women’s cardiovascular risk 
prediction models, to make these tools more sensitive and specific for women? The 
answer is currently under investigation.
Another problem of cardiovascular risk calculators is that they are focused on 
short-term risk in the next 10 years. Because of the young age of women after 
pregnancy, these risks are likely to be low. As a consequence, women may be 
falsely reassured and not pursue any lifestyle changes if necessary. Pencina et 
al.75 published a method for estimating long-term 30-year risks for cardiovascular 
disease that also accounts for competing risks. This long term risk equation may 
be a powerful tool as an alternative for the current 10-year risk assessment scores.
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We have to achieve information by further research to adjust and create adequate 
guidelines for screening and prevention of cardiovascular disease in women. This 
should be a healthcare priority.

Conclusion

Preeclampsia is a common pregnancy disorder and clearly associated with an 
elevated cardiovascular morbidity and mortality risk. Therefore, pregnancy 
can be used as a stress test for future cardiovascular disease in relative young 
women, who can benefit from screening. Women with a history of early (severe) 
preeclampsia or recurrent preeclampsia have the highest cardiovascular risks. 
Until now, the exact underlying link between preeclampsia and cardiovascular 
disease remains unclear. Large prospective cohort studies, assessing women 
before, during and after pregnancy, are necessary to out the cause between 
the two related disorders. Furthermore, evidence for postpartum risk factor 
screening, prevention and treatment is still lacking.
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Abstract

The objective of this study was to perform a systematic review and meta-analysis of 
studies assessing biochemical cardiovascular risk factors in women with previous 
hypertensive pregnancy disorders and women with previous normotensive 
pregnancies. Data were collected from PubMed and EMBASE (from inception to 
February 28, 2011) supplemented by manual searches of bibliographies.
Included were cohort studies and case-control studies assessing biochemical 
cardiovascular risk factors in women with previous hypertensive pregnancy 
disorders compared with women with previous normotensive pregnancies. Of 2573 
studies reviewed for eligibility, quality, and data extraction, 22 were included in 
the review, of which 15 could be meta-analyzed. The pooled mean differences for 
the outcomes of interest were 0.17 mmol/L (95% confidence interval [CI], 0.08 
to 0.25 mmol/L) for glucose (10 studies), 3.46 mU/mL (95% CI, 2.34 to 4.58 mU/
mL) for insulin (5 studies), 0.13 mmol/L (95% CI, 0.05 to 0.21) for triglycerides 
(10 studies), 0.22 mmol/L (95% CI, 0.11 to 0.33 mmol/L) for total cholesterol 
(11 studies), 0.11 mmol/L (95% CI, 0.18 to 0.04 mmol/L) for high-density 
lipoprotein cholesterol (10 studies), and 0.21 mmol/L (95% CI, 0.10 to 0.32) for 
low-density lipoprotein cholesterol (9 studies), all in the disadvantage in women 
with previous hypertensive pregnancy disorders. Analyses for preeclampsia alone 
showed similar results.
Conclusions: Women with previous hypertensive pregnancy disorders have 
higher glucose, insulin, triglycerides, total cholesterol, high-density lipoprotein 
cholesterol, and low-density lipoprotein cholesterol levels measured after 
pregnancy compared with women with previous normotensive pregnancies. These 
biochemical cardiovascular risk factors may identify women who will benefit from 
primary prevention of cardiovascular disease.
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Introduction

Hypertensive disorders are the most common complications in pregnancy with 
a prevalence of approximately 6% to 8%.1,2 Hypertensive disorders include 
a spectrum of conditions including gestational hypertension, preeclampsia, 
eclampsia, and superimposed preeclampsia. Preeclampsia is a pregnancy-
specific syndrome, defined by the onset of hypertension and proteinuria. In the 
developed world, preeclampsia affects 2% to 4% of pregnancies and is still largely 
responsible for high maternal and fetal mortality rates.3 It has been suggested 
that pregnancy acts as a natural stress test that can predict women’s health in 
later life.4 Pregnancy can unmask subclinical diseases including hypertensive 
disorders that express in later life by the effects of aging clinically diagnosed 
as cardiovascular disease. Cardiovascular disease is the leading cause of death 
in women in the Western world.5 Both hypertensive disorders in pregnancy and 
cardiovascular disease share features of subclinical vascular (endothelium) 
damage clinically manifesting as metabolic syndrome and arteriosclerosis. From 
this point of view, pregnancies complicated by hypertensive disorders might 
be used as indicator for screening for cardiovascular risk factors and primary 
prevention programs. Several studies assessed biochemical cardiovascular risk 
factors after pregnancy in women with a history of hypertensive disorders in 
pregnancy. These studies used different inclusion criteria, that is, early severe 
or mild term preeclampsia or gestational hypertension or combination of both 
disorders. Moreover, these studies reported on a large spectrum of cardiovascular 
risk factors. Measurement of biochemical cardiovascular risk factors after 
pregnancy might be a tool to identify women at risk for cardiovascular disease 
later in life. However, it is still not clear which biochemical cardiovascular risk 
factor is elevated after pregnancies complicated by hypertensive disorders. The 
objective of this study was to conduct a comprehensive systematic review and 
meta-analysis assessing biochemical cardiovascular risk factors in women with 
a history of hypertensive disorders in pregnancy compared with women with a 
history of normotensive pregnancies. Our aim was to identify which biochemical 
cardiovascular risk factor women exhibit after their hypertensive pregnancies 
and may be used for screening for primary prevention of cardiovascular disease 
in women. We focus on the most common biochemical cardiovascular risk factors, 
that is, glucose, insulin, triglycerides, total cholesterol, high-density lipoprotein 
(HDL) cholesterol, low-density lipoprotein (LDL) cholesterol, (micro) albuminuria, 
high-sensitivity C-reactive protein (HsCRP), and hemoglobin A1c (HbA1c). The 
results might support the epidemiological data of the association of a history of 
hypertensive disorders in pregnancy and increased risk of cardiovascular disease 
in women in later life.3,6-11 This is the first prerequisite step for further, prospective 
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research to investigate whether screening for biochemical cardiovascular risk 
factors is rational in women with a history of hypertensive disorders in pregnancy.

Materials and methods

This systematic review and meta-analysis were performed according to the 
MOOSE (Meta-analysis of Observational Studies in Epidemiology) guidelines. 

Definitions
Gestational hypertension was defined according to the International Society 
for the Study of Hypertension in Pregnancy criteria as either a systolic blood 
pressure equal to or greater than 140mmHg or a diastolic blood pressure 
equal to or greater than 90 mm Hg measured at 2 occasions at least 6 hours 
apart in a woman who was normotensive at the start of pregnancy until week 
20 of gestational age (patients).12 Preeclampsia was defined according to the 
International Society for the Study of Hypertension in Pregnancy criteria: equal 
to or greater than 140 mm Hg or a diastolic blood pressure equal to or greater than 
90 mm Hg with proteinuria greater than 0.3 g/24 h after 20 weeks’ gestation.12 

Severe preeclampsia was defined as a blood pressure exceeding 160/110 mm Hg 
or proteinuria greater than 5 g/24 h, or both.12 Eclampsia was defined as the 
presence of seizures.12,13 Superimposed preeclampsia was defined as preexisting 
hypertensionwith new-onsetproteinuria greater than 0.3 g/24 h after 20 weeks’ 
gestation.

Sources 
We used a priori eligibility criteria for studies.PubMed and EMBASE were 
searched from inception to February 28, 2011 (by J.C.F.K. and W.H.). For this 
literature search, the following terms were used (with synonyms and closely 
related words) as thesaurus terms and free-text words: pregnancy induced 
hypertension or preeclampsia or eclampsia and lipids or cholesterol or triglycerides 
or lipoproteins and systematic reviews or meta-analyses or cohort studies or case 
control studies. The full search strategies for both databases can be requested 
from the corresponding author. Additional eligible studies were sought by hand 
searching the reference lists from primary articles and by the titles with your 
search terms (a function in PubMed).

Study Selection
Two reviewers (W.H. and C.J.M.G.) independently screened the title, abstract, 
and keywords of each reference (Fig. 1). If a reference was potentially eligible, a 
full-text article was scored using a scoring list conducted by the reviewers (W.H., 
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H.H., E.H., S.L., C.J.M.G., and B.W.M.) to assess the article’s quality (ie, clear 
definition of gestational hypertension and (pre)eclampsia, study design, evaluated 
risk factors, information about blood collection and blood analysis, patient’s 
characteristics; inclusion and exclusion criteria, information on bias, and number 
of inclusions in the study). During the comparison of these scoring lists by the 
reviewers (W.H. and C.J.M.G.), any inconsistencies were resolved by discussion 
with a third reviewer (B.W.M.). If 2 or more studies reported similar data of the 
same cohort, we included the most extensive, detailed report with regard to our 
study question. We included cohort and case-control studies, assessing women 
with a history of gestational hypertension or (pre)eclampsia of any parity or age 
or any severity of hypertensive disorder (patients) compared with women with a 
history of uncomplicated normotensive pregnancies (control subjects). We excluded 
studies without the previously mentioned definitions of gestational hypertension 
or (pre)- eclampsia or without accurate description of the study population. 
Studies that included superimposed preeclampsia were excluded from the meta-

Potentially relevant studies identified and screened for
retrieval 
(N=2573)

Articles retrieved for more detailed evaluation (n=53)

Studies included in review (n=22)

Articles excluded after detailed review (n=31):
PIH or PE not well defined (n=5)

Data selection not well described (n=2)
measurements before or  during pregnancy (n=10)

No similar screeningtests (n=6)
Data described as differences, no exact data (n=4)

Control group missing (n=2)
Results based on questionnaires (n=1)

in- exclusion criteria not well described (n=1)

Articles excluded on basis of title, or abstract:
no desirable outcomes, measurements during or 

before pregnancy, editorials, letters, news articles, 
review articles

(n=2520)

Excluded studies from meta-analysis (n=7):
Superimposed preeclampsia included in study

population (n=1)
Data reported as median (range) (n=5)

Data reported as median (range) and data reported as 
means (SD) overlapping data with other included study

(n=1)

Studies included in quantitative synthesis 
(meta-analysis)

(n=15)

Figure 1. Study Selection Process 
PIH = gestational hypertension, PE= preeclampsia
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analysis. Control subjects had to be women who completed pregnancies without 
developing gestational hypertension or (pre)eclampsia. Outcomes evaluated 
were 9 biochemical cardiovascular risk factors determined only after pregnancy, 
including glucose, insulin, triglycerides, total cholesterol, HDL cholesterol, LDL 
cholesterol, (micro)- albuminuria, HsCRP, and HbA1c.

Outcomes of Interest
Our primary outcomes were differences in biochemical cardiovascular risk 
factors between women with a history of hypertensive disorders in pregnancy and 
women with a history of normotensive pregnancies. Where possible, we divided 
hypertensive disorders in 2 subgroups: gestational hypertension and preeclampsia. 
Biochemical cardiovascular risk factors; glucose, insulin, triglycerides, total 
cholesterol, HDL cholesterol, LDL cholesterol, (micro) - albuminuria, HsCRP, and 
HbA1cVwere extracted from the eligible studies and pooled in the metaanalysis. 
Only studies reporting outcome values as means ± SEM or SD were included in 
the meta-analysis, because it is impossible to pool and analyze data reported as 
medians (range/interquartile range [IQR]). Studies reporting outcome values as 
medians (range/IQR) were described separately. Values of the outcome measures 
were reported in different units in the studies. According to the International 
System of Units (SI), standard units were converted before analyzing into mmol/L 
for glucose, triglycerides, total plasma cholesterol, HDL cholesterol, and LDL 
cholesterol; mU/mL for insulin; mg/24 h for (micro)- albumin; mg/L for HsCRP; 
and % for HbA1c. If values were reported as means T SEM, SEM was converted 
into SD before pooling.

Data Synthesis
We used Review Manager 5.1 (Cochrane Collaboration) for statistical analyses. 
Outcomes were reported as continuous data and analyzed using a mean difference. 
Raw numbers were used from each study, as adjustments for confounding effects 
varied among the different studies. Weighting of studies in the meta-analyses was 
calculated on the basis of the inverse variance of the study. The random-effects 
model was chosen, as a clinical and statistical heterogeneity was expected among 
the studies. We used forest plots to visualize data and assessed heterogeneity using 
the I2 test.14 For all effect estimates, P < 0.05 indicated statistical significance.
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Results

Literature Identification and Study Quality
The search detected 2573 articles. After screening the titles and abstracts, 
52 articles were retrieved for detailed evaluation, of which 22 were included 
in this review.15-36 Finally, 15 articles were included in the meta-analys
is,15,16,18-20,23,25-27,29-31,34-36 and 7 articles were described separately,17,21,22,24,28,32,33 as 
these articles described median values. Fig. 1 shows the number of identified 
and included studies and in detail the reason for exclusion. The studies included 
in the meta-analysis were published from 1996 to 2011 and included 736 
women (patients) with a history of hypertensive disease in pregnancy and 701 
women (control subjects) with a history of a normotensive pregnancy. Laivuori 
et al26 included 2 women with eclampsia in the preeclampsia group without 
distinguishing preeclampsia from eclampsia in their analysis. Therefore, we 
excluded this study from subgroup analysis in the meta-analysis for triglycerides, 
total cholesterol, HDL cholesterol, and LDL cholesterol.

Study Characteristics
The characteristics of the included studies are shown in Table 1A. Data collection 
of studies in the meta-analysis was prospective design in 3 studies (20%).19,34,35 
Eleven studies (73%) were designed as cohort studies,15,16,19,20,23,25,27,29,30,34,35 and 
4 (27%) were case-control studies.18,26,31,36 In 1 study, only women with a history 
of gestational hypertension were included30; 1 study included eclampsia,23 and 
11 studies (73%) included preeclampsia.15,16,18,20,25,27,29,31,34-36 One study reported on 
preeclampsia and eclampsia,26 and 1 study reported on gestational hypertension 
and preeclampsia.19 In 6 studies (40%), women at index pregnancy were 
primigravid.19,20,25,26,35,36 The other 9 studies (60%) reported both primigravid 
and multigravid women at index pregnancy.15,16,18,23,27,29-31,34 In 5 studies (30%), 
the mean gestational age of the index pregnancy was not reported,15,18,23,25,36 and 
in 5 studies (30%) it was not reported whether term or preterm pregnancies 
were analyzed.18,23,25 Eight studies (53%) reported on both term and preterm 
hypertensive disorders in pregnancy,15,16,19,20,26,31,34,35 2 studies included only term 
pregnancies (13%),29,30 and 1 study (7%) included only preterm pregnancies.27 
The follow-up periods of the included studies are described in Table 1A. Overall 
mean weighted followup was not calculated, because the follow-up periods in 
the different studies were reported as means (TSD) or medians (ranges/IQR). 
All women in the included studies were sober fasten at the time of biochemical 
cardiovascular risk factor assessment. The characteristics of the excluded studies 
from meta-analysis are separately described in Table 1B.
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Biochemical Cardiovascular Risk Factors After Hypertensive 
Disorders in Pregnancy
Glucose
Ten studies fulfilled the criteria for glucose measurement after pregnancy, of 
which 508 patients and 511 control subjects were included.16,18,19,23,25,29,30,34-36 
Glucose levels were higher in women with a history of hypertensive disorders in 
pregnancy compared with women with a history of normotensive pregnancies; 
mean difference was 0.17 mmol/L (95% confidence interval [CI], 0.08 to 0.25; 
P = 0.0001) (Fig. 2). The heterogeneity observed was not significant (P = 0.12; 
I2 = 36%). Subgroup analyses of preeclampsia (8 studies) and gestational 
hypertension (2 studies) resulted in similar overall results in both subgroups; 
however, the heterogeneity in the preeclampsia studies was moderate (P = 0.08, 
I2 = 44% compared with the gestational hypertension group; P = 0.50, I2 = 0%) 
(Figs. 2A, B). Two studies, Berends et al17 and Pouta et al32 reported on glucose 
in medians (IQR) after pregnancy. Berends et al17 found a significant difference 
between patients (7 years after pregnancy) and control subjects (13 years after 
pregnancy): cases median, 4.8 mmol/L (4.4 to 5.2 mmol/L); control subjects 
median, 4.2 mmol/L (3.8 to 4.5 mmol/L), 7 and 13 years. This study included 
superimposed preeclampsia (3/50 women, 6%) (Table 2). Pouta et al32 found 
no significant difference between patients and control subjects 6 years after 
pregnancy: cases median, 5.00 mmol/L (4.70 to 5.10 mmol/L); control subjects 
median, 4.90mmol/L (4.60 to 5.10mmol/L) (P = 0.25).

Insulin
Five studies fulfilled the criteria for insulin measurement after pregnancy.19,23,25,30,34 
Two hundred ninety-six women in both groups were analyzed, and the insulin 
levels were significantly higher in women who had hypertensive disorders 

Figure 2. Glucose.  
Cases (history of preeclampsia, eclampsia, or gestational hypertension) versus Controls 
(history of normotensive pregnancies). 
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in pregnancy compared with control subjects: mean difference, 3.46mU/
mL(95%CI,2.34 to 4.85mU/mL)(PG0.00001), with a test heterogeneity of P = 0.63, 
I2 = 0% (Fig. 3). For subanalysis according to preeclampsia, 3 studies19,25,34 and 
gestational hypertension, 2 studies19,30 resulted in similar effect estimates. In both 
groups, patients had higher insulin levels after pregnancy compared with control 
subjects (Figs. 3A, B). Three studies, Pouta et al,32 Spaan et al,36 and Sattar et 
al33 reported on insulin in medians (IQR) after pregnancy. Pouta et al32 and 
Spaan et al36 found both a significantly higher insulin levels in patients compared 
with control subjects at 6 and 23 years after pregnancy, respectively. Sattar et 
al33 found no significant difference at 20 years after pregnancy, although there 
was a trend to higher insulin levels in patients compared with control subjects 
(results shown in Table 2).

Figure 3. Insulin.  
Cases (history of preeclampsia, eclampsia, or gestational hypertension) versus Controls 
(history of normotensive pregnancies).
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Triglycerides
Ten studies fulfilled the criteria for triglyceride measurement after pregnancy, 
of which 501 patients and 501 control subjects were included.16,18,19,23,25,26,29,30,34,36 
Women with a history of hypertensive disorders in pregnancy had significantly 
higher triglycerides levels after pregnancy compared with the control subjects. 
We found a mean difference of 0.13 mmol/L (95% CI, 0.05 to 0.21 mmol/L) (Fig. 4). 
In the preeclampsia subgroup, we found a significant mean difference of 0.15 
mmol/L (95% CI, 0.04 to 0.27 mmol/L). In the gestational hypertension subgroup, 
we found no significant mean difference: 0.15 mmol/L (95% CI, 0.01 to 0.30 
mmol/L). In both subgroup analyses, heterogeneity was not significant (Figs. 4A, 
B). Five studies reported on triglycerides after pregnancy in medians (ranges or 
IQR) (Table 2).17,22,28,32,33 He et al22 (in the luteal phase of the menstrual cycle) and 
Manten et al28 found significantly higher triglycerides levels in patients compared 
with control subjects at 4.5 years22 and 0.48 years (for patients) and 0.82 years 
(for control subjects)28 after pregnancy. On the contrary, Berends et al,17 Pouta et 
al,32 and Sattar et al33 found no significant differences in triglycerides levels after 
pregnancy between patients and control subjects (results shown in Table 2).

Total Cholesterol
Eleven studies fulfilled the criteria for total cholesterol measurement 
after pregnancy, of which 591 patients and 561 control subjects were 
included.16,18,19,23,25,26,29Y31,34,36 A significant elevating effect on the level of total 
cholesterol was found in the case group: mean difference, 0.22 mmol/L (95% CI, 
0.11 to 0.33 mmol/L) (P < 0.0001), with a test heterogeneity of P = 0.57, I2 = 0% 
(Fig. 5). After subanalysis, only women with a history of preeclampsia had higher 
total cholesterol compared with control subjects:mean difference, 0.26 mmol/L 

Figure 4. Triglycerides.  
Cases (history of preeclampsia, eclampsia, or gestational hypertension) versus Controls 
(history of normotensive pregnancies).
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(95% CI, 0.12 to 0.39 mmol/L).Women with a history of gestational hypertension 
had no significantly different levels: mean difference, 0.08 mmol/L (95% CI, 0.14 to 
0.31). There was no statistical heterogeneity in both subgroups when results were 
pooled across the different studies (Figs. 5A, B). Five studies reported on total 
cholesterol after pregnancy in medians (ranges or IQR) (Table 2). 17,22,28,32,33 
Two studies found significantly higher levels of total cholesterol in patients 
compared with control subjects, 4.5 years22 and 0.48 years (for patients) and 0.82 
years (for control subjects) after pregnancy.28

HDL Cholesterol
Ten studies fulfilled the criteria for HDL cholesterol measurement after pregnancy, 
of which 501 patients and 501 control subjects were included.16,18,19,23,25,26,29,30,34,36 A 
significantly reduced mean difference was found in patients compared with control 
subjects: 0.12 mmol/L (95% CI, 0.18 to 0.04). However, a significant heterogeneity 
was found across the 9 studies: P = 0.03, I2 = 51% (Fig. 6). In both preeclampsia 
and gestational hypertension subgroup analysis, we found a significantly reduced 
mean difference in the patients compared with control subjects: 0.08 (95% CI 0.14 
to 0.02; P = 0.008) for preeclampsia subgroup and 0.23 (95% CI, 0.43 to 0.02; 
P = 0.03) for gestational hypertension subgroup. No statistical heterogeneity was 
found in the preeclampsia subgroup analysis (Fig. 6A). However, the heterogeneity 
was significant in the gestational hypertension subgroup analysis: P = 0.03, 
I2 = 77% (Fig. 6B). Five studies reported on HDL cholesterol after pregnancy 
in medians (ranges or IQR).17,22,28,32,33 These 5 studies did not find significant 
differences between patients and control subjects (Table 2).

Figure 5. Total Cholesterol.  
Cases (history of preeclampsia, eclampsia, or gestational hypertension) versus Controls 
(history of normotensive pregnancies).
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LDL Cholesterol
Nine studies fulfilled the criteria for LDL cholesterol measurement after pregnancy, 
of which 500 patients and 500 control subjects were included.16,19,23,26,29-31,34,36 
Patients had a significantly higher level of LDL cholesterol compared with control 
subjects: mean difference, 0.21 mmol/L (95% CI, 0.10Y0.32 mmol/L) (Fig. 7). In 
the subanalysis of preeclampsia, we found a significantly higher LDL cholesterol 
level: mean difference, 0.25 mmol/L (95% CI, 0.12 to 0.39; P = 0.0002), whereas 
in the gestational hypertension subgroup, we found no significant difference: 
mean difference, 0.12 mmol/L (95% CI, 0.06 to 0.30; P = 0.20). No significant 
heterogeneity was found in the subanalyses for LDL cholesterol (Figs. 7A, B). 
Four studies reported on LDL cholesterol after pregnancy in medians (ranges or 
IQR).17,22,32,33 These 4 studies did not find a significant difference between patients 
and control subjects (Table 2).

Microalbuminuria
Only 1 study in which 48 patients and 44 control subjects were included reported 
on microalbuminuria after a pregnancy complicated by preeclampsia.15 In this 
study, preeclampsia was associated with elevated urinary albumin excretion rate 
2 to 4 months after delivery and 3 to 5 years after delivery. Bar et al15 found 
albumin excretion in 24 hours after 3 to 5 years a significantly higher value in 
patients: mean,23.5 (SD, 26.8) mg/24 h compared with control subjects: mean, 6.7 
(SD 2.8) mg/24 h. No studies were found assessing albumin secretion after a 
history of gestational hypertension.

Figure 6. HDL Cholesterol.  
Cases (history of preeclampsia, eclampsia, or gestational hypertension) versus Controls 
(history of normotensive pregnancies).
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High-Sensitivity C-Reactive Protein
Two studies fulfilled the criteria for HsCRP measurement after pregnancy, of 
which 110 patients and
110 control subjects were included.20,34 Both studies included women with a 
history of preeclampsia. Freeman et al20 included only primigravid women with 
a mean follow-up of 19.9 years, whereas Smith et al included both primigravid 
and multigravid women at the time of index pregnancy with a mean follow-up of 
1 year. No significant difference was found between patients and control subjects. 
The test heterogeneity for HsCRP was not significant (P = 0.28, I2 = 15%). Three 
studies reported on HsCRP after pregnancy in medians (range or IQR).21,24,36 
Two studies found significantly higher HsCRP levels after pregnancy in patients 
compared with control subjects, whereas Spaan et al36 did not confirm these 
findings. The results are summarized in Table 2.

Hemoglobin A1c
Lampinen et al27 reported on HbA1c levels 5 to 6 years after preterm pregnancies 
complicated by preeclampsia in mean (SD) compared with term normotensive 
pregnancies. No significant differences were found between patients and control 
subjects: mean difference, 0.10% (95% CI, 0.07 to 0.27). However, Sattar et al33 
reported on HbA1c levels in medians (IQR) 20 years after pregnancy and found a 
significant difference between women with a history of preeclampsia and women 
with a history of a normotensive pregnancy (Tables 1B and 2).

Figure 7. LDL Cholesterol.  
Cases (history of preeclampsia, eclampsia, or gestational hypertension) versus Controls 
(history of normotensive pregnancies).
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Discussion

Main Findings
We found that 7 of the 9 biochemical cardiovascular risk factors were higher 
in women with a history of hypertensive disorders in pregnancy compared 
with women with a history of normotensive pregnancies. These biochemical 
cardiovascular risk factors are glucose, insulin, triglycerides, total cholesterol, 
HDL and LDL cholesterol, and microalbumin. We found a similar association of 
these risk factors in subgroup analyses of women with a history of preeclampsia. 
Women with a history of gestational hypertension had higher glucose and insulin 
levels and lower HDL cholesterol levels after their pregnancy compared with 
women with a history of normotensive pregnancies.

Biochemical Cardiovascular Risk Factors
Increased glucose levels, even within the reference range, are predictive for an 
increased risk of type 2 diabetes and cardiovascular disease.37 Women with 
a history of preeclampsia are at increased risk of developing type 2 diabetes; 
diabetes is a major independent risk factor for cardiovascular disease.38 We found 
higher fasting glucose levels in women with a history of gestational hypertension 
and preeclampsia in this meta-analysis compared with women with a history of 
normotensive pregnancies. We did not study the interaction between bodymass 
index and glucose levels, as adjustments for confounding effects varied among 
the different studies. However, the increase in cardiovascular risk attributed to 
hyperglycemia is independent of overweight/ obesity and dyslipidemia.38 Hemoglobin 
A1c, glycated hemoglobin, correlates with mean blood glucose over the previous 8 
to 12 weeks. Only 2 studies were included in this review, evaluating HbA1c levels 
after previous preeclampsia. Sattar et al33 found a significant difference between 
patients and control subjects 20 years after pregnancy, whereas Lampinen et al27 
did not at 5 to 6 years after pregnancy. Increased levels of insulin are an indirect 
marker of insulin resistance.39 Insulin resistance is closely associated with 
metabolic syndrome and leads to vascular endothelial dysfunction, an abnormal 
lipid profile, hypertension, and vascular inflammation, all of which promote the 
development of cardiovascular disease.40 In literature, metabolic syndrome has 
been suggested to play an important role in the pathophysiology of gestational 
hypertension and preeclampsia and may be the underlying mechanism linking 
hypertensive disease in pregnancy and cardiovascular disease in later life.21 
In this meta-analysis, we found higher fasting insulin levels in women with a 
history of gestational hypertension and preeclampsia compared with women with 
uncomplicated pregnancies. Suboptimal levels of lipids represent a major risk 
factor for cardiovascular disease. A positive relationship exists between serum 
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cholesterol levels and the development of first or subsequent coronary heart disease; 
the higher the level, the greater the risk.41 Furthermore, 3 prospective studies 
with long-term follow-up described the detection of elevated serum cholesterol in 
early adulthood and the subsequent effect of an increased incidence of coronary 
heart disease inmiddle age. This is of importance for the higher lipid levels 
(and lower HDL cholesterol levels) found in this review in mainly young women 
with previous gestational hypertension or preeclampsia. Bar et al15 reported on 
microalbuminuria after pregnancies complicated by preeclampsia. Preeclampsia 
was associated with elevated urinary albumin excretion 2 to 4 months after 
delivery and 3 to 5 years after delivery. Microalbuminuria is a risk factor for 
organ damage, such as left ventricular hypertrophy, myocardial infarction, 
stroke, peripheral vascular disease, and retinopathy, independent of blood 
pressure.42-44 The risk of an adverse cardiovascular event increases progressively 
with increasing absolute levels of microalbuminuria.45 Low-grade albuminuria 
carries a 3-fold increased risk of cardiovascular disease (in women with the sex-
specific median of 7.5 g/mg),46 and even albuminuria increasing from 5 to 10 mg/L 
was associated with a 29% increased risk of cardiovascular death during a 3-year 
follow-up (hazard ratio, 1.29 [95% CI, 1.18 to 1.10]).47 Elevated serum CRP, 
measured by high-sensitivity assay (HsCRP), provides a sensitive biomarker of 
chronic systemic inflammation.48 C-reactive protein is an independent predictor 
of future cardiovascular events,49,52 and evidence also implicates CRP, and thus 
inflammation, as a useful clinical measure for identifying risk of developing the 
insulin resistance syndrome, particularly in women.50,51 In our meta-analysis, 
we found no significant difference between patients and control subjects after a 
median follow-up of 19.9 years in both patients and control subjects; however, only 
1 study was included in the meta-analysis. The 2 other studies included in this 
review, reporting on median values of HsCRP,21,24 found a significant difference 
between patients and control subjects after 32.6 and 7.8 years, respectively.

Strengths and Limitations
This is the first report that systematically reviewed and meta-analyzed various 
biochemical cardiovascular risk factors for cardiovascular disease after 
pregnancies complicated by hypertensive disorders. The study selection was 
carried out without language restrictions, and attention was paid to quality 
assessment by using scoring lists and evaluation by multiple investigators, 
preventing selection and publication bias. The clinical consequences of the results 
of this review, however, are still under development. We found 7 cardiovascular 
risk factors to appear higher in women with a history of hypertensive disorders 
in pregnancy compared with normotensive women.
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This systematic review has a few limitations. First, a differentiation between 
gestational hypertension and preeclampsia was limited by the lack of studies, 
concerning the long-term follow-up of gestational hypertension and risk 
factor screening for cardiovascular disease. Until now, most investigators 
paid attention to the long-term effects of preeclampsia, especially for severe 
preterm preeclampsia, rather than for mild term preeclampsia or gestational 
hypertension. Severe preterm preeclampsia may have another underlying 
pathophysiology and different longterm effects compared with hypertensive 
disorders at term. Therefore, it is important to know whether cardiovascular 
risk factors are increased only after (severe) preterm preeclampsia or even after 
(mild) term preeclampsia. Subanalysis of these groups would have been optimal, 
especially because mild term preeclampsia is much more prevalent than severe 
preterm preeclampsia. Unfortunately, as the included studies did not distinguish 
between severe preterm preeclampsia and mild term hypertensive disorders, it 
was impossible to perform a separate analysis. In 4 retrospective studies, the 
gestational age of included women was not described.15,18,23,25

Second, population variability in the included studies exists. Most women were 
premenopausal at the time of inclusion, except for the studies of Hubel et al23, 
Spaan et al,36 Freeman et al,20 and Laivuori et al.26 The follow-up period after 
index pregnancy in the study of Laivuori et al was at least 16.9 years and was 
23 years in Spaan et al, and Hubel et al included only postmenopausalwomen 
after eclampsia. It is well known that postmenopausal women have a higher 
risk of cardiovascular disease and probably higher biochemical cardiovascular 
risk factors compared with premenopausal women, causing a confounding effect 
on risk factor screening. However, excluding these 3 studies from the combined 
group analysis had no consequences for the significant outcome of glucose, insulin, 
total cholesterol, HDL cholesterol, LDL cholesterol, and triglycerides (results not 
reported). A third limitation is the inadequate reporting in the various studies 
on the test techniques and intervals between blood sampling and blood analysis. 
Laboratories use different intra-assay and interassay variations on their test 
results; only 3 studies23,29,35 described their intra-assay and interassay variations, 
and overall medication use, that is, lipid-lowering therapy, was not well described. 
Furthermore, 3 studies25,30,36 chose a certain time point in the menstrual cycles 
of included women to determine the risk factors, as previous studies have shown 
that endothelial function may vary according to the phase of menstrual cycle. As 
a consequence, interpretations after combining data from different studies must 
be carried out carefully.
The impact of adjustment for possible confounding factors on cardiovascular 
disease such as body mass index, smoking status, and family history could not be 

Hermes.indd   59 1-4-2014   9:18:57



Chapter 360

investigated because the present review was based on unadjusted data reported 
in the published literature rather than on individual participant data.
Finally, limitations of the meta-analyses merit careful consideration. The 
comparability of the 9 biochemical cardiovascular risk factor distributions 
between the different studies could not be accurately assessed, as a few studies 
did not report appropriate measures of distribution, that is, medians (ranges or 
IQR). These studies reporting medians (ranges/IQR) were discussed separately 
and excluded from the metaanalysis, causing bias. However, the results of these 
excluded studies mainly supported the findings in the meta-analysis.

Hypertensive Pregnancy Disorders and the Association With 
Cardiovascular Disease, Implications and Future Research
Women with preeclampsia have a 2-fold higher risk of death from cardiovascular 
disease later in life and even a higher risk in combination with certain 
circumstances, that is, preterm delivery, intrauterine growth restriction, or 
recurrent preeclampsia.7,52,53 It still remains unclear whether preeclampsia 
and cardiovascular disease share the same etiology, or cardiovascular disease 
is a result of preeclampsia, or preexistent subclinical cardiovascular disease 
is unmasked in pregnancy by developing preeclampsia. However, in all cases 
mentioned, pregnancy can be seen as a stress test for cardiovascular disease in 
women. The main question rises: who, when, and how frequently after pregnancy 
should doctors screen for biochemical cardiovascular risk factors in apparently 
healthy postpartum women with a history of hypertensive pregnancy disorders to 
prevent cardiovascular disease? Nowadays, these questions are actively debated, 
and still the answers are not clear.
In 2011, the American Heart Association guidelines included preeclampsia, as 
first, as a risk factor for cardiovascular disease and recommended referral after 
preeclampsia by the obstetrician to a primary care physician or cardiologist 
for cardiovascular risk factor screening.54 Unfortunately, further detailed 
recommendations were lacking in these guidelines, for example, how women 
with a history of preeclampsia and normal values of cardiovascular risk factors 
should bemanaged. Evidence concerning screening, treatment, and cost-benefit 
after hypertensive pregnancy disorders is still lacking in literature. According 
to the American Heart Association guidelines, individual risk factor screening 
and subsequent 10-year cardiovascular risk prediction may be used to determine 
whether women need blood pressure medication, lipid-lowering therapy, omega-
3-fatty acids, or aspirin treatment to prevent cardiovascular disease.54 However, 
age is an important variable in the Framingham Risk prediction algorithm,55 
and as a consequence, 10-year individual cardiovascular disease risk is likely 
to be low in the relatively young women immediately after pregnancy. This may 
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result in undertreatment in this specific group of women, and it may be a missed 
opportunity.
Unfortunately, our findings in this meta-analysis do not answer the questions, 
concerning who, when, and how frequently doctors should screen for cardiovascular 
risk factors, as the absolute levels of the assessed risk factors are not above a 
threshold above which the international guidelines recommend pharmacological 
intervention or diet and lifestyle modification. Furthermore, individual 
cardiovascular risk depends not only on unfavorable biochemical cardiovascular 
risk factors, but mostly on a combination of several nonmodifiable (ie, age, 
family history, and ethnicity) and modifiable (ie, [preexisting] hypertension, 
diabetes mellitus, renal disease, obesity, dyslipidemia, metabolic syndrome, 
microalbuminuria) risk factors, which were not all analyzed in this meta-
analysis. However, results of our meta-analysis will provide awareness of women 
and (general) physicians of the elevated cardiovascular risk after hypertensive 
pregnancy disorders, and together with the existing epidemiological evidence, 
it justifies to accomplish a randomized controlled trial to compare lifestyle 
modification for women with a history of hypertensive pregnancy disorders, 
including smoking cessation, weight reduction in case of overweight or obesity, 
and an overall healthy lifestyle advice (healthy diet, physical activity) versus care 
as usual. This randomized controlled trial is needed and will gain insight in 
the question if screening and treating women after a pregnancy complicated by 
hypertensive disorders are effective in reduction of biochemical cardiovascular 
risk factor levels, individual cardiovascular risk, and if blood pressure, smoking, 
and body weight will be positively influenced. Only after identifying rational tools 
for women to reduce their cardiovascular risk, implementation will follow in the 
national guidelines and adequate treatment and prevention might occur. After 
completing this educational activity, physicians should be better able to evaluate 
and interpret the evidence regarding biochemical cardiovascular risk factor 
assessment after pregnancy and counsel women with a history of hypertensive 
pregnancy disorders regarding the effectiveness of cardiovascular risk factor 
assessment in the primary prevention of cardiovascular disease.

Conclusions

Women with a history of hypertensive disorders in pregnancy have higher 
levels of glucose, insulin, triglycerides, total cholesterol, LDL cholesterol, and 
microalbumin and lower levels of HDL cholesterol compared with women with 
a history of a normotensive pregnancy. These biochemical cardiovascular risk 
factors are potential predictors for cardiovascular disease later in life and may 
identify high-risk women early enough to benefit from intervention.
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Addendum: Subgroup Analyses

Figure 2A. Glucose Preeclampsia Subgroup. 

Figure 2B. Glucose Gestational Hypertension Subgroup. 

Figure 3A. Insulin Preeclampsia Subgroup. 

Figure 3B. Insulin Gestational Hypertension Subgroup.
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Figure 4A. Triglycerides Preeclampsia Subgroup. 

Figure 4B. Triglycerides Gestational Hypertension Subgroup

Figure 5A. Total Cholesterol Preeclampsia Subgroup

Figure 5B. Total Cholesterol Gestational Hypertension Subgroup
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Figure 6A. HDL Cholesterol Preeclampsia Subgroup

Figure 6B. HDL Cholesterol Gestational Hypertension Subgroup

Figure 7A. LDL Cholesterol Preeclampsia Subgroup

Figure 7B. LDL Cholesterol Gestational Hypertension Subgroup
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Abstract

Objective: The aim of this study is to investigate which non-classic cardiovascular 
biomarkers are associated with persistent endothelial dysfunction after pregnancy 
in women with a history of hypertensive pregnancy disorders compared to women 
with uncomplicated pregnancies.

Design: Systematic review and meta-analysis of observational studies.

Data Sources: A search was performed in PubMed, Embase, Cochrane and 
Cinahl including articles from inception to 27 February 2013.

Inclusion Criteria: Included were cohort studies and case-control studies. 
Cases were women with a history of hypertension in pregnancy, control subjects 
were women with a history of uncomplicated pregnancies.

Studies Reviewed: Of the 3136 found, 21 studies on 16 non-classic cardiovascular 
biomarkers are described in this review; 12 studies on 5 biomarkers were included 
in the meta-analysis.

Results: Women with a history of hypertensive pregnancy disorders had a 
higher homocysteine level compared to women with a history of uncomplicated 
pregnancies (5 studies; pooled mean difference 0.77ng/ml; 95% confidence interval 
0.27 to 1.26; p <0.01). For the other non-classic cardiovascular biomarkers 
including markers in areas of inflammation, thrombosis and angiogenesis, we 
found trends towards higher levels in women with a history of hypertensive 
pregnancy disorders.

Conclusion: This review and meta-analysis showed that women with a history 
of hypertensive pregnancy disorders have higher homocysteine levels compared 
to women with a history of uncomplicated pregnancies. Biomarkers in areas 
of inflammation, thrombosis and angiogenesis were increased in women with 
a history of hypertensive pregnancy disorders, albeit non-significant. These 
data suggest persistent endothelial alteration after pregnancies complicated by 
hypertensive disorders.
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Introduction

Cardiovascular disease is the leading cause of death in women in the western 
world1. Cardiovascular disease manifests itself differently between men and 
women; diagnostic tools in women are less sensitive and specific. Therefore, it is 
of additional value to identify specific risk factors for cardiovascular disease in 
women2-5. For women, preeclampsia has been suggested as a specific risk factor 
for cardiovascular disease later in life6.
Increasing evidence suggests the association of hypertensive pregnancy disorders 
and increased risk of cardiovascular disease later in life7. Therefore hypertensive 
disorders in pregnancy are hypothesized to act as a “stress test” for cardiovascular 
disease later in life9; women who fail this ‘stress test’ by developing hypertensive 
pregnancy disorders have an increased cardiovascular risk which will become 
apparent during pregnancy. Both disorders, hypertensive pregnancy disorders 
and cardiovascular disease later in life, share a common pathophysiologic 
pathway8 of endothelial dysfunction.
A review on classic cardiovascular biomarkers showed higher levels of glucose, 
insulin, triglycerides, total cholesterol, LDL cholesterol and micro albumin and 
lower levels of HDL cholesterol in women with a history of hypertensive pregnancy 
disorders compared to women with a history of uncomplicated pregnancies10. 
These biochemical cardiovascular risk markers are predictors for cardiovascular 
disease later in life and might identify high risk young women early enough to 
benefit from screening and intervention.
In addition to classic cardiovascular biomarkers, biomarkers used nowadays 
in cardiovascular risk assessment, there is a wide variety of non-classic 
cardiovascular biomarkers associated with endothelial dysfunction which might 
even more strongly associated with future risk of cardiovascular disease and 
which might give options for preventive interventions11-13.
In this systematic review and meta-analysis we focus on 16 non-classic 
cardiovascular biomarkers associated with persistent endothelial dysfunction, 
including inflammation, (intercellular adhesion molecule (ICAM), vascular cell 
adhesion molecule (VCAM), interleukin-6 (IL-6), interleukin-10 (IL-10) and 
E-selectin), thrombosis (homocysteine, Von Willebrand Factor (VWF), fibrinogen, 
fibronectin, endothelin, D-dimer, plasminogen activator inhibitor-1(PAI-1), tissue 
plasminogen activator (tPA),) and angiogenesis (Vascular endothelial growth 
factor (VEGF), soluble Fms-like tyrosine kinase-1 (sFLT-1) and tumor necrosis 
factor alpha (TNF-α)). Previous research suggests that these cardiovascular 
biomarkers could be useful in prediction, identification and assessment of 
hypertensive pregnancy disorders, especially preeclampsia14,15.
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The aim of this study is to investigate whether non-classic cardiovascular 
biomarkers are associated with persistent endothelial dysfunction after pregnancy 
in women with a history of hypertensive pregnancy disorders compared to women 
who have had uncomplicated pregnancies.

Methods

Definitions
Hypertensive pregnancy disorders include gestational hypertension, preeclampsia, 
superimposed preeclampsia and eclampsia. Gestational hypertension was 
defined according to the ISSHP criteria as diastolic blood pressure equal to or 
above 90 mmHg measured at two occasions at least six hours apart in a woman 
who was normotensive at the start of pregnancy until week 20 of gestational 
age16. Preeclampsia was defined according to the ISSHP criteria: onset of a blood 
pressure exceeding 140/90 mmHg with proteinuria greater than 0.3 gram/24 
hours after 20 weeks gestation16. Severe preeclampsia was defined as a blood 
pressure exceeding 160/110 mmHg or proteinuria greater than 5 gram/24 hours, 

Studies potentially relevant, identified and screened for
retrieval 
(N=3136)

Studies retrieved for more detailed evaluation (n=73)

Studies included in review (n=21)

Studies excluded after detailed review (n = 52)

biomarkers described not suitable for our review (n =22)
only traditional biomarkers described (n = 18)
measurement in peripartum period (n = 10 )

control group not well defined (n = 1)
means (SD) overlapping data with other study (n =1)

Studies excluded on basis of title or abstract: 
(n=2312)

Studies excluded on basis of study design or type of 
article (n =751)

Studies excluded studies from meta-analyses (n = 9 )

data reported as median (n = 5)
data reported biomarkers only mentioned once or twice 

(n = 4) 
Studies included in quantitative synthesis

(meta-analysis)
(n=12)

Figure 1. Study selection process
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or both16. Eclampsia was defined as the presence of seizures16,17. Superimposed 
preeclampsia was defined as preexisting hypertension with new onset proteinuria 
greater than 0.3 gram/24 hours after 20 weeks gestation.

Sources
We searched PubMed, Embase.com, Cochrane Library (via Wiley) and Cinahl 
(via EBSCO) (JCFK, RHJO and SV) from inception to February 27, 2013. The 
following search terms with synonyms were used: gestational hypertension, 
preeclampsia and eclampsia.
The search on non-classic cardiovascular biomarkers in the area of inflammation 
included the following terms with synonyms: intercellular adhesion molecule 
(ICAM), vascular cell adhesion molecule (VCAM), interleukin-6 (IL-6), 
interleukin-10 (IL-10) and E-selectin. The search on non-classic cardiovascular 
biomarkers in the area of thrombosis included the following terms with synonyms: 
homocysteine, Von Willebrand Factor (VWF), fibrinogen, fibronectin, endothelin, 
D-dimer, plasminogen activator inhibitor-1(PAI-1) and tissue plasminogen 
activator (tPA). The search on non-classic cardiovascular biomarkers in the 
area of angiogenesis included the following terms with synonyms: vascular 
endothelial growth factor (VEGF), soluble Fms-like tyrosine kinase-1 (sFLT-1) 
and tumor necrosis factor alpha (TNF-α). The search for study type included 
the following terms with synonyms: systematic reviews, meta-analyses, cohort 
studies and case-control studies. The choice of biochemical markers was based on 
the knowledge of their role in hypertensive disorders in pregnancy and suspected 
endothelial activation.

Study Selection
Two reviewers screened the title, abstract and keywords (SV, WH) figure 1. If a 
reference was potentially eligible, a full text article was scored using a scoring 
list conducted by the reviewers (SV, WH, CJMdG) to assess the article’s quality 
(i.e. clear definition of gestational hypertension and (pre)eclampsia, study design, 
evaluated risk factors, information about blood collection and blood analysis, 
patient’s characteristics; inclusion and exclusion criteria, information on bias, 
and number of inclusions in the study). During the comparison of these scoring 
lists by the reviewers (SV, WH) any inconsistencies were resolved by discussion 
with a third reviewer (CJMdG).
We included case-control studies and cohort studies. Cases were women with a 
history of hypertensive pregnancy disorder. Control subjects were women with a 
history of uncomplicated pregnancies.
We excluded studies without the previous mentioned definitions of gestational 
hypertension or (pre)eclampsia or without accurate description of the study 
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population. Studies that included superimposed preeclampsia were excluded from 
this review.
Outcomes evaluated were non-classic cardiovascular biomarkers determined 
after hypertensive pregnancy disorders.

Outcomes of Interest
Outcomes were differences in non-classic cardiovascular biomarkers, measured 
after pregnancy, between women with a history of hypertensive pregnancy 
disorders and women with a history of uncomplicated pregnancies. Non-classic 
cardiovascular biomarkers found in case control and cohort studies were 
numerous [table 1]. In this review we describe a specific selection of non-classic 
cardiovascular biomarkers (n = 16), intercellular adhesion molecule (ICAM), 
vascular cell adhesion molecule (VCAM), interleukin-6 (IL-6), interleukin-10 
(IL-10), E-selectin, homocysteine, Von Willebrand Factor (VWF), fibrinogen, 
fibronectin, endothelin, D-dimer, plasminogen activator inhibitor-1(PAI-1), tissue 
plasminogen activator (tPA), vascular endothelial growth factor (VEGF), soluble 
Fms-like tyrosine kinase-1 (sFLT-1) and tumor necrosis factor alpha (TNF-α). 
Only if three or more studies reported on a non-classic biomarker and reported 
outcome values as means ± SEM or SD, we performed meta-analysis including the 
non-classic biomarker. If studies reported values as medians (range/interquartile 
range (IQR)) or if less than three studies reported on the non-classic biomarker, 
we described the non-classic biomarker separately.

Data Synthesis
We used Review Manager 5.0 (Cochrane Collaboration, Oxford, UK) for statistical 
analyses. Outcomes were reported as continuous data and analyzed using a 
mean difference. Raw numbers were used from each study, as adjustments for 
confounding effects varied among the different studies. Weighting of studies 
in the meta-analyses was calculated on the basis of the inverse variance of 
the study. The random effects model was chosen, as a clinical and statistical 
heterogeneity was expected among the studies. We used forest plots to visualize 
data and assessed heterogeneity using the I² test18. For all effect estimates, a 
p-value < 0.05 indicated statistical significance.

Results

Literature Identification and Study Quality
The initial search produced 4995 articles; Pubmed 1775 articles, Embase 
2757 articles, Cinahl 260 articles, Cochrane 119 articles. After removing 
duplicates of references that were selected from more than one database, 
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3136 papers remained. After screening the titles and abstracts we retrieved 
73 articles for detailed evaluation of the full text. As described in figure 1, we 
included 21 articles of these 73 in this review. For the meta-analyses we included 
12 articles which reported on 5 different non-classic cardiovascular biomarkers. 
The other non-classic cardiovascular biomarkers will be described separately.

Study Characteristics

The studies included in this review were published from 1994 to 2012. Study 
characteristics are shown in table 1. Data collection of studies in this review 
was prospective design in fifteen (71%) studies20,21,22,23,25,27,28,29,32,33,34,35,36,37,39. Six 
studies (29%) were designed as cohort studies19,25,26,30,31,38 and 15 (71%) were case 
control studies20,21,22,23,24,27,28,29,32,33,34,35,36,37,39.
In one study (5%) only women with a history of pregnancy induced hypertension 
were included30; two studies (9%) included women with a history of pregnancy 
induced hypertension and preeclampsia25,31 and 18 studies (86%) included women 
with a history of preeclampsia19,20,21,22,23,24,27,28,29,30,32,33,34,35,36,37,38,39.
In 11 studies (52%) both nulliparous and multiparous women were 
included19,20,22,23,24,28,30,31,34,37,39, in seven other studies (32%) only nulliparous 
women were included25,26,27,29,32,33,36. We included three studies (14%) in which 
parity wasn’t described21,35,38. In three studies (14%) only women were included 
after a term pregnancy19,30,31, in seven studies (33%) both women who delivered 
at term and at preterm were included20,25,33,34,35,36,39. In the other 11 studies (52%) 
it was not reported if women delivered at term or preterm21,22,23,24,26,27,28,29,32,37,38. 
The follow up period of the included studies varied from 5 months to 52 years. An 
overall mean weighted follow up was not calculated, since the follow up periods 
in the different studies were reported as means (+/- SD) or medians (ranges/IQR).

Biomarkers for inflammation

ICAM and VCAM24,25,27,32,33,36.
Five studies with a total of 534 cases and 264 controls were able to be included 
in meta-analyses on ICAM24,27,32,33,36 which showed no significant difference 
in mean ICAM levels in women with a history of hypertensive pregnancy 
disorders compared to women with a history of uncomplicated pregnancy, mean 
difference 11.04ng/ml (95% confidence interval -12.10 - 34.18, p = 0.35). The test 
heterogeneity observed was significant, p= 0.04, I²= 61% (figure A). One study 
described a higher median ICAM level25 in women with a history of hypertensive 
pregnancy disorders compared to women with uncomplicated pregnancy.
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Figure A. ICAM

Figure B. VCAM

Figure C. Homocysteine

Figure D. Fibrinogen

Three studies with a total of 116 cases and 106 controls were able to be included in 
meta-analyses on VCAM which showed no significant difference in mean VCAM 
levels in women with a history of hypertensive pregnancy disorders compared to 
women with a history of uncomplicated pregnancy, mean difference 68.72 ng/ml 
(95% confidence interval -150.86 - -288.29) The test heterogeneity observed was 
significant, p < 0.00, I²= 97% (figure B). One study described a higher median 
VCAM level25 in women with a history of hypertensive pregnancy disorders 
compared to women with uncomplicated pregnancy.
Other non-classic cardiovascular biomarkers in the area of inflammation; IL-6, 
IL-10 and E-selectin, showed a trend of elevated levels in women with a history 
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of hypertensive pregnancy disorders compared to women with a history of 
uncomplicated pregnancy.
Two studies described higher mean IL-6 levels27,33 and one study described a 
higher median IL-6 level31 in women with a history of hypertensive pregnancy 
disorders compared to women with uncomplicated pregnancy. One study described 
a lower median IL-6 level34 in women with a history of hypertensive pregnancy 
disorders compared to women with a history of uncomplicated pregnancy. 
Overall, IL-6 levels were described higher after pregnancy in women with a 
history of hypertensive pregnancy disorders compared to women with a history 
of uncomplicated pregnancy.
One study described a higher mean IL-10 level27 in women with a history of 
hypertensive pregnancy disorders compared to women with uncomplicated 
pregnancy.
One study described a higher mean E-selectin level24 in women with a history 
of hypertensive pregnancy disorders compared to women with uncomplicated 
pregnancy. One study described the same mean E-selectin level32 in women with 
a history of hypertensive pregnancy disorders and women with uncomplicated 
pregnancy. Two studies described higher median E-selectin levels25,39 in women 
with a history of hypertensive pregnancy disorders compared to women with 
uncomplicated pregnancy. Overall, E-selectin levels were described higher 
after pregnancy in women with a history of hypertensive pregnancy disorders 
compared to women with a history of uncomplicated pregnancy.

Biomarkers for thrombosis

Homocysteine, Von Willebrand Factor (VWF) and 
fibrinogen19,20,23,24,26,28,30,31,32,33,34,35,37.
Five studies with a total of 390 cases and 342 controls could be included in meta-
analyses on homocysteine24,28,30,31,37 which showed higher mean homocysteine 
levels in women with a history of hypertensive pregnancy disorders compared 
to women with a history of uncomplicated pregnancy, mean difference 0.77ng/ml 
(95% confidence interval 0.27 to 1.26; p <0.00). The test heterogeneity observed 
was not significant, p= 0.11, I²= 48% (figure C).
Three studies with a total of 473 cases and 209 controls could be included in meta-
analyses on VWF19,26,32 which showed no significant difference in mean VWF 
levels in women with a history of hypertensive pregnancy disorders compared to 
women with a history of uncomplicated pregnancy, mean difference 0.06 ng/ml 
(95% confidence interval -0.05 - 0.17; p = 0.28). The test heterogeneity observed 
was not significant, p = 0.47, I²= 0% (figure C). Two studies described higher 
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VWF median levels23,34 in women with a history of hypertensive pregnancy 
disorders compared to women with uncomplicated pregnancy.
Four studies with a total of 778 cases and 319 controls could be included in meta-
analyses on fibrinogen20,26,32,33 which showed no significant difference in mean 
fibrinogen levels in women with a history of hypertensive pregnancy disorders 
compared to women with a history of uncomplicated pregnancy, mean difference 
0.28 g/L (95% confidence interval -0.02 - 0.59; p = 0.07). The test heterogeneity 
observed was significant, P = 0.02, I²= 70% (figure D). Two studies described 
higher median fibrinogen levels23,35 in women with a history of hypertensive 
pregnancy disorders compared to women with uncomplicated pregnancy.

Other non-classic cardiovascular biomarkers in the area of thrombosis, including 
fibronectin, endothelin, D-dimer, PAI-1 and tPA, showed a trend of elevated levels 
in women with a history of hypertensive pregnancy disorders compared to women 
with a history of uncomplicated pregnancy.
Two studies described higher mean cellular fibronectin levels19,20 in women 
with a history of hypertensive pregnancy disorders compared to women with 
uncomplicated pregnancy.
One study described a higher mean endothelin levels21 in women with a history 
of hypertensive pregnancy disorders compared to women with uncomplicated 
pregnancy. One study described the same mean endothelin level22 in women with 
a history of hypertensive pregnancy disorders and women with uncomplicated 
pregnancy.
One study described a higher mean D-dimer level20 and one study described a 
higher median D-dimer level35 in women with a history of hypertensive pregnancy 
disorders compared to women with uncomplicated pregnancy.
One study described a higher mean PAI-1 level20 and three studies described 
higher median PAI-1 levels23,31,32 in women with a history of hypertensive 
pregnancy disorders compared to women with uncomplicated pregnancy. One 
study described a lower mean PAI-1 level35 in women with a history of hypertensive 
pregnancy disorders compared to women with uncomplicated pregnancy.
One study described a higher mean tPA level32 and two studies described higher 
median tPA levels23,35 in women with a history of hypertensive pregnancy 
disorders compared to women with uncomplicated pregnancy.
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Biomarkers for angiogenesis

Vascular Growth Factors (VEGF), Soluble Fms-like Tyrosine Kinase-1 
(sFLT-1) and TNF-α. 
These non-classic markers in the area of angiogenesis show a trend of elevated 
levels in women with a history of hypertensive pregnancy disorders compared to 
women with a history of uncomplicated pregnancy.
Two studies described higher median VEGF levels29,39 in women with a history 
of hypertensive pregnancy disorders compared to women with uncomplicated 
pregnancy. One study described a higher mean sFlt level29 and one study describes 
higher median sFlt level39 in women with a history of hypertensive pregnancy 
disorders compared to women with uncomplicated pregnancy.
One study described a higher mean TNF-α level27 and one study described a 
higher median TNF-α level38 in women with a history of hypertensive pregnancy 
disorders compared to women with uncomplicated pregnancy. One study described 
a lower median TNF-α level31 in women with a history of hypertensive pregnancy 
disorders compared to women with uncomplicated pregnancy.

Discussion

Main Finding
In this review and meta-analysis we found that most non-classic cardiovascular 
biomarkers, including homocysteine, were higher in women with a history of 
hypertensive pregnancy disorders compared to women with a history 
of uncomplicated pregnancies in the areas of inflammation (ICAM, VCAM,  
IL-6, IL-10, E-selectin), thrombosis (homocysteine, VWF, fibrinogen, fibronectin, 
endothelin, D-dimer, PAI-1, tPA) and angiogenesis (VEGF, sFLT-1, TNF-α).

Strengths and Limitations
This is the first review and meta-analyses that focuses on non-classic cardiovascular 
biomarkers in women with a history of hypertensive pregnancy disorders. We 
used a wide spectrum of search terms to evaluate the most important non-
classic cardiovascular biomarkers. The study selection was carried out without 
language restrictions, and attention was paid to quality assessment by using 
scoring lists and evaluation by multiple investigators, preventing selection bias 
and publication bias.

This review and meta-analyses shows higher levels of non-classic cardiovascular 
biomarkers in women with a history of hypertensive pregnancy disorders. These 
elevated biomarkers suggest endothelial activation in hypertensive pregnancy 
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disorders and cardiovascular disease, inclining towards a shared pathofysiology. 
Our meta-analyses suggest an additional value of one specific biomarker, 
homocysteine, in cardiovascular risk assessment. Guidelines advise treatment 
in women with elevated cardiovascular risk scores and unfavorable classic 
cardiovascular risk factors, such as hypercholesterolemia or diabetes to prevent 
cardiovascular disease later in life52,53. However, until now, no evidence exists 
that treatment of non-classic cardiovascular risk factors is effective in prevention 
of cardiovascular disease in women53. An example is the lack of evidence that, in 
case of elevated homocysteine, folic acid supplementation can result in reduction 
of cardiovascular events44.

This review has some limitations. First, due to the small number of studies 
we were not able to separately analyze women with a history of gestational 
hypertension and women with a history of preeclampsia, which may have 
different pathophysiologies54. Second, studies did not distinguish between severe 
and between preterm and term hypertensive pregnancy disorders, which may 
also differ pathophysiologically55. Third, follow up time after pregnancy differed 
between studies. Fourth, both premenopausal and postmenopausal subjects 
were included in the studies reviewed. Postmenopausal women have a higher 
cardiovascular disease risk compared to premenopausal women. Thus, post 
menopause may have confounded our results, although studies that describe only 
premenopausal women seem to show comparable elevated levels of non-classical 
biomarkers in women with a history of hypertensive pregnancy disorders 
compared to women with a history of uncomplicated pregnancy remained.

Non-classic Cardiovascular Biomarkers

Homocysteine
For thrombotic biomarker homocysteine we found a significantly higher level in 
our meta-analyses for women with a history of hypertensive pregnancy disorders 
compared to women with a history of uncomplicated pregnancies. Homocysteine 
is a biomarker that is linked to the development of atherosclerosis, inflammation, 
and endothelium injury40,41. A large review conducted in 200242 concluded that 
an increase in fasting plasma homocysteine is associated with an increase in the 
incidence of ischemic heart disease and an increase in the incidence of stroke.
Homocysteine is not only a marker for cardiovascular disease, but also for 
hypertensive pregnancy disorders45. A recent study included homocysteine in an 
early prediction model for preeclampsia46. This study concluded that higher levels 
of homocysteine, in combination with elevation of other biomarkers, in the first 
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trimester of pregnancy could predict the onset of the hypertensive pregnancy 
disorders later in pregnancy.
In our review, we included homocysteine levels after hypertensive pregnancy 
disorders. In two studies on homocysteine, it is not completely clear if results 
included fasting homocysteine levels28,31. Since homocysteine levels can be 
influenced by oral intake this could disturb the results of this meta-analyses. 
The higher levels of homocysteine after a pregnancy complicated by hypertension 
can result from already present endothelial alteration or persistent endothelial 
alteration after complicated pregnancy. However, the impact of this finding and 
clinical consequences are unknown.
The effectiveness of lowering of homocysteine levels, by folate acid or vitamine 
suppletion, to prevent cardiovascular disease has been investigated in several 
studies43. A Cochrane Review published in 201344 however failed to evidence to 
sustain this.

Biomarkers for inflammation
For inflammatory biomarkers ICAM and VCAM we found non-significant higher 
levels in our meta-analyses in women with a history of hypertensive pregnancy 
disorders compared to women with a history of uncomplicated pregnancies. For 
all other inflammatory biomarkers we found a trend towards higher levels in 
women with a history of hypertensive pregnancy disorders compared to women 
with a history of uncomplicated pregnancies.
An increase in systemic inflammation can be interpreted as either a cause 
or a result of atherogenesis in cardiovascular disease or both. Systemic 
inflammation induces a heightened state of cardiovascular activity, endothelium 
dysfunction, and induction of adhesion molecules on endothelial cells to which 
recruited inflammatory cells adhere and translocate to the arterial wall. This 
inflammatory process results in macrophage activation with the production of 
cytokines and other inflammatory biomarkers. These inflammatory biomarkers 
include ICAM, VCAM, interleukin-6 and -10. We expected higher levels of 
inflammatory biomarkers in women with a history of hypertensive pregnancy 
disorders compared to women with a history of uncomplicated pregnancies, as 
the inflammatory process is an important part of the pathofysiology of both 
hypertensive pregnancy disorders as of cardiovascular disease48,47. However, we 
only found a nonsignificant trend towards higher inflammatory biomarkers in 
women with a history of hypertensive pregnancy disorders. Limited sample size 
might account for this.
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Biomarkers for thrombosis
For fibrinogen and all other thrombotic biomarkers we found a non-significant 
higher level in our meta-analyses in women with a history of hypertensive 
pregnancy disorders compared to women with a history of uncomplicated 
pregnancies. For all other thrombotic biomarkers we found a trend towards higher 
levels in women with a history of hypertensive pregnancy disorders compared to 
women with a history of uncomplicated pregnancies.
Biomarkers for thrombosis indicate overactivation of thrombotic reactions without 
any blood vessel injury and may result in reduced blood flow, reduced perfusion 
and finally cardiovascular disease. In this review we described established 
biomarkers for thrombosis in women with a history of hypertensive pregnancy 
disorders. Most of these biomarkers are known to be elevated in women with 
preeclampsia and are even used in early prediction of preeclampsia48,49. It has 
been suggested that thrombosis might be a shared pathophysiologic pathway, 
partly explaining the link between hypertensive pregnancy disorders and 
cardiovascular disease later life. However we did not find strong evidence for this 
in our present review.

Biomarkers for angiogenesis
For angiogenic biomarkers we found a trend towards higher levels in women with 
a history of hypertensive pregnancy disorders compared to women with a history 
of uncomplicated pregnancies.
Biomarkers of angiogenesis are suggested to be sensitive markers for cardiovascular 
disease50. Moreover, sFlt-1 is suggested to be a strong predictor of the outcome of 
pregnancies complicated by hypertensive disorders. In this review, however we 
found no strong evidence for altered angiogenesis as the pathophysiologic link 
between hypertensive pregnancy disorders and cardiovascular disease later in 
life.

Conclusion

Women with a history of hypertensive pregnancy disorders show significantly 
higher levels of homocysteine compared to women with a history of uncomplicated 
pregnancy. For biomarkers of inflammation, thrombosis and angiogenesis, we 
found non-significant increases. These findings suggest impaired endothelial 
function that persists after or is even already present before hypertensive 
pregnancy disorders.
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Abstract

Background: Cardiovascular disease is the cause of death in 32% of women in 
the Netherlands. Prediction of an individual’s risk for cardiovascular disease is 
difficult, in particular in younger women due to low sensitive and specific tests 
for these women. 10% to 15% of all pregnancies are complicated by hypertensive 
disorders, the vast majority of which develop only after 36 weeks of gestation. 
Preeclampsia and cardiovascular disease in later life show both features of “the 
metabolic syndrome” and atherosclerosis. Hypertensive disorders in pregnancy 
and cardiovascular disease may develop by common pathophysiologic pathways 
initiated by similar vascular risk factors. Vascular damage occurring during 
preeclampsia or gestational hypertension may contribute to the development of 
future cardiovascular disease, or is already present before pregnancy. At present 
clinicians do not systematically aim at the possible cardiovascular consequences 
in later life after a hypertensive pregnancy disorder at term. However, screening 
for risk factors after preeclampsia or gestational hypertension at term may give 
insight into an individual’s cardiovascular risk profile.

Methods/Design: Women with a history of preeclampsia or gestational 
hypertension will be invited to participate in a cohort study 2.5 years after 
delivery. Participants will be screened for established modifiable cardiovascular 
risk indicators. The primary outcome is the 10-year cardiovascular event risk. 
Secondary outcomes include differences in cardiovascular parameters, SNP’s in 
glucose metabolism, and neonatal outcome.

Discussion: This study will provide evidence on the potential health gains of 
a modifiable cardiovascular risk factor screening program for women whose 
pregnancy was complicated by hypertension or preeclampsia. The calculation of 
individual 10-year cardiovascular event risks will allow identification of those 
women who will benefit from primary prevention by tailored interventions, at a 
relatively young age. Trial registration: The HYPITAT trial is registered in the 
clinical trial register as ISRCTN08132825.
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Background

Cardiovascular disease is the cause of death of 32% of women in the Netherlands1. 
Not all women are at the same risk of cardiovascular disease. Prediction of risk in 
younger women is particularly difficult due to low sensitive and specific tests for 
these women. Identification of individual women at higher risk is a challenge. This 
proposal takes an innovative angle to gain insight in cardiovascular morbidity 
and mortality later in life in women using pregnancy related hypertensive 
complications. Approximately 10% to 15% of all pregnancies are complicated by 
hypertension and largely contribute to maternal and neonatal morbidity and 
mortality worldwide. In the Netherlands it is the largest single cause of maternal 
mortality2. The vast majority of hypertensive disorders present themselves 
after 36 weeks of gestation3. Therefore, we focus in this study on those women 
with pregnancy related hypertensive complications (near) at term (> 36 weeks 
gestation).
The etiology of hypertensive disorders of pregnancy is not fully understood, but 
the causal treatment is delivery of the baby and the placenta. Recently it was 
shown that in women at term with gestational hypertension or preeclampsia 
induction of labor is advisable to avoid progression to more severe disease4. 
However, the health status of these women after pregnancy has been given little 
of any attention in routine clinical practice up to now. Obstetricians and midwifes 
are traditionally completely focused on pregnancy outcome and do not seem to 
bother about the significance of complications of pregnancy for the future health 
of the mother, this is also true for general practitioners.

Recently, data from epidemiologic studies incited the novel concept of pregnancy as 
cardiovascular challenge test; women who have had a pregnancy complicated by 
hypertensive disorders are prone to develop cardiovascular disease in later life5-10. 
In line with this concept is that pregnancy acts as a metabolic and cardiovascular 
stress test for the mother. During pregnancy a failure to meet the physiological 
demands will unmask impaired organ function, e.g. hypertension will arise and 
most often subside after delivery. However, these failures will remanifest in later 
life when the cumulative effects of ageing diminish the reserves of an already 
vulnerable (organ) system5. Jonsdottir et al. examined causes of death in 374 
women with a history of hypertensive complications in pregnancy and noted that 
their death rate from complications of coronary heart disease was significantly 
higher than expected from analysis of population data11.
This concept is further supported by case-control studies by others and ourselves, 
demonstrating that women with a history of early preeclampsia have higher 
circulating concentrations of fasting insulin, lipid and coagulations factors 
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post partum than controls matched for body mass index12-13. These changes in 
vascular risk markers in women with a history of preeclampsia are part of the 
spectrum of the metabolic syndrome. The metabolic syndrome is hypothesised 
to be a key factor underlying cardiovascular disease and in particular coronary 
heart disease.

The mechanism of the link between preeclampsia and cardiovascular disease 
has not been clarified. Hypertensive disorders in pregnancy and cardiovascular 
disease may develop by common pathophysiologic pathways initiated by similar 
risk factors. Permanent vascular damage may occur during preeclampsia or 
gestational hypertension and subsequently contributes to the development of 
cardiovascular disease in later life, or cardiovascular disease is already present 
before pregnancy. However, determinants or risk indicators to be measured after 
pregnancy which would predict cardiovascular disease are lacking. Such risk 
indicators may identify women at risk at an early stage for them to benefit from 
intervention.

The concept described above is based on studies focusing on early, severe 
preeclampsia, which is a relatively rare disorder14, while preeclampsia at (near) 
term is mostly mild and more common (75% of cases)15. Therefore, prospective 
evaluation of those women is required to identify cardiovascular risk indicators 
after hypertensive pregnancy complications at term, with the eventual aim to 
offer these women the opportunity for primary prevention at a relatively young 
age16.

We propose a cohort study to establish whether women with gestational 
hypertension or preeclampsia at term are at increased risk for cardiovascular 
disease in later life, and if these women are likely to benefit from tailored 
preventative interventions directed at modifiable cardiovascular risk indicators 
at a relative young age.

Methods/Design

Aims
The aim of this study is to identify modifiable risk indicators for future 
cardiovascular disease 2½ years postpartum in women with (near) term 
preeclampsia or gestational hypertension. The proposed research concerns a 
multi-centre cohort study in women who had a pregnancy complicated by mild 
preeclampsia or gestational hypertension (near) at term which is recently 
published4. This study will provide insight on the health costs and benefits of a 
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screening program for all women with hypertensive complications at term. This 
study is embedded in a Dutch Obstetric Consortium in the Netherlands. Almost 
all obstetric centres nationwide participate in this structure, including academic 
hospitals, non-academic teaching hospitals and non-teaching hospitals.

Participants: Exposed
In this study women who had preeclampsia or gestational hypertension at term, 
who participated in the HYPITAT study, will be eligible for the follow up study 
2½ years after their delivery. The HYPITAT study was a national randomised 
clinical trial in which women 18 years of age or older with gestational hypertension 
or mild preeclampsia at (near) term were included. Eligible were women with a 
singleton pregnancy in cephalic presentation and a gestational age between 36+0 
and 41+0 weeks, whose pregnancy was complicated by gestational hypertension 
or mild preeclampsia. Gestational hypertension was defined as diastolic blood 
pressure equal to or above 95 mmHg measured at two occasions at least six 
hours apart in a woman who was normotensive at the start of pregnancy until 
week 20 of gestational age. Mild preeclampsia was defined as diastolic blood 
pressure equal to or above 90 mmHg measured at two occasions at least six hours 
apart combined with proteinuria. Proteinuria was defined as ≥ 2+ protein on 
dipstick, > 300 mg total protein in a 24 hour urine collection and/ or protein/ 
creatinine ratio > 30 mg/mmol. Exclusion criteria were severe gestational 
hypertension or severe preeclampsia, defined as diastolic blood pressure ≥ 110 
mmHg, systolic blood pressure ≥ 170 mmHg and/ or proteinuria ≥ 5 gram in 24 
hours, pre-existing hypertension treated with antihypertensive drugs, diabetes 
mellitus, diabetes gravidarum requiring insulin therapy, renal disease, heart 
disease, previous caesarean section, HELLP syndrome, oliguria < 500 milliliter 
in 24 hours, pulmonary edema or cyanosis, HIV seropositivity, use of intravenous 
anti-hypertensive medication, fetal anomalies, intra-uterine growth restriction 
and abnormalities at the fetal heart rate (FHR) –monitoring. Participants were 
randomly allocated to induction of labour or expectant monitoring (n=1162)4.
Women at study entry (randomisation) were inquired for a follow up 2 years after 
delivery, the hypertension risk assessment study (HyRAS).

Participants: Non-exposed
All exposed women will be asked to invite a friend as control. These women are 
required to have a history of one (or multiple) uncomplicated pregnancy (ies). 
This method will be used because of expected similar age and similar potential 
environmental exposures (i.e. socio-economic status). The non-exposed undergo 
the same procedure as the exposed at the local centre. Relatives of the exposed or 
of her partner will not be accepted in the non exposed group.
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If the recruitment of non-exposed subjects in the method described above is not 
sufficient, the non-exposed group will be extended by approaching women with 
a history of at least one uncomplicated pregnancy in midwifery practices from 
three different locations in the Netherlands (Groningen, Leiden and The Hague).

Ethical approval
The Hyras and HYPITAT studies were approved both primarily for all 
participating hospitals in The Netherlands by the medical ethics committee of 
Leiden University Medical Centre (HYPITAT: P04·210) and locally by the hospital 
board of the participating hospitals. The clinical trial registration number of the 
HYPITAT trial is: ISRCTN08132825.

Procedures, recruitment and collection of baseline data
Women who participated in the HYPITAT study will be contacted by the research 
nurses 2½ years after delivery (study entry date) and they will be invited to 
participate in the HyRAS study in their local centre. Before entry into the study 
the research nurse or midwife counsels the patients, asks informed consent and 
emphasizes that participation is voluntarily. Patients who decide not to participate 
in this study for complete follow up will be asked to fill out the questionnaire to be 
analyzed separately. This questionnaire includes medical history, psychological 
status, social status, use of medication, contraceptive methods, obstetric history, 
and family history including thrombosis, diabetes and cardiovascular disease. 
Furthermore, pregnancy and lactation are exclusion criteria’s for risk factor 
screening and those women will be asked to only fill out the questionnaire and 
participate for risk factor screening (blood samples, urine collection and blood 
pressure, length, weight and anthropometrics measurement) 3 months after the 
delivery or lactation, with an extension to 12 months after the original study 
entry date.

After enrollment exposed and non-exposed subjects will be asked to fill out a 
questionnaire and will be invited for risk indicator screening (blood samples, urine 
collection and blood pressure, length, weight and anthropometrics measurement). 
Venous blood samples will be taken after an overnight fast for analysis of lipids 
and lipoproteins, insulin, glucose and high sensitive CRP. Urine will be collected 
immediately after waking up for microalbuminuria. After centrifuging the blood 
samples for 9 minutes at 3000 bpm at the local centre, all samples will be sent to 
the same laboratory (Medical Centre Haaglanden, the Hague, the Netherlands) 
and analyzed within 24 hours. Plasma will be prepared and stored at -70 °C in 
1.5 mL volumes until used. DNA will be isolated from leukocytes and stored 
at -20 °C. Blood pressure will be measured manually in sitting position at the 
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right upper arm. Body height (cm) and –weight (kg) will be measured with the 
participant dressed in light underclothes wearing shoes (except high heels) and 
waist circumference (cm) will be measured on uncovered skin using an inelastic 
tape measure with the participant in upright position, halfway between the rib 
cage and the pelvic bone. Hip circumference will also be measured.

Data- collection will be centralized and processed with adequate precautions to 
ensure patient confidentially. With the participant’s informed consent, the study 
results will be sent to the general practitioner. Participants will also be informed 
on the results by mail, and in case of abnormal results it will be recommended to 
contact the general practitioner for evaluation or treatment.

Outcome measures
Primary outcome measure
The primary outcome measure will be the 10- year cardiovascular event risk. An 
absolute 10-year cardiovascular risk (fatal and non-fatal) of > = 10% as estimated 
with the SCORE risk function, will be considered as elevated risk. In addition, 
risk will be calculated using the Adult Treatment Panel III risk score, Reynolds 
Risk Score and QRISK.

Secondary outcome measure
Secondary outcomes will be differences between exposed and non-exposed subjects 
in cardiovascular parameters, differences in SNP’s in glucose metabolism, and 
neonatal outcome 2 ½ years after pregnancy complicated by preeclampsia and 
gestational hypertension. Neonatal outcome includes neurological development 
and development of motor skills at the age of 2½ years. We will use a parental 
questionnaire (the Child Behaviour Checklist (CBCL) and ages and stages 
questionnaire (ASQ)). The health costs and benefits of a screening program for 
women with hypertensive complications at term will be analyzed.

Statistical issues
Sample size
Due to the young age of our participants, the estimated absolute 10-year 
cardiovascular risk is likely to be low. Therefore, the approach taken for each 
woman is to estimate the risk as if the woman was 60 years of age. This approach 
has been recommended in the cardiovascular risk factor management guidelines 
for young women with elevated risk factor levels. We plan to include women in 
3:1 ratio, i.e. three women who had hypertension in pregnancy as compared to 
1 control. A sample size of 414 women (310 exposed, 104 non exposed) is sufficient 
to demonstrate a risk increase from 5% to at least 15% (sided alpha.05. power 
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80%). This estimate is in line with our earlier studies showing a risk estimate > 
= 10% in over 30% of the early preeclampsia women17.

Data analysis
All data are primarily analyzed to investigate the costs and potential health 
benefits of a screening program in order to assess if this screening programme 
is justified for all women with hypertensive pregnancy complications at term. In 
order to investigate the association between hypertensive disorders in pregnancy 
and maternal cardiovascular status Mann Whitney U tests or where indicated 
Chi-square will be used for comparisons between groups (exposed vs. non-exposed). 
Analysis in subgroups (i.e. gestational hypertension and preeclampsia) will be 
performed. Logistic regression analyses will be done with the maternal scores as 
dependent variables and the metabolic status, obstetric history, cardiovascular 
risk factors, diabetes risk factors and as independent variables.

Discussion

Cardiovascular disease is the main cause of death of women in the Netherlands. 
In this study we will identify women that may be at higher risk for cardiovascular 
disease by their pregnancy complication: hypertensive pregnancy disorders at 
(near) term. Gestational hypertension and preeclampsia at (near) term are 
very common complications in pregnancy. Data concerning long term effects 
of pregnancies complicated by a hypertensive disorder at (near) term on 
cardiovascular disease are lacking for these women. Most studies concerning 
the effect of hypertensive disorders in pregnancy and cardiovascular disease in 
later life studied women who had severe early-onset preeclampsia, which is a rare 
disorder. Therefore, we conduct present study, which will provide evidence for 
the necessity of screening women on cardiovascular risk factors 2½ years after a 
pregnancy complicated by term gestational hypertension or preeclampsia.
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Abstract

Objective: The purpose of this study was to determine cardiovascular risk 
factors in women with a history of hypertensive pregnancy disorders at term, 
2.5 years after pregnancy.

Study Design: In a multicenter cohort study in the Netherlands between June 
2008 and November 2010, cardiovascular risk factors were compared between 
women with a history of hypertensive pregnancy disorders at term (HTP cohort, 
n=306) and women with a history of normotensive pregnancies at term (NTP 
cohort, n=99). HTP women had participated in a randomized, longitudinal trial 
assessing the effectiveness of induction of labor in women with hypertensive 
pregnancy disorders at term. All women were assessed 2.5 years after pregnancy 
for blood pressure, anthropometrics, glucose, HbA1C, insulin, HOMA score, 
total cholesterol, HDL cholesterol, triglycerides, high sensitive CRP and micro-
albumin and metabolic syndrome.

Results: After a mean follow-up period of 2.5 years, hypertension (HTP, 34%; 
NTP, 1%; P<.001) and metabolic syndrome (HTP, 25%; NTP, 5%; P<.001) were 
more prevalent in HTP women compared with NTP women. HTP women had 
significantly higher systolic and diastolic blood pressure, higher BMI and 
waist circumference. Glucose, HbA1C, insulin, HOMA score, total cholesterol, 
triglycerides and high sensitive CRP-levels were significantly higher and HDL 
cholesterol was significantly lower in HTP women.

Conclusions: In women with a history of hypertensive pregnancy disorders at 
term hypertension and metabolic syndrome are more common, and they have 
higher levels of biochemical cardiovascular risk factors 2.5 years after pregnancy.
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Introduction

Cardiovascular disease (CVD) is the leading cause of death in women in the 
Western world.1 Heart disease symptoms in women are different from symptoms 
in men and diagnostic tools in women seem to be less sensitive and specific than 
for men.2

Hypertensive disorders are common complications of pregnancy.3 Observational 
studies have shown a relation between hypertensive disorders in pregnancy and 
CVD morbidity and mortality later in life.4-10 This suggests that hypertensive 
disorders in pregnancy share common risk factors and pathophysiological 
pathways.11;12 The exact underlying link between hypertensive pregnancy 
disorders and future CVD remains unclear. It has been suggested that pregnancy 
can potentially be looked upon as a “stress test”, unmasking underlying defects, 
thus identifying women at a young age at increased risk for cardiovascular 
events.13 Determining cardiovascular risk factors in women who respond to this 
“stress test” with transient hypertension could be an opportunity for identifying 
high-risk women for early prevention of modifiable cardiovascular risk factors.14;15 
Until now, most studies have focused on severe preterm preeclampsia, which is 
a rare disease. Most hypertensive disorders develop after 36 weeks of gestation. 
Therefore, we conducted a follow-up study of a randomized controlled trial in 
The Netherlands to assess cardiovascular risk factors in women with a history 
of hypertensive pregnancy disorders at term 2.5 years after their complicated 
pregnancy.

Materials and Methods

Ethics Statement
The follow-up study, was approved by the Institutional Review Board of the 
University of Leiden and locally approved by the hospital board of the participating 
hospitals. The study protocol has previously been published.16 The current study 
is a follow-up study of the HYpertension and Preeclampsia Intervention Trial At 
Term, the HYPITAT study (trial registration: ISRCTN08132825).17

Participants

Hypertension in pregnancy cohort (HTP cohort)
Between October 2005 and March 2008 the HYPITAT study,17 a multicenter, 
parallel, open-label randomized controlled trial of induction of labor versus 
expectant management, included women with gestational hypertension or 
preeclampsia at term (N=1153). At baseline (randomization), these women 
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consented to be contacted 2.5 years after their delivery to participate in the 
follow-up study.

The HYPITAT study
The HYPITAT study evaluated whether induction of labour improved maternal 
outcome in women with gestational hypertension or preeclampsia at term and 
included women with a singleton pregnancy at a gestational age between 36+0 
and 41+0 weeks. The diastolic blood pressure thresholds for inlcusion in the 
HYPITAT study differed between gestational hypertension and preeclampsia 
as diastolic blood pressure of 90 mmHg without proteinuria was discussed and 
considered too mild and trivial for inclusion in the HYPITAT trial. Therefore, 
gestational hypertension was defined as a diastolic blood pressure of 95 mmHg 
or higher measured on two occasions at least six hours apart without proteinuria. 
Preeclampsia was defined as diastolic blood pressure of 90 mmHg or higher 
measured on two occasions at least six hours apart, combined with proteinuria 
(two or more occurrences of protein on a dipstick, > 300 mg total protein within a 
24 hours urine collection, or ratio of protein to creatinine > 30 mg/mmol).

Other exclusion criteria included: antihypertensive medication use for chronic 
hypertension, diabetes mellitus, gestational diabetes treated with insulin, renal 
disease, heart disease, previous caesarean section, hemolysis elevated liver 
enzymes and low platelets syndrome (HELLP), oliguria of less than 500 mL per 
24 hours, pulmonary edema or cyanosis, human immunodeficiency virus (HIV), 
use of intravenous antihypertensive medication, fetal anomalies, intrauterine 
growth restriction (IUGR), and abnormal fetal- heart rate monitoring.
In the HYPITAT study, which was analysed according intention to treat, 
women allocated to expectant monitoring were induced if they developed severe 
preeclampsia. Patients who refused randomization were analyzed separately 
after informed consent as non-randomized patients.

The follow-up study
From June 2008 until November 2010, women who had participated in the 
HYPITAT study were invited to participate in a longitudinal, follow-up study 
assessing cardiovascular risk factors 2.5 years after pregnancy. We used a follow-
up period of 2.5 years as this time interval allows using pregnancy as a stress test 
to identify young women who are at high risk for cardiovascular disease in later 
life. Furthermore, 2.5 years is long enough to ensure that pregnancy and lactation 
have no influence on biochemical cardiovascular risk factor levels. Three academic 
hospitals and 17 non-academic hospitals across four geographical regions in the 
Netherlands (Leiden, Groningen, Amsterdam, Brabant) participated.
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Normotensive pregnancy cohort (NTP cohort)
The NTP women were either friends of the HTP women or women from 
midwifery practices. NTP women were required to have had only uncomplicated 
normotensive pregnancies. Exclusion criteria for the NTP cohort included HELLP, 
gestational hypertension, preeclampsia, pre-existing hypertension, (gestational) 
diabetes, premature delivery, delivery of a neonate with intra uterine growth 
restriction (below the 5th percentile), renal disease, heart disease, and HIV. 
Initially, we asked HTP women if they had a friend who had given birth in the 
same period as the HTP woman and who could function as NTP woman. We 
assumed that friends would be similar in terms of age, demographic region, and 
ethnic origin. If an HTP woman did not have a friend who could function as 
NTP woman, we searched for a NTP woman in a midwifery practice of the same 
demographic region and matched for elapsed time since delivery. It is common 
practice in The Netherlands for women with no medical history or obstetrical 
history to have their antenatal care provided by a midwife. Data were collected 
from their medical records in midwifery practices. We collected and reviewed 
the NTP women’s blood pressure measurements, maternal and fetal outcomes 
of index and previous pregnancies and deliveries in thorough detail. Relatives of 
the HTP women were excluded from the NTP cohort. Furthermore, women who 
were pregnant or lactating within the last three months were excluded from our 
study (n=101).

Follow-up Study Procedure and Cardiovascular Risk Factor 
Assessment
The study protocol has been previously published.16 We refer to the supplement for 
a detailed description of the risk factor assessment methods and the laboratory 
methods.
In short, local research nurses counseled the participants, obtained written 
informed consent, monitored the study protocol in each center and collected the 
data. After enrollment all participants were invited for cardiovascular risk factor 
assessment, including blood pressure measurement, weight, height, and hip 
and waist circumference. Furthermore, all participants were asked to complete 
a questionnaire. This questionnaire included: medical history, current use of 
medication, obstetric history, subsequent pregnancy after index pregnancy and 
family history, including CVD.
Venous blood samples were collected after an overnight fast and assayed for: 
glucose, HbA1c, insulin, total cholesterol, HDL cholesterol, triglycerides and 
HsCRP. Insulin resistance was assessed by the homeostasis model assessment 
(HOMA): insulin concentration/ (22.5 e-ln glucose concentration).18 Urine was 
collected immediately after waking up for assessment of micro-albuminuria. 
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After immediately centrifuging, the blood and urine samples were sent to a 
central laboratory in the Netherlands (Medical Center Haaglanden, The Hague, 
The Netherlands) and were analyzed within 36 hours after blood drawing.

Definitions

Hypertension 2.5 years postpartum was defined as systolic blood pressure 
≥ 140 mmHg, or a diastolic blood pressure ≥ 90 mmHg or current use of 
antihypertensive medication. Major independent risk factors were defined 
according to the American Heart Association, including blood pressure 
≥ 140/90 mmHg, HDL cholesterol < 40 mg/dL, current smoking (%) and a family 
history of early cardiovascular disease (%)19. Metabolic syndrome was defined as 
waist circumference ≥ 80 cm. plus any two of raised triglycerides (> 150 mg/dL), 
reduced HDL cholesterol (< 50 mg/dL), raised blood pressure (systolic ≥ 130 mmHg 
and diastolic ≥ 85 mmHg), treatment of previously diagnosed hypertension, raised 
fasting plasma glucose (≥ 100 mg/dL) or previously diagnosed type 2 diabetes.20

Sample size considerations

Our power analysis was based on individual risk estimation based on the 
Framingham Heart Study,21 rather than on cardiovascular risk factors alone.22 
Due to the young age of our participants, the estimated absolute 10-year 
cardiovascular risk was likely to be low. Therefore, our approach was to estimate 
the risk for each woman as if the woman was 60 years old. This approach has 
been recommended in the cardiovascular risk factor management guidelines for 
young women with elevated risk factor levels.23

For detecting an estimated absolute 10-year cardiovascular risk difference 
between the HTP and NTP cohorts of 10% increase after extrapolation, we needed 
a sample size of 456 women for 80% power and a 5% type 1 error probability 
(two sided), for inclusion in 3:1 ratio (3 HTP: 1 NTP). This method was used 
according to an earlier study performed in severe early PE.22 According to earlier 
studies24-26 we expected a homogeneous effect with low prevalence of unfavorable 
cardiovascular risk factors in NTP women. Therefore, we have used a 3:1 inclusion 
ratio instead of 1:1 as we assumed that including more NTP women in 1:1 ratio 
would have no additional value in this study as a result of homogeneous outcome 
of cardiovascular risks.
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Statistical Analysis

Data were analyzed using SPSS software (version 18.0). Baseline continuous 
data are expressed as means and standard deviations (SD) or as medians with 
25th – 75th percentile (IQR) for the not normally distributed values; dichotomous 
data are presented as numbers and percentages. Differences between groups 
were tested with the Student’s t test and categorical data with the Chi-squared 
test (X2 test). Comparisons of continuous data with a skewed distribution were 
performed using the non-parametric Mann-Whitney U test. We used logistic 
regression analyses and results were reported as odds ratios with corresponding 
95% confidence intervals. We made adjustments for potential confounders, 
where appropriate, i.e. parity, BMI, smoking and age at follow-up and BMI at 
booking, systolic and diastolic blood pressure at booking and parity at booking. 
Furthermore, we performed a multi-center analysis which resulted in an intra-
class correlation coefficient (ICC) of 2-4%. Therefore, we did not use a multi-
level model for our analyses. For all tests, a p-value <0.05 indicated statistical 
significance.

Results

Between June 2008 and November 2010, 306 women with a history of 
gestational hypertension or preeclampsia at term and 99 women with a history of 
uncomplicated normotensive pregnancies at term were included in the follow-up 
study.
Of the 751 eligible HTP women for the 2.5 year follow-up study, 168 women 
refused participation, 175 women were lost to follow-up and 101 pregnant or 
lactating women were excluded. One woman died in a car accident. The NTP 
cohort consisted of 40 women who were friends of the HTP women and 59 women 
who were identified from midwifery practices.

Baseline characteristics of the subjects are shown in Table 1. At index pregnancy, 
HTP women were more often nulliparous, had higher BMI at booking, higher 
systolic and diastolic blood pressures at booking, lower gestational age at delivery 
and lower birth weight compared with NTP women.
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Table 1. Baseline characteristics at index pregnancy.
Characteristic NTP cohorta 

(n=99)
HTP cohortb 

(n=306)
P value

Maternal age, years 31 (4.5) 31 (5.1) .70
Ethnic origin: Caucasian 94 (95%) 273 (89%) .15
Other 5 (5%) 30 (10%)
Unknown 0 (0%) 3 (1%)
Nulliparous 30 (30%) 211 (69%) <.001
Systolic blood pressure at booking, mmHg 113 (11) 120 (12) <.001
Diastolic blood pressure at booking, mmHg 66 (7.6) 73 (9.0) <.001
Body mass index at booking, kg/m2 24 (4.2) 26 (4.9) <.001
Gestational age at delivery, weeks 39.9 (1.2) 39.4 (1.3) <.001
Birth weight, grams 3630 (465) 3395 (519) <.001
Table shows mean (SD) or number (%). Differences between groups were tested with the Student’s 
t test and categorical data with the Chi-squared test (X2 test).
a NTP= normotensive term pregnancy
b HTP= hypertensive disorder in term pregnancy

At the 2.5 year follow-up study, HTP women were found to use more 
antihypertensive medication, had higher BMI, higher systolic and diastolic blood 
pressures and higher waist circumferences compared with NTP women. There 
were no significant differences in maternal age, elapsed time since delivery or 
smoking rates (Table 2).

Table 2. Outcome characteristics at 2.5 years follow-up.
Characteristic NTP cohorta 

(n=99)
HTP cohort b 
(n=306)

P value

Maternal age at follow up, years 34 (4.7) 34 (5.2) .67
Time elapsed since delivery, days 965 (387) 921 (161) .11
Primiparous 30 (30%) 123 (40%) .04
Antihypertensive medication use 0 (0%) 29 (9%) <.001
Systolic blood pressure at follow up, mmHg 110 (9.3) 124 (13) <.001
Diastolic blood pressure at follow up, mmHg 72 (8.8) 82 (9.6) <.001
Body mass index at follow up, kg/m2 24 (4.6) 28 (5.5) <.001
Waist circumference, cm. 81 (12) 90 (13) <.001
Hip circumference, cm. 104 (11) 109 (12) <.001
Smoking 19 (19%) 60 (20%) .89
Table shows mean (SD) or number (%). Differences between groups were tested with the Student’s 
t test and categorical data with the Chi-squared test (X2 test).
a  NTP= normotensive term pregnancy
b  HTP= hypertensive disorder in term pregnancy

Table 3 shows biochemical cardiovascular risk factors 2.5 years after index 
pregnancy in HTP and NTP women. Fasting blood glucose, HbA1c, insulin, 
HOMA scores, total cholesterol, triglycerides and HsCRP were all significantly 
higher in HTP compared with NTP women. HDL cholesterol was significantly 
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lower in HTP women. We found higher micro-albumin levels in urine in HTP 
women, however this difference was not significant (P= 0.06).

Table 3. Biochemical cardiovascular risk factors 2.5 years after pregnancy.
Biochemical cardiovascular risk 
factor

NTP cohorta 
(n=99)

HTP cohortb 
(n=306)

P value

Microalbumin urinec, mmol/L 4.0 (3.0-8.0) 5.0 (3.0-10.0) .06
Fasting blood glucosed, mg/dL 85 (79-88) 85 (81-92) .01
HbA1ce, % 5.3 (5.1-5.5) 5.3 (5.1-5.6) .04
Insulinf, mU/L 2.9 (2.0-5.0) 4.4 (2.0-7.6) .003
HOMA scoreg 0.6 (0.4-1.0) 1.0 (0.4-1.6) .001
HsCRPh, mg/L 0.9 (0.4-2.2) 2.2 (1.0-5.0) <.001
Total cholesteroli, mg/dL 178 (151-197) 182 (162-207) .02
HDL cholesterolj, mg/dL 56 (50-63) 54 (46-62) .03
Triglyceridesj, mg/dL 63 (48-91) 81 (58-110) <.001
Table shows median (interquartile range 25th to 75th percentile). Differences were tested with the 
non-parametric Mann-Whitney U test.
aNTP= normotensive term pregnancy, bHTP= hypertensive disorder in term pregnancy, cmissing 
data of 6 NTP women and 9 HTP women, dmissing data of 11 NTP women and 15 HTP women, 
emissing data of 6 NTP women and 14 HTP women, fmissing data of 9 NTP women and 24 HTP 
women,gmissing data of 11 NTP women and 25 HTP women, hmissing data of 7 NTP women and 
10 HTP women, imissing data of 5 NTP women and 5 HTP women, jmissing data of 5 NTP women 
and 4 HTP women. The majority of missing data was caused by the fact that urine and blood 
samples were only processed within 36 hours after sampling. Samples which arrived after this 
period were cancelled for analysis.

The prevalence of four major cardiovascular risk factors and the prevalence of 
multiple major cardiovascular risk factors and metabolic syndrome in HTP and 
NTP women are summarized in Table 4. The adjusted odds ratio of HTP women 
for hypertension 2.5 years postpartum was 48. On the contrary, there were no 
significant differences between HTP and NTP women in the other three major 
independent risk factors: HDL cholesterol, currently smoking or family history 
of early cardiovascular disease. Multiple risk factors were present in 18% of the 
HTP women compared with 7% of NTP women (P= 0.01), including 4% of HTP 
women with three or more independent risk factors compared to 0% in NTP 
women. Metabolic syndrome was found in 25% of HTP and in 5% of NTP women; 
OR 6.0 (95% CI 2.3 to 15.3) even after adjustment for maternal age and after 
adjustment for baseline differences.

Surprisingly, we found a prevalence of chronic hypertension of 34% in the 
HTP cohort 2.5 years postpartum, of which 29 women (28%) had started 
antihypertensive medication at 2.5 years after pregnancy. This unexpected high 
prevalence might partially be explained by inclusion in the HYPITAT study 
of some women with chronic hypertension, which was initially masked by the 
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physiological fall of blood pressure in early pregnancy. Therefore, we performed 
sub-analyses and divided the HTP cohort in ‘MAP at booking and blood pressure 
at booking’ subgroups. As can be seen from table 5, even when we studied the 
subgroup of women who had a blood pressure of <120/70 mmHg at booking, the 
probability of hypertension after 2.5 years was still as high as 27%. 94 HTP 
women (31%) had developed severe hypertensive disease during their index 
pregnancy.

Table 4. Major independent cardiovascular risk factors, multiple risk factors and 
metabolic syndrome.
Independent CVD 
Risk Factor and 
Metabolic Syndrome

NTP 
cohorta 

(n=99)

HTP 
cohortb

(n=306)

Unadjusted 
OR (95% CI)

Adjusted 
OR1

(95% CI)

Adjusted 
OR2

(95% CI)

P value

Blood pressurec, 
≥ 140/90 mmHg

1
(1%)

105
(34%)

51.5
(7.1 to 374)

47.5d

(6.5 to 350)
36.4
(4.8 to 276)

<.001

HDL cholesterole, 
< 40 mg/dL

10
(11%)

37
(12%)

1.2
(0.6 to 2.5)

0.8d

(0.3 to 1.8)
1.1
(0.4 to 2.8)

0.53

Current smokingf, % 19
(19%)

60
(21%)

1.1
(0.6 to 1.9)

1.01g

(0.6 to 1.1)
1.1
(0.5 to 2.1)

0.98

Family history, early 
CVDh, %

11
(11%)

48
(16%)

1.6
(0.8 to 3.1)

1.7g

(0.8 to 3.5)
2.0
(0.9 to 4.2)

0.15

≥ 1 independent risk 
factor i

32
(34%)

184
(61%)

3.0
(1.9 to 4.9)

3.2j

(1.9 to 5.3)
2.7
(1.5 to 4.9)

<.001

≥ 2 independent risk 
factors i

7
(7%)

54
(18%)

2.7
(1.2 to 6.2)

3.1j

(1.3 to 7.5)
3.0
(1.0 to 9.0)

0.01

Metabolic syndromek 5
(5%)

73
(25%)

6.0
(2.3 to 15)

5.9 l

(2.3 to 15)
3.3
(1.2 to 9.1)

<.001

Table shows number (%) and odds ratio (OR) with corresponding 95% confidence intervals (95% 
CI).
We used logistic regression analyses; we made adjustments for potential confounders 2.5 years 
after pregnancy (= adjusted OR1) inlcuding parity, BMI (continuous variable), smoking and age at 
follow-up and we made adjustment for differences at baseline (= adjusted OR2) including BMI at 
booking, systolic and diastolic blood pressure at booking and parity at booking.
aNTP= normotensive term pregnancy, bHTP= hypertensive disorder in term pregnancy. cMissing 
data of 1 HTP woman, d adjusted for age, BMI, parity and smoking, eMissing data of 5 NTP women 
and 4 HTP women,fMissing data of 1 NTP women and 13 HTP women, gAdjusted for age, hmissing 
data of 1 NTP women and 14 HTP women, imissing data of 5 NTP women and 4 HTP women, 
jadjusted for age and parity, kmissing data of 4 NTP women and 14 HTP women, ladjusted for age, 
parity and smoking. The majority of missing data was caused by the fact that urine and blood 
samples were only processed within 36 hours after sampling. Samples which arrived after this 
period were cancelled for analysis.
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Table 5. Prevalence of hypertension per blood pressure subgroup 2.5 years’ postpartum
Cutoff value for subgroup based on blood pressure at booking in index pregnancy
MAPa at booking
≥ 100 mmHg

Criterion Yes No
No of women (%) 35 (11%) 271 (89%)
Prevalence of hypertension 
2.5 years postpartum

57% 32%

MAPa at booking
≥ 90 mmHg

Criterion Yes No
No of women (%) 147 (48%) 159 (52%)
Prevalence of hypertension 
2.5 years postpartum

44% 25%

Blood pressure at booking
≥ 130/75 mmHg

Criterion Yes No
No of women (%) 167 (55%) 139 (45%)
Prevalence of hypertension 
2.5 years postpartum

44% 23%

Blood pressure at booking
≥ 120/70 mmHg 

Criterion Yes No
No of women (%) 251 (82%) 55 (18%)
Prevalence of hypertension 
2.5 years postpartum

36% 27%

Table shows number (%). 
a MAP = Mean Arterial Pressure.

Comment

The main finding of the follow-up study is that women with a history of gestational 
hypertension or preeclampsia at term have a high risk of hypertension 2.5 years after 
their pregnancy. Additionally, women with a history of gestational hypertension 
or preeclampsia at term exhibit more cardiovascular risk factors 2.5 years 
after their pregnancy compared with women with a history of uncomplicated 
normotensive pregnancies. They have higher waist circumferences, higher BMI, 
higher systolic and diastolic blood pressures, a higher prevalence of metabolic 
syndrome and higher levels of biochemical risk factors, including glucose, HbA1c, 
insulin, insulin resistance (HOMA), total cholesterol, triglycerides and HsCRP 
and lower levels of HDL cholesterol 2.5 years postpartum compared with women 
with a history of normotensive pregnancies.

Our results after hypertensive pregnancy disorders at term are in line with 
results from previous studies. These studies reported higher blood pressure, 
higher BMI, higher concentrations of lipids and insulin resistance in women 
with previous hypertensive pregnancy disorders.7;24;27-46 However, previous 
studies included only women with severe preterm preeclampsia29;36;37 gestational 
age was not reported,27;28;38;39;41;42;45 nor was distinction made between preterm 
preeclampsia and term preeclampsia.24;32-34;38;40;43;44;46 This makes it difficult 
to draw a conclusion about the association of hypertensive disorders in term 
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pregnancy and the presence of cardiovascular risk factors after pregnancy. In 
literature, two other studies have determined cardiovascular risk factors after 
“mainly” term hypertensive pregnancy disorders.34;43 These studies showed 
similar results to our study, despite the fact that both studies are small (N= 43 
and N= 30, respectively). Differences between our study and previous studies can 
be explained by differences in follow-up periods, study population, e.g. nulliparous 
and multiparous women, or chronic hypertension. While other studies, which 
mostly included women with severe preterm preeclampsia, found significantly 
higher microalbumin levels postpartum compared to control subjects (mean 
difference 8.55, 95% CI 2.11-14.98)47, we showed a trend towards higher micro 
albumin levels in HTP women compared to NTP women (p=.06). Due to the 
sample size, our finding did not reach statistical significance.
We found an unexpected high prevalence of hypertension 2.5 years postpartum 
in the HTP cohort, namely 34% compared with 1% in the NTP cohort. The 
high prevalence was unexpected; especially because women with preexisting 
hypertension with antihypertensive medication use (before index pregnancy) 
were excluded from our study. Due to physiological blood pressure reduction in 
the first trimester, inclusion of women with (sub) clinical chronic hypertension 
without the use of antihypertensive medication might explain, at least partly, 
the high prevalence of hypertension 2.5 years postpartum in our study. However, 
the prevalence of chronic hypertension 2.5 years postpartum in the lowest blood 
pressure at booking subcategory ≤ 130/75 mmHg was still as high as 23% and 
thus of clinical interest. We assumed that women with a blood pressure at booking 
below 130/75 mmHg do not suffer chronic hypertension.Another consideration is 
that we performed the follow-up of only 306 HTP women (27% of the HYPITAT 
cohort (N=1153)), which might have resulted in selection bias. The selection 
bias might result in an overestimation of the prevalence of chronic hypertension 
in HTP women. However, the fact that women who were not included in the 
follow-up study had higher diastolic blood pressures at booking compared to 
included women argues against overestimation of chronic hypertension in HTP 
women. Women who were included in the follow-up study were significantly 
older at baseline compared to women who were not included. All other baseline 
characteristics were comparable between included and non-included women (data 
not shown). If the resulting 847 women, who were not included in the follow-up 
study, would all have been normotensive 2.5 years postpartum, we would have 
introduced the most extreme selection bias. Even then, the minimum detection 
rate for chronic hypertension for HTP women is 9%. To put these percentages in 
perspective: The prevalence of chronic hypertension in The Netherlands, among 
women in a comparable age group between 30 and 40 years in 2010, was 5.5%. 
Thus, a detection rate between a minimum of 9% and a maximum of 34% in 
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women with a history of gestational hypertension or preeclampsia at term is of 
great interest for health care providers.

The major strength of our study is twofold: First, we focused on women with a 
history of hypertensive pregnancy disorders at term, which are common disorders 
in pregnancy and of daily obstetric care. Second, we longitudinal followed HTP 
women who were included in a randomized controlled trial and we had a pre-
specified hypothesis and objective at baseline, providing a large and strong HTP 
cohort.
The finding, that the common pregnancy disorders gestational hypertension and 
preeclampsia at term are associated with a high risk of hypertension and more 
cardiovascular risk factors, makes this study original and of interest for not only 
obstetricians, but also for internists, cardiologists and general physicians.

Our study has a few limitations. First, the study design of the HYPITAT trial 
was to compare two different strategies at term in women with one pregnancy 
complication, namely gestational hypertension or preeclampsia, without 
comparison to a control group. To compare cardiovascular risk factors after 
2.5 years we secondarily added a control group. For that purpose, baseline data 
of the index pregnancy of NTP women were collected from review of medical 
records at the time of inclusion in the follow-up study. The information on the 
variables addressed in this manuscript was nearly all complete in the medical 
charts. HTP and NTP women were comparable according to age, race, and 
demographic region. From etiological perspective, it would have been ideally 
to have matched HTP and NTP women for BMI at booking, blood pressure at 
booking and parity. Instead, we preferred a pragmatic approach as we aimed to 
study whether hypertensive pregnancy disorders in term pregnancy can be used 
as a stress test for cardiovascular risk factor screening to identify women who 
are at risk for cardiovascular disease later. We performed a multivariate analysis 
taking all the differences at baseline into account (table 4). The results of that 
approach showed that even after adjustment for baseline factors HTP women 
had a significantly higher prevalence of hypertension and metabolic syndrome 
2.5 years after pregnancy. A problem with a multivariate model like that is 
that the differences were based on definitions of the cohort. However, it does 
not invalidate our findings showing that women with a history of hypertensive 
pregnancy disorders at term still have unfavourable risk factors 2.5 years after 
pregnancy.
A second limitation concerns the voluntary contribution of NTP women, which 
may have introduced selection bias. NTP women with a family history of CVD 
are probably more likely to participate in a study on risk of CVD than women 
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with a “healthy” family history. However, family history of first degrees with 
a cardiovascular event < 60 years was not significantly different between both 
groups. Moreover, this potential bias underestimates the differences between 
HTP and NTP women.
Finally, as a consequence of the relative young age of the study participants, 
this study evaluated surrogate endpoints; cardiovascular risk factors rather than 
cardiovascular clinical outcomes.

Our study results strongly suggest that women with a history of gestational 
hypertension or preeclampsia at term may be offered screening and counseling 
for cardiovascular risk factors after their pregnancy. Before wide implementation 
in practice however, strategies of cardiovascular risk factor screening and 
subsequent tailored preventive interventions need to be evaluated for feasibility 
and clinical and cost effectiveness.
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Abstract

Background: Cardiovascular disease is associated with major morbidity 
and mortality in women in the Western world. Prediction of an individual 
cardiovascular disease risk in young women is difficult. It is known that 
women with hypertensive pregnancy complications have an increased risk for 
developing cardiovascular disease in later life and pregnancy might be used as a 
cardiovascular stress test to identify women who are at high risk for cardiovascular 
disease. In this study we assess the possibility of long term cardiovascular risk 
prediction in women with a history of hypertensive pregnancy disorders at term.

Methods: In a longitudinal follow-up study, between June 2008 and November 
2010, 300 women with a history of hypertensive pregnancy disorders at term 
(HTP cohort) and 94 women with a history of normotensive pregnancies at term 
(NTP cohort) were included. From the cardiovascular risk status that was known 
two years after index pregnancy we calculated individual (extrapolated) 10-and 
30-year cardiovascular event risks using four different risk prediction models 
including the Framingham risk score, the SCORE score and the Reynolds risk 
score. Continuous data were analyzed using the Student’s T test and Mann-
Whitney U test and categorical data by the Chi-squared test. A poisson regression 
analysis was performed to calculate the incidence risk ratios and corresponding 
95% confidence intervals for the different cardiovascular risk estimation 
categories.

Results: After a mean follow-up of 2.5 years, HTP women had significantly higher 
mean (SD) extrapolated 10-year cardiovascular event risks (HTP 7.2% (3.7); NTP 
4.4% (1.9) (p<.001, IRR 5.8, 95% CI 1.9 to 19)) and 30-year cardiovascular event 
risks (HTP 11% (7.6); NTP 7.3% (3.5) (p<.001, IRR 2.7, 95% CI 1.6 to 4.5)) as 
compared to NTP women calculated by the Framingham risk scores. The SCORE 
score and the Reynolds risk score showed similar significant results.

Conclusions: Women with a history of gestational hypertension or preeclampsia 
at term have higher predicted (extrapolated) 10-year and 30-year cardiovascular 
event risks as compared to women with a history of uncomplicated pregnancies. 
Further large prospective studies have to evaluate whether hypertensive 
pregnancy disorders have to be included as an independent variable in 
cardiovascular risk prediction models for women.
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Background

Cardiovascular disease is associated with major morbidity and mortality in women 
in the Western world1. Women are less likely to receive appropriate cardiovascular 
preventive care compared to men and heart disease in women is not always 
recognized as a major health care concern2. Several epidemiological studies have 
demonstrated the association between hypertensive pregnancy disorders and 
cardiovascular morbidity and mortality in later lifes3-9. Subsequently, it has been 
suggested that pregnancy may act as an early natural “stress test” unmasking 
underlying defects and thereby identifying women at high risk for cardiovascular 
disease in later life10.

Worldwide, different risk prediction models have been developed for individual 
risk prediction of cardiovascular disease in both apparently healthy men and 
women11-17. Currently, the Framingham risk score is the most compared score in 
literature and widely used in North American countries18, while the systematic 
coronary risk evaluation (SCORE) score has been advised by the European 
guidelines19. In spite of the existence and use of several risk prediction models, it 
remains a great challenge to determine which specific woman is at high risk for 
cardiovascular disease, especially in young women.

Obstetric history, e.g. hypertensive pregnancy disorders, is not included as a 
variable in cardiovascular risk prediction models. However, obstetric history 
may help to identify women, who are at high risk for cardiovascular disease in 
later life; they may benefit from early cardiovascular risk screening after their 
complicated pregnancy together with subsequent individual cardiovascular risk 
prediction and primary prevention programs20, 21. Mosca et al. showed that women, 
who perceive themselves at risk for cardiovascular disease and know the goals 
for prevention, are motivated to take action toward a heart healthy life style2, 22.

In the present study, we assess cardiovascular event risks in women with a 
history of gestational hypertension or preeclampsia at term using four previous 
described validated cardiovascular risk prediction models, including the 10-
year Framingham risk score, the 30-year Framingham risk score, the 10-year 
estimation by the SCORE score, and the 10-year estimation by the Reynolds 
risk score. According to the European cardiovascular risk factor management 
guidelines for young women with elevated risk factor levels23, we extrapolate the 
10-year cardiovascular disease risks as if the woman is 60 years old. The aim 
of this study is to compare these estimated (extrapolated) 10-year and 30-year 
cardiovascular disease risks between women with a history of term gestational 
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hypertension or term preeclampsia and women with a history of term normotensive 
pregnancies, in order to improve assessment of reliable cardiovascular risk 
estimation for the long term cardiovascular disease outcome in relatively young 
women.

Methods

Participants
We studied 300 women who had delivered in the Netherlands between 2005 and 
2008, with the diagnosis term gestational hypertension or term preeclampsia 
after 36 weeks’ gestation and 94 healthy control women after uncomplicated term 
pregnancies. The women were invited for participation in the current follow-up 
study on cardiovascular event risk estimation.
We enrolled women with a history of term gestational hypertension or term 
preeclampsia from the Hypertension and Pre-eclampsia Intervention Trial 
At Term (the HYPITAT study)24. Control women were friends of the patients 
or women from midwifery practices from three different locations in the 
Netherlands (Groningen, Leiden and The Hague) and they were required to have 
only previous uncomplicated normotensive pregnancies. A detailed description 
of all inclusion and exclusion criteria was previously published elsewhere25,26. 
Exclusion criteria for participation in the HYPITAT trial and the follow-up study 
included: antihypertensive medication use for chronic hypertension, diabetes 
mellitus, gestational diabetes treated with insulin, renal disease, heart disease, 
previous caesarean section, hemolysis elevated liver enzymes and low platelets 
syndrome (HELLP), oliguria of less than 500 mL per 24 hours, pulmonary 
edema or cyanosis, human immunodeficiency virus (HIV), use of intravenous 
antihypertensive medication, fetal anomalies, intrauterine growth restriction 
(IUGR), and abnormal fetal- heart rate monitoring. Exclusion criteria for the 
NTP cohort included HELLP, gestational hypertension, preeclampsia, pre-
existing hypertension, (gestational) diabetes, premature delivery, delivery of a 
neonate with intra uterine growth restriction (below the 5th percentile), renal 
disease, heart disease, and HIV.
Pregnant and lactating women (within the last three months) were excluded from 
the follow-up study.
The study was approved by the Institutional Review Board of the University of 
Leiden (HYPITAT: P04.210) and locally approved by the hospital board of the 
participating hospitals.
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Definitions
Gestational hypertension was defined as diastolic blood pressure of 95 mmHg 
or higher measured on two occasions at least six hours apart. Preeclampsia was 
defined as diastolic blood pressure of 90 mmHg or higher measured on two occasions 
at least six hours apart, combined with proteinuria (two or more occurrences of 
protein on a dipstick, > 300 mg total protein within a 24 hours urine collection, or 
ratio of protein to creatinine > 30 mg/mmol). Severe gestational hypertension or 
severe preeclampsia were defined as either systolic blood pressure of 170 mmHg 
or higher, diastolic blood pressure of 110 mmHg or higher, or proteinuria of 
5 gram or higher per 24 hours.
Hypertension at follow-up was defined as systolic blood pressure ≥ 140 mmHg, 
or a diastolic blood pressure ≥ 90 mmHg or current use of antihypertensive 
medication.

Classic cardiovascular risk factor assessment
A detailed description of the cardiovascular risk factor assessment and 
laboratory procedures has been published elsewhere25. In short, after enrolment 
all participants were invited for cardiovascular risk factor assessment. After 
written informed consent they were asked to complete a questionnaire including 
questions about their medical history, current medication use, obstetric history, 
subsequent pregnancy after index pregnancy and family history, including 
cardiovascular disease. Cardiovascular risk factor assessment included: blood 
pressure measurement, height and weight (with calculated body mass index 
(BMI)), and fasting venous blood sample drawing, assayed for: glucose, HDL 
cholesterol, triglycerides and (high sensitive) C-reactive protein.

Individual cardiovascular risk prediction
For the prediction of the 10-year general cardiovascular disease risk by the 
Framingham risk score, cardiovascular risk factors were used according to 
the methodology reported by D’Agostino et al.27, i.e. age, total cholesterol, HDL 
cholesterol, systolic blood pressure, treatment for hypertension, and smoking. 10-
Year general cardiovascular disease was defined as coronary death, myocardial 
infarction, coronary insufficiency, angina, ischemic stroke, hemorrhagic stroke, 
transient ischemic attack, peripheral artery disease, and heart failure.
30-Year full cardiovascular disease estimation by the Framingham risk score 
was calculated using the algorithm reported by Pencina et al.15 30-Year full 
cardiovascular disease was defined as coronary death, myocardial infarction, 
fatal and non-fatal stroke, coronary insufficiency, angina pectoris, transient 
ischemic attack, intermittent claudication and congestive heart failure.
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For prediction of 10-year risk of fatal cardiovascular disease by the SCORE score 
estimation, risk factors were used according to the algorithm reported by Conroy 
et al.11, including age, total cholesterol, systolic blood pressure and smoking. Fatal 
cardiovascular disease was defined as ICD-9 codes 798.1, 798.2, 401 through 414 
and 426 through 443, with the exception of the ICD-9 codes: 426.7, 429.0, 430.0, 
432.1, 437.3, 437.4 and 437.5.
For prediction of global cardiovascular disease risk by the Reynolds risk score we 
used cardiovascular risk factors according to the algorithm reported by Ridker et 
al., including systolic blood pressure, smoking, total cholesterol, HDL cholesterol, 
hsCRP and a family history of myocardial infarction < 60 years in first- degree 
relative16. They defined global cardiovascular disease as incident myocardial 
infarction, stroke, coronary revascularization, or cardiovascular death.

Sample size and statistical analysis
Our power analysis was based on cardiovascular risk estimation based on 
the Framingham Heart Study17. Due to the young age of our participants, the 
estimated absolute 10-year cardiovascular risk was likely to be low. Therefore, 
our approach was to estimate the risk for each woman as if the woman was 60 
years old. This approach has been recommended in the cardiovascular risk factor 
management guidelines for young women with elevated risk factor levels23. For 
detecting an estimated absolute 10-year cardiovascular risk difference between 
women with a history of term gestational hypertension or term preeclampsia 
(HTP) and women with a history of normotensive pregnancies (NTP) of 10% 
increase after extrapolating to the age of 60, we needed a sample size of 456 
women for 80% power and a 5% type 1 error probability (two sided), for inclusion 
in 3:1 ratio (3 HTP: 1 NTP). According to earlier studies28-30 we expected a 
homogeneous effect with low prevalence of unfavorable cardiovascular risk 
factors in normotensive term pregnancy women. Therefore, we have used a 3:1 
(HTP:NTP) inclusion ratio instead of 1:1 as we assumed that including more 
normotensive pregnancy women in 1:1 ratio would have no additional value in 
this study as a result of homogeneous outcome of cardiovascular risks.
Data were analyzed using SPSS software (version 20.0). Baseline continuous 
data were expressed as means and standard deviations or as medians and 
interquartile ranges for not normally distributed values; dichotomous data were 
presented as numbers and percentages. Comparison of continuous data with a 
skewed distribution was performed using the non- parametric Mann-Whitney U 
test and categorical data by the Chi-squared test. A poisson regression analysis 
was performed to calculate the incidence risk ratios and corresponding 95% 
confidence intervals for the different cardiovascular risk estimation categories. 
We made adjustments for potential confounders, where appropriate, including 
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parity (continuous variable) and current BMI (continuous variable). For all tests, 
a p-value < 0.05 indicated statistical significance.

Results

Between June 2008 and November 2010, a total of 300 women with a history 
of term gestational hypertension or term preeclampsia and 94 women with a 
history of normotensive term pregnancies were included in this follow-up study. 
Of the eligible 751 women with a history of term gestational hypertension or 
term preeclampsia, 168 women declined participation in the follow-up study, 
6 women refused blood drawing, 175 women were lost to follow-up, 101 women 
were pregnant or lactating and 1 woman had died in a car accident.
At index pregnancy, women with term gestational hypertension or term 
preeclampsia were more often nulliparous, had higher body mass index at the first 
antenatal visit, higher systolic and diastolic blood pressures at the first antenatal 
visit, lower gestational age at delivery and lower birth weight compared with 
women with a history of normotensive term pregnancies (table 1). 

Table 1. Baseline characteristics at index pregnancy*

Characteristics HTP cohort 
(n=300)

NTP cohort 
(n=94)

p value

Maternal age at delivery (years) 31 (28-35) 31 (28-34) .82
Ethnic origin: Caucasian 273 (89%) 94 (95%) .14

Other 30 (10%) 5 (5%)
Unknown 3 (1%) 0 (0%)

Nulliparous 211 (69%) 30 (30%) <.001
Systolic blood pressure at first antenatal visit 
(mmHg)‡

120 (110-130) 110 (109-120) <.001

Diastolic blood pressure at first antenatal visit 
(mmHg)‡

75 (68-80) 65 (60-70) <.001

BMI at first antenatal visit (kg/m2) 25.2 (22.5-29.1) 22.7 (21.2-24.3) <.001
Gestational age at delivery (weeks) 39.5 (38.4-40.2) 39.9 (39.3-40.7) .001
Birth weight (gram) 3398 (3030-3710) 3693 (3216-3942) <.001

* Continuous data are expressed as median (IQR), dichotomous data as number of patients (%).
HTP = women with a history of term gestational hypertension or term preeclampsia
NTP= women with a history of normotensive term pregnancies
‡ 38 HTP women (12%) had a systolic blood pressure of ≥ 140 mmHg or a diastolic blood pressure 

of ≥ 90 mmHg at the first antenatal visit (without use of antihypertensive medication).

At 2.5 year follow-up women with a history of term gestational hypertension or 
term preeclampsia were more often primiparous, used more antihypertensive 
medication, and had higher body mass index, higher systolic and diastolic blood 
pressures and higher waist circumferences compared with women with a history 
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of normotensive term pregnancy. There were no significant differences in age, 
elapsed time since delivery and smoking rates (table 2).

Table 2. Outcome characteristics of the follow-up study, 2.5 years postpartum*

Characteristics HTP cohort 
(n=300)

NTP cohort 
(n=94)

p value

Age at follow up (years) 34 (30-37) 34 (31-37) .80
Time elapsed since delivery (years) 2.4 (2.2-2.7) 2.5 (2.2-2.9) .54
Primiparous 134 (44%) 21 (22%) <.001
Smoking 60 (20%) 19 (19%) .82
BMI at follow up (kg/m2) 26.6 (23.8-30.5) 23.2 (21.8-25.5) <.001
Antihypertensive medication use 29 (10%) 0 (0%) .001
Hypertension 104 (35%) 1 (1%) <.001
Systolic blood pressure (mmHg) 124 (115-130) 110 (105-118) <.001
Diastolic blood pressure (mmHg) 80 (78-90) 74 (66-80) <.001
Family history of MI** < 60 years in first- 
degree relative 

48 (16%) 11 (11%) .21

* Continuous data are expressed as median (IQR), dichotomous data as number of patients (%).
** MI= Myocardial infarction
HTP = women with a history of term gestational hypertension or term preeclampsia
NTP= women with a history of normotensive term pregnancies

Biochemical cardiovascular risk factors 2.5 years postpartum, including 
glucose, HsCRP, total cholesterol, HDL cholesterol and triglycerides, were all 
significantly higher in women with a history of term gestational hypertension or 
term preeclampsia compared with women with a history of normotensive term 
pregnancies (table 3).

Table 3. Cardiovascular biomarkers in HTP women and NTP women 2.5 years 
postpartum*

Cardiovascular biomarker HTP cohort 
(n=300)

NTP cohort 
(n=94)

p value

Glucose, mg/dl 84.7 (81.1-91.9) 84.7 (79.3-88.3) .01
HsCRP, mg/l 2.2 (1.0-5.0) 0.9 (0.4-2.2) <.001
Total cholesterol, mg/dl 181.8 (162.4-206.9) 177.9 (150.8-197.2) .02
HDL-cholesterol, mg/dl 54.1 (46.4-61.9) 58.0 (50.3-65.8) .03
Triglycerides, mg/dl 80.6 (58.5-110.1) 62.9 (47.6-91.2) <.001

* Data are expressed as median (IQR).
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Cardiovascular disease risk prediction

1. 10-year general cardiovascular disease risk prediction by the Framingham 
risk score

Figure 1 illustrates the risk percentages of developing general cardiovascular 
disease within 10 years in women with a history of term gestational hypertension 
or term preeclampsia and women with a history of normotensive term 
pregnancies at current age, calculated with the Framingham risk score. At 
current age, 16 women (5%) with a history of term gestational hypertension or 
term preeclampsia had a 10-year general cardiovascular disease risk of > 5%, 
compared with no women (0%) with a history of normotensive pregnancies, p=.02.
Figures 2 A and 2B show the risk percentages of developing general cardiovascular 
disease within 10 years (figure 2A) and the different risk categories of the 10-
year prediction of developing general cardiovascular disease calculated with the 
Framingham risk score (figure 2B) of hypertensive term pregnancy women and 
normotensive term pregnancy women after extrapolation of their age to 60 years. 
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Figure 1. 10-year Framingham risk score at current age
10-Year Framingham risk scores (%) of women with a history of gestational hypertension or 
preeclampsia at term (HTTP women, closed bars) and women with a history of uncomplicated 
normotensive pregnancies (NTP women, dotted bars).The top and bottom of each box correspond to 
the 75th percentile and 25th percentile, respectively. The whiskers (t bars) on the top and bottom 
denote the 90th percentile and 10th percentile, respectively.
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Poisson regression showed that women with a history of term gestational 
hypertension or term preeclampsia, compared with women with a history of 
normotensive term pregnancies, had a 2.5-fold higher extrapolated risk of >5% 
(p<.001, IRR 2.5 95% CI (1.6 – 3.7)) and even an almost 6-fold higher extrapolated 
risk of >10% (p=.001, IRR 5.8 95% CI (1.8 - 19)) to suffer from cardiovascular 
disease within 10-years. After adjustment for parity and current BMI, women 
with a history of term gestational hypertension or term preeclampsia had still 
higher extrapolated cardiovascular event risks of >5% (p<.001, IRR 2.3 95% CI 
(1.5 - 3.5)) and > 10% (p=.01, IRR 5.0 95% CI (1.6 - 16)) compared with women 
with a history of normotensive term pregnancies.

2. 30-year full cardiovascular disease risk prediction by the Framingham 
risk score

Figure 3A illustrates the risk percentages of developing overall cardiovascular 
disease within 30 years in women with a history of term gestational hypertension 
or term preeclampsia and women with a history of normotensive term pregnancies 
at current age, calculated with the Framingham risk score. Figure 3B illustrates 
different risk categories of the 30-year prediction of developing general 
cardiovascular disease calculated with the Framingham risk score at current 
age. Poisson regression analysis showed that women with a history of term 
gestational hypertension or term preeclampsia, compared with women with a 
history of normotensive term pregnancies had an almost 3-fold higher of >10% 
(p<.001, IRR 2.7 95% CI (1.6 – 4.5)) to suffer from cardiovascular disease within 
30 years, even after adjustment for parity and current BMI (p=.002, IRR 2.4 95% 
CI (1.4 – 4.1)).
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Figure 2A. 10-year Framingham risk score extrapolated to the age of 60 years
10-Year Framingham risk scores (%) extrapolated to the age of 60 years of women with a history 
of gestational hypertension or preeclampsia at term (HTTP women, closed bars) and women with a 
history of uncomplicated normotensive pregnancies (NTP women, dotted bars). The top and bottom 
of each box correspond to the 75th percentile and 25th percentile, respectively. The whiskers 
(t bars) on the top and bottom denote the 90th percentile and 10th percentile, respectively.
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Figure 2B. 10-year Framingham risk score extrapolated to the age of 60 years
Division into 4 different risk categories (0-5%, >5%-10%, >10%-20% and > 20%). 10- Year risk 
estimation of overall cardiovascular disease risk according to the Framingham Heart Study 
algorithm, based on the following risk factors, i.e. age, smoking, systolic blood pressure, HDL 
cholesterol, total cholesterol.
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Figure 3A. 30-year Framingham risk score at current age
30-Year Framingham risk scores (%) at current age of women with a history of gestational 
hypertension or preeclampsia at term (HTP women, closed bars) and women with a history of 
uncomplicated normotensive pregnancies (NTP women, dotted bars). The top and bottom of each 
box correspond to the 75th percentile and 25th percentile, respectively. The whiskers (t bars) on 
the top and bottom denote the 90th percentile and 10th percentile, respectively.
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Figure 3B. 30-year Framingham risk score at current age
Division into 4 different categories (0-5%, >5%-10%, >10%-20% and > 20%) for 30-year risk 
estimation of full cardiovascular disease by the Framingham Heart Study algorithm based on the 
following risk factors i.e. age, smoking, systolic blood pressure, HDL cholesterol, total cholesterol, 
treatment for hypertension and presence of diabetes. 
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3. 10-Year fatal cardiovascular disease risk prediction by the SCORE score 
and 10-Year global cardiovascular disease risk prediction by the Reynolds 
risk score

Mean (SD) 10-year cardiovascular disease risk predictions and different risk 
categories calculated by the SCORE score and the Reynolds risk score are 
shown in table 4. Women with a history of term gestational hypertension or term 
preeclampsia had significant higher mean risks calculated by the SCORE score 
and the Reynolds risk score compared with women with a history of normotensive 
term pregnancies. Furthermore, women with a history of term gestational 
hypertension or term preeclampsia were more often represented in higher risk 
categories.

Table 4. Cardiovascular event risk prediction by the SCORE score and Reynolds risk 
score
Risk Prediction HTP Cohort 

(N=300)
NTP Cohort 
(N=94)

p value IRR 
(95% CI)

10-year fatal CVD risk prediction by the SCORE score (extrapolation to 60 years)
Mean (SD), % 1.2 (0.5) 1.1 (0.3) .02
Risk category 1% 242 (81%) 85 (90%)
Risk category 2% 48 (16%) 9 (10%)
Risk category 3% 9 (3%) 0 (0%)
Risk category 4% 1 (0.3%) 0 (0%)
10-year SCORE score 
risk >1%

58 (19%) 9 (10%) 2.0 (1.0 - 4.1)

10-year global CVD risk prediction by Reynolds risk score (extrapolation to 60 years)
Mean (SD), % 2.8 (2.1) 1.6 (1.1) .001
Risk category 1% 87 (29%) 60 (64%)
Risk category >1-5% 168 (56%) 30 (32%)
Risk category >5-10% 39 (13%) 4 (4%)
Risk category >10% 6 (2%) 0 (0%)
10-year Reynolds risk 
score risk > 5%

45 (15%) 4 (4%) 4.0 (1.0 - 17)

HTP = women with a history of term gestational hypertension or term preeclampsia

NTP= women with a history of normotensive term pregnancies

Sub-analyses of the hypertensive term pregnancy cohort
We divided the hypertensive term pregnancy cohort (n=300) in a primiparous 
subgroup (n=134, 44%) and a multiparous subgroup (n=166, 56%) 2.5 years 
postpartum. Furthermore, we subanalysed women with a history of gestational 
hypertension at term (n=225, 75%) and women with a history of preeclampsia at 
term (n=75, 25%) and women with (n=93, 31%) or without (n=207, 69%) severe 
gestational hypertension or severe preeclampsia during their index pregnancy. 
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No significant differences were found between the subgroups in the prevalence 
of hypertension 2.5 years postpartum, biochemical cardiovascular risk factors 
2.5 years postpartum and in the estimated 10- and 30 year Framingham 
cardiovascular event risks.

Discussion

In this longitudinal follow-up study, we found that women with a history of 
term gestational hypertension or term preeclampsia have an increased 10-year 
cardiovascular disease risk at current age and after extrapolating the age to 
60 years at least two years postpartum. Furthermore, an increased 30-year 
cardiovascular risk at current age was found in women with a history of term 
gestational hypertension or term preeclampsia.

Risk Prediction Models
Screening and treatment of cardiovascular disease should target women 
at high risk rather than at women with a single elevated risk factor31. Many 
risk prediction models have been developed the last three decades to estimate 
individual cardiovascular risk. The Framingham Risk Score was the most 
influential multivariate risk predictor of developing cardiovascular disease in 
the future and this algorithm has been most often compared by other studies15, 17, 

27, 32. The Reynolds Risk Score was developed in women adding CRP and parental 
history of early myocardial infarction before the age of 60 years as independent 
risk variables in a female cohort16 and reclassified 40%-50% of women who 
were predicted by the Framingham risk score17 to be at intermediate risk into 
higher- or lower risk categories. The SCORE equation has been validated for the 
European population and has been recommended by the Third Joint European 
Task Force on cardiovascular prevention in Europe11. This risk score focuses at 
fatal total cardiovascular risk rather than at fatal coronary heart disease. Other 
prediction models were mostly designed and developed for men and therefore not 
considered for this study. The QRISK score was developed using a population- 
based clinical research database in the UK incorporating ethnicity, deprivation 
and other clinical conditions in the algorithm13, 14, resulting in more accurate 
quantification of risks in south Asian women compared to the Framingham risk 
score. However, participants in our study were predominantly Caucasian women 
and adding ethnicity to the risk estimate was considered to have no additional 
value for risk estimates. Therefore, we did not use the QRISK score for our 
study. In 2012, Siontis et al. undertook a meta-analysis to compare established 
risk prediction models for cardiovascular disease32. They did not reach robust 
conclusions about the best risk prediction model or the ranking of performance of 
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different models. An important question rises: which algorithm or model is best 
suited for women with a history of hypertensive pregnancy disorders at term to 
accurately estimate their future cardiovascular risk? Unfortunately, we can not 
answer this question with our present study results.
All four algorithms showed a significantly higher risk in hypertensive term 
pregnancy women. This is understandable, because the four scores are mostly 
based on equivalent cardiovascular parameters and these parameters were 
significantly higher in the hypertensive term pregnancy cohort compared 
with the normotensive term pregnancy cohort. However, the definitions and 
cardiovascular endpoints between the four risk prediction models differ. Only the 
Framingham Heart Study provides a 30-year risk prediction model. This might 
be the most useful prediction model for our relatively young study cohort, as age 
remains the most important parameter in cardiovascular risk prediction models 
and extrapolation is not necessary in this model for our relatively young cohort. 
Furthermore, the Framingham 30-year risk score focuses at cardiovascular 
morbidity and mortality rather than at cardiovascular mortality alone (SCORE 
score), which seems important in young women. Morbidity caused by non fatal 
cardiovascular events is not only disabling for young women, but it is also the 
major economic burden for the health care system and society. Young women 
might benefit from early screening and prevention and it might be cost-effective. 
However, we have to keep in mind that the longer the prediction period, the less 
accurate the prediction will be for an individual, as the nature of the design does 
not account for individual changes in risk factor levels that could have taken 
place during the course of follow-up15.

Comparison with other studies
Three other studies29, 33, 34 previously assessed cardiovascular risk scores in women 
with a history of hypertensive pregnancy disorders. Fraser et al.33 reported 
significant higher mean Framingham 10-year cardiovascular risks of 4.6% (0.15) 
in women with a history of gestational hypertension, 5.1% (0.41) in women with 
a history of preeclampsia compared with 3.6% (0.06) in women with a history 
without hypertensive pregnancy disorders. These risks were higher compared 
with the 10-year cardiovascular risks (at current age) in our study in women with 
a history of hypertensive pregnancy disorders. This might be explained by two 
differences.
First, Fraser et al. included not only women with a history of hypertensive 
pregnancy disorders at term but also women with a history of preterm hypertensive 
pregnancy disorders, which are known for their higher risk of cardiovascular 
disease later. Second, the follow-up period of 18 years by Fraser et al. was longer 
compared with our follow-up period of 2.5 years, which resulted in a significant 
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age difference between the two studies and, per definition, in lower estimation 
of cardiovascular risk in our study. Smith et al.29, 34 reported comparable 10-year 
cardiovascular event risks as our study. However, they included women with a 
history of both preterm and term preeclampsia and they had a shorter follow-up 
period of 1 year.
Mongraw-Chaffin et al.35 prospectively investigated the contribution of 
hypertensive pregnancy complications on the risk of cardiovascular disease 
death. They found that women with a history of preeclampsia with onset after 
34 weeks’ gestation, after a follow-up period of 30 years and with a median age 
of 56 years, had a cumulative cardiovascular disease death survival of 98.3% 
and women without a history of preeclampsia had a cardiovascular death 
survival of 99.3%. We calculated a mean 10-year fatal cardiovascular disease 
risk of 1.2% (0.5) in our hypertensive term pregnancy cohort after extrapolating 
the age of each participant to 60 years. This is a slightly lower risk compared 
with the 1.7% cardiovascular death risk published by Mograw-Chaffin et al. An 
explanation might be that Mongraw-Chaffin studied women with preeclampsia 
who delivered after 34 weeks’ gestation, while we included women with both 
gestational hypertension and preeclampsia after 36 weeks’ gestation. These 
differences in both gestational age and hypertensive disorder might explain 
the small discrepancy between the risks. A second explanation might be that 
hypertensive pregnancy disorders are independent risk factors for cardiovascular 
disease later in life and as a consequence current cardiovascular risk prediction 
models underestimate women’s cardiovascular disease risks, as obstetric history 
is not included as a variable in the models. Further large prospective studies 
have to evaluate whether hypertensive pregnancy disorders have to be included 
as an independent variable in cardiovascular risk prediction models for women to 
improve their assessment of reliable cardiovascular risk estimation for the long 
term CVD outcome.

Strengths and Limitations
The major strength of this longitudinal follow-up study is that we used a unique 
prospective cohort from a randomized controlled trial, which consisted of 
women with a history of term gestational hypertension or term preeclampsia. 
Hypertensive pregnancy disorders at term are common disorders and therefore 
of great interest for health care providers. These disorders may be used as a 
discriminating test whether or not the clinician has to screen for cardiovascular 
risk factors and calculate subsequent individual cardiovascular risk.
This study has also potential limitations. First, due to the young age of our 
study participants, 10-year overall cardiovascular disease risk in our cohort was 
< 5% in all normotensive term pregnancy women and in 95% of hypertensive 

Hermes.indd   134 1-4-2014   9:19:14



7

135Cardiovascular event risk after hypertensive pregnancies 

term pregnancy women in the Framingham Risk Score. For this reason we 
extrapolated the risk to an age of 60 years. Between current age and the age of 
60 years, individual cardiovascular risk factors might change over time. In our 
study, risk factors were determined at a relatively young age and extrapolation of 
the age does not account for possible changes in risk factors over time. However, 
our study method seems an appropriate method considering that both charts of 
10-year prediction after extrapolation to 60 years and charts of 30-year prediction 
at current age show similar effects.
Second, we performed a cohort study, in which pregnancy data of women with 
a history of gestational hypertension or preeclampsia were collected at baseline 
while index pregnancy data of normotensive term pregnancy women were 
reviewed in detail from medical records at the time of inclusion in the study. 
However, the information on pregnancy data addressed in this manuscript was 
nearly all complete in the medical charts.
Third, due to refusal to participate in the follow-up study, pregnant and lactating 
women at the time of follow-up, and women who were lost to follow-up, we were not 
able to include the total of 342 women with a history of gestational hypertension 
or term preeclampsia as described in our power analysis.
Finally, all normotensive term pregnancy women had one or more uncomplicated 
pregnancies, which might have resulted in a “cardiovascular healthier” cohort 
compared with a population based cohort and subsequently this relative healthy 
cohort might have resulted in overestimation of the effect in women with a history 
of term gestational hypertension or term preeclampsia. However, the mean 10-
year cardiovascular disease risk in the Framingham risk study in women of 
60 years was 6.4%. The mean extrapolated 10-year cardiovascular disease risk 
of women with a history of term gestational hypertension or term preeclampsia 
was higher, namely 7.2%. Assuming that levels of cardiovascular risk factors in 
women with a history of term gestational hypertension or term preeclampsia, 
without intervention or prevention, will worsen over time until the age of 60, the 
real estimated 10-year cardiovascular risk at the age of 60 years of women with 
a history of term gestational hypertension or term preeclampsia may be even 
higher than our reported 7.2%. Thus, even without comparison with women with 
a history of normotensive term pregnancies, a mean 10-year cardiovascular event 
risk of 7% is of interest for physicians, as it is a higher risk compared with the 
reported risk of the population based cohort of the Framingham Heart Study.

Conclusions

In conclusion, women with a history of gestational hypertension or preeclampsia 
at term have higher (extrapolated) 10-year cardiovascular event risks and 
30-year cardiovascular event risks compared with women with a history of 
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uncomplicated pregnancies. Our study results strongly suggest that women with 
a history of hypertensive pregnancy disorders at term may be offered screening 
and counseling for cardiovascular risk factors after their pregnancy to calculate 
and estimate cardiovascular event risks.
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Abstract

Objective: Hypertensive pregnancy disorders are associated with an increased 
risk of cardiovascular disease. Women with early onset preeclampsia have the 
highest risk. The aim of this study was to compare 10-year and 30-year estimated 
cardiovascular event risks between the extremes of severity of hypertensive 
pregnancy disorders between very early onset preeclampsia and late onset 
hypertensive pregnancy disorders.

Methods: We studied 20 women with previous severe very early onset preeclampsia 
(SPP cohort), 300 women with previous term hypertensive pregnancy disorders 
(HTP cohort) and 94 women with previous normotensive pregnancies (NTP cohort). 
All participants were assessed at least 2 years postpartum for cardiovascular 
risk factors, including BMI, blood pressure, glucose, total cholesterol, HDL 
cholesterol, triglycerides and hsCRP. Subsequently we calculated their 10- and 
30 year cardiovascular event risks using Framingham risk scores.

Results: 10-year and 30-year cardiovascular risks were comparable in SPP 
women and HTP women after adjustment for age. Compared to NTP women, 
SPP women had a 6-fold higher extrapolated risk of >10% (p=.02, IRR 6.3 95% CI 
(1.4-28)) and HTP women had an almost 6-fold higher extrapolated risk of >10% 
(p=.003, IRR 5.5 95% CI (3.3-9.1)) to suffer from cardiovascular disease within 
10-years. For 30-year cardiovascular event risks the results were comparable.

Conclusions: Women with previous very early onset preeclampsia and women 
with previous late onset hypertensive pregnancy disorders appear to have 
comparable estimated cardiovascular event risks. Hypertensive pregnancy 
disorders and their severity might be included as an independent variable in 
cardiovascular risk prediction models for more accurate cardiovascular risk 
prediction in women.
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Introduction

Cardiovascular disease continues to be the leading cause of death in women 
in the western world1. Yearly, women are more likely to die of heart disease 
compared to men. Signs and symptoms of heart disease in women are different 
than in men and diagnostic tools in women seem to be less sensitive and specific 
compared to men. As a consequence, women are less likely to receive appropriate 
cardiovascular treatment and (preventive) care.
Several epidemiological studies have demonstrated an association between 
preeclampsia and an increased risk of cardiovascular disease in later life. It 
has been suggested that preeclampsia acts as an early “natural” stress test for 
preclinical future cardiovascular risk. Women with previous preeclampsia have 
a 2-fold higher risk of ischemic heart disease2. Women with a history of early 
onset preeclampsia before 37 weeks’ gestation are of the highest risk and have 
even an 8-fold higher risk of ischemic heart disease compared to women with 
a history of normotensive pregnancies2;3. The underlying mechanisms of the 
association between cardiovascular disease and preeclampsia remain unclear. 
Endothelial dysfunction is suggested to play a central role. Whether preeclampsia 
itself damages the vascular endothelium resulting in an increased risk for 
cardiovascular disease later or whether unfavourable underlying cardiovascular 
risk factors predispose to both preeclampsia and cardiovascular disease later, 
or a combination of the two hypotheses mentioned above, is not clear. In all 
probability, early onset preeclampsia and term hypertensive pregnancy disorders 
have a different pathogenesis of the linkage between cardiovascular disease and 
preeclampsia4. It is well described that women with a history of early severe 
preeclampsia exhibit more cardiovascular risk factors after their pregnancy 
compared with women with uncomplicated normotensive pregnancies5-10. Recently, 
we have shown in a longitudinal follow-up study of the HYPITAT trial that not 
only women with severe early preeclampsia exhibit cardiovascular risk factors 
after pregnancy, but also women with term gestational hypertension and term 
preeclampsia11. As women with a history of severe early preeclampsia have the 
highest risk of dying from cardiovascular disease2, it is likely that women with 
severe early onset preeclampsia exhibit more cardiovascular risk factors long 
before the first cardiovascular event compared with women with hypertensive 
pregnancy disorders at term.
The aim of this study is to compare cardiovascular risk factors between the 
extremes of severity of hypertensive pregnancy disorders; women with a history 
of severe very early onset preeclampsia and women with a history of term 
hypertensive pregnancy disorders, using 10-year and 30-year cardiovascular 
event risks calculated with the Framingham risk score.
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Methods

Participants

1. Severe Very Early Onset Preeclampsia Cohort (SPP Cohort)
From January 1993 until January 2003 all consecutive women (n=26) who had 
been admitted for the diagnosis severe preeclampsia with onset before 24 weeks’ 
gestation into the University Medical Center Rotterdam, the Netherlands, were 
selected for the severe very early onset preeclampsia cohort (SPP cohort) to 
assess their cardiovascular risk factors. Maternal and perinatal outcome data 
of this cohort have been published previously12. Preeclampsia was defined as 
blood pressure ≥ 140 mmHg systolic or ≥ 90 mmHg diastolic measured on at 
least two occasions in women who were normotensive before 20 weeks’ gestation 
and proteinuria ≥ 300 mg/ 24 hours (or ≥ 2+ on dipstick of voided specimen). 
Superimposed preeclampsia was defined as a rise of blood pressure ≥ 30 mmHg 
systolic or ≥ 15 mmHg diastolic over values in the first 20 weeks and proteinuria 
≥ 300 mg/24 hours (or 2+ (1g/L) on a voided specimen or ≥ 1+ (0.3 g/L) on a 
catheterized specimen (ISSHP)12. Severe preeclampsia was defined as an 
absolute diastolic blood pressure of ≥ 110 mmHg and proteinuria (2+ (1g/L) on a 
catheterized specimen on admission, or the occurrence of preeclampsia described 
above in combination with eclampsia or HELLP syndrome. HELLP syndrome 
was defined as thrombocytes < 100x109/l, and both aspartate aminotransferase 
(ASAT) and alanine aminotransferase (ALAT) > 70 U/l and lactate dehydrogenase 
> 600 U/L.12

2. Hypertensive Term Pregnancy Cohort (HTP cohort)
From June 2008 until November 2010 we included women with a history of 
gestational hypertension or preeclampsia between 36+0 and 41+0 weeks’ gestation 
in the hypertensive term pregnancy cohort (HTP cohort). These women were 
identified from a randomized controlled trial (the HYPITAT trial). Three academic 
hospitals and 17 non-academic hospitals across four geographical regions in the 
Netherlands (Leiden, Groningen, Amsterdam, and Brabant) participated in the 
follow-up study. The inclusion and exclusion criteria of the HYPITAT trial are 
previously published elsewhere13;14.

In short, gestational hypertension was defined as a diastolic blood pressure 
of 95 mmHg or higher, measured on two occasions at least six hours apart. 
Preeclampsia was defined as diastolic blood pressure of 90 mmHg or higher 
measured on two occasions at least six hours apart, combined with proteinuria 
(two or more occurrences of protein on a dipstick, ≥ 300 mg total protein within a 
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24 hours urine collection, or ratio of protein to creatinine > 30 mg/mmol). Patients 
were excluded if they had severe gestational hypertension or severe preeclampsia 
before randomization, defined as systolic blood pressure of 170 mmHg or higher, 
diastolic blood pressure of 110 mmHg or higher, or proteinuria of 5 gram or higher 
in 24 hours. Other exclusion criteria included antihypertensive medication use for 
chronic hypertension, diabetes mellitus, gestational diabetes treated with insulin, 
renal disease, heart disease, previous caesarean section, hemolysis elevated liver 
enzymes and low platelets syndrome (HELLP syndrome), oliguria of less than 
500 mL per 24 hours, pulmonary edema or cyanosis, human immunodeficiency 
virus (HIV) seropositivity, use of intravenous antihypertensive medication, fetal 
anomalies, suspected intrauterine growth restriction (IUGR), and abnormalities 
detected during fetal- heart rate monitoring15.

3. Normotensive Term Pregnancy Cohort (NTP cohort)
Women with a history of uncomplicated normotensive term pregnancies were 
included in the control group, the normotensive term pregnancy cohort (NTP 
cohort). These control women were friends of the women who were included in the 
HTP cohort or these control women were identified from midwifery practices from 
three different locations in the Netherlands (Groningen, Leiden and The Hague). 
Women in the NTP cohort were required to have only previous uncomplicated 
normotensive pregnancies. Baseline characteristics, medical history and 
information of previous pregnancies were collected from their medical records 
and studied in thorough detail.

Pregnant and lactating women (within the last 3 months) were excluded from all 
three cohorts.
The study was approved by the Institutional Review Board of the University 
of Leiden and by the Medical Ethics Committee of the University Medical 
Center Rotterdam. The study was locally approved by the hospital board of the 
participating hospitals.

Data collection
All participants were invited for examination at their local hospital. Information 
on medical and obstetrical history, medication use and smoking habits was 
obtained by means of questionnaires and interviews by the local research nurses. 
All women were assessed for length, weight, and blood pressure. Fasting blood 
samples were drawn for measurements of biochemical cardiovascular risk factors 
including, glucose, total cholesterol, HDL cholesterol, triglycerides and high 
sensitive C- reactive protein (HsCRP). A detailed description of the examination 
and laboratory methods at least two years after pregnancy are previously 
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published elsewhere15;16. In short, the laboratory of the Erasmus University 
Medical Center (SPP cohort), Rotterdam, used a Hitachi 917 chemistry analyzer 
and corresponding reagents (Roche Diagnostics) to determine blood plasma levels 
of glucose, total cholesterol, HDL cholesterol and triglycerides. The laboratory 
of Medical Center Haaglanden (HTP and NTP cohort), The Hague, used a 
Modular P800, E170 analyzer and corresponding reagents (Roche Diagnostics) 
to determine blood plasma levels of glucose, total cholesterol, HDL cholesterol 
and triglycerides.
Hypertension 2.5 years postpartum was defined as a systolic blood pressure 
≥ 140 mmHg, or a diastolic blood pressure ≥ 90 mmHg or current use of 
antihypertensive medication.
The Framingham Heart Study provides a 10-year general cardiovascular disease 
risk prediction model and a 30-year full cardiovascular disease risk prediction 
model. We used both short- and long prediction models for our study as the 10-
year risk prediction model is the most used and compared score in literature and 
the 30-year risk prediction model might be the most useful score in our specific 
relatively young cohort. For the prediction of the 10-year general cardiovascular 
disease risk by the Framingham risk score, cardiovascular risk factors were 
used according to the methodology reported by D’Agostino et al.17, i.e. age, total 
cholesterol, HDL cholesterol, systolic blood pressure, treatment for hypertension, 
and smoking. 10-Year general cardiovascular disease was defined as coronary 
death, myocardial infarction, coronary insufficiency, angina, ischemic stroke, 
hemorrhagic stroke, transient ischemic attack, peripheral artery disease, and 
heart failure. 30-Year full cardiovascular disease estimation by the Framingham 
risk score was calculated using the algorithm reported by Pencina et al.18. 30-
Year full cardiovascular disease was defined as coronary death, myocardial 
infarction, fatal and non- fatal stroke, coronary insufficiency, angina pectoris, 
transient ischemic attack, intermittent claudication and congestive heart failure.

Statistical Analyses
Data were analyzed using SPSS software (version 20.0). Baseline continuous data 
were expressed as means and standard deviations or as medians and interquartile 
ranges for not normally distributed values; dichotomous data were presented as 
numbers and percentages. Potential differences between groups were compared 
using One- way ANOVA with the Bonferroni correction or the Kruskal- Wallis 
test for not normally distributed values. Categorical data were compared with 
the Chi-squared test. A poisson regression analysis was performed to calculate 
the incidence risk ratios ratios (IRR) and corresponding 95% confidence intervals 
(CI) for the different cardiovascular risk estimation categories. For all tests, a 
p-value < 0.05 indicated statistical significance.
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Results

Baseline and outcome characteristics of index pregnancy and the 
follow-up study
Between January 2006 and November 2010, a total of 20 women with a history 
of severe very early onset preeclampsia, 300 women with a history of gestational 
hypertension or preeclampsia at term and 94 women with a history of normotensive 
term pregnancies were included in this study. Baseline characteristics of index 
pregnancy and at follow-up are shown in Table 1.

Table 1. Baseline characteristics at index pregnancy and clinical characteristics at 
follow-up.
Baseline Characteristic Severe Preterm 

Preeclampsia 
Cohort (n=20)

Term Hypertensive 
Pregnancy Cohort 
(n=300)

Normotensive 
Pregnancy 
Cohort (n=94)

P-value 

Index Pregnancy: Baseline characteristics
Maternal age, years 32.2 (28-35) 31.0 (28-35) 31.5 (28-35) .80
Caucasian, % 12 (60%)¶,§ 270 (90%) 89 (95%) .001
Gestational age at 
delivery, weeks

26.1 (25-27)¶,§ 39.5 (38-40)* 39.9 (39-41) <.001

Birth weight, grams 561 (429-648)¶,§ 3398 (3038-3710)* 3639 (3213-3950) <.001
Follow-up Study: Clinical characteristics
Time elapsed since 
delivery, days

2007 (1902-2436)¶,§ 888 (802-997) 890 (797-1051) <.001

Maternal age at follow-up, 
years

38.8 (34-42)¶,§ 34.0 (30-37) 34.0 (30-37) .002

Primiparous, % 2 (10%)¶ 120 (41%) 29 (31%) .006
Antihypertensive 
medication use, %

7 (35%)¶,§ 29 (10%)* 0 (0%) <.001

Systolic blood pressure, 
mmHg

130 (116-140)§ 124 (115-130)* 110 (105-118) <.001

Diastolic blood pressure, 
mmHg

83 (76-94)§ 80 (78-90)* 73 (66-80) <.001

Hypertension, % 12 (60%)¶,§ 104 (35%)* 1 (1%) <.001
Body mass index, kg/m2 25.7 (22-31) 26.6 (24-30)* 23.2 (22-25) <.001
Smoking, % 2 (10%) 60 (21%) 17 (18%) .47
Statistical test: One-way ANOVA with Bonferroni correction
Data are presented as medians (IQR).
¶ SPP cohort compared with HTP cohort, P<.05
§ SPP cohort compared with NTP cohort, P<.05
* HTP cohort compared with NTP cohort, P<.05

At index pregnancy, women with severe very early onset preeclampsia were more 
often non-Caucasian compared to women with term hypertensive pregnancy 
disorders and women with normotensive term pregnancies. There were no 
significant differences in maternal age at the time of delivery at index pregnancy  
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between women with a history of severe very early onset preeclampsia and 
women with a history of gestational hypertension or preeclampsia at term. At 
follow-up, women with a history of severe very early onset preeclampsia had a 
longer elapsed time since delivery. As a consequence, they were older and were 
more often multiparous compared with women with a history of gestational 
hypertension or preeclampsia at term. Furthermore, women with a history of 
severe very early onset preeclampsia suffered more often from hypertension and 
they used antihypertensive medication more often compared to women with a 
history of gestational hypertension or preeclampsia at term and women with a 
history of normotensive pregnancies at term. However, after adjustment for age 
and follow-up period no significant differences were found in the prevalence of 
hypertension between the SPP and HTP cohort.
We found no significant differences in systolic and diastolic blood pressure, 
BMI and smoking rates at the time of the follow-up study between women with 
a history of severe very early onset preeclampsia and women with a history of 
gestational hypertension or preeclampsia at term.

Biochemical cardiovascular risk factors
Table 2 shows the biochemical cardiovascular risk factors measured after 
pregnancy. Fasting blood glucose was found to be significantly higher and 
HDL cholesterol was found to be significantly lower in women with a history of 
gestational hypertension or preeclampsia at term compared with women with 
a history of severe very early onset preeclampsia and women with a history of 
normotensive pregnancies at term. HsCRP, total cholesterol, and triglycerides 
were not significantly different between women with a history of severe very 
early onset preeclampsia and women with a history of gestational hypertension 
or preeclampsia at term. These outcomes could not be explained by inclusion of 
women with term gestational hypertension in the HTP cohort. In a subanalysis, 
in which we excluded women with term gestational hypertension from the HTP 
cohort and we compared only women with term preeclampsia (n =78) with women 
with severe early onset preeclampsia (n=20), similar outcomes were found. 
Median (IQR) glucose levels were still significantly higher in women with term 
preeclampsia (4.7 (4.5-5.0)) compared to women with severe very early onset 
preeclampsia (3.7 (3.5-4.0)), p<.001 and median (IQR) HDL cholesterol levels were 
still significantly lower in women with term preeclampsia (1.3(1.1-1.5)) compared 
to women with severe very early onset preeclampsia (1.6 (1.4-1.9)), p<.001.
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Table 2. Postpartum biochemical cardiovascular risk factors.
Biochemical CVD Risk 
Factor

SPP cohort 
(n=20)

HTP cohort 
(n=300)

NTP cohort 
(n=94)

P-value

Glucose, mmol/L 3.7 (3.5-4.0)¶,^ 4.7 (4.5-5.1)*,‡ 4.7 (4.4 – 4.9)† <.001
Total cholesterol, mmol/L 4.9 (4.3-6.1)§ 4.7 (4.2-5.3)* 4.6 (3.9-5.1) =.01
HDL cholesterol, mmol/L 1.6 (1.4-1.9)¶,§ 1.4 (1.2-1.6)* 1.5 (1.3-1.6) <.001
Triglycerides, mmol/L 0.86 (0.6-1.2) § 0.91 (0.7-1.2)** 0.71 (0.5-1.0) <.001
HsCRP, mg/L 2.0 (1.0-3.8)§ 2.2 (1.0-5.0)**,† 0.93 (0.4-2.2) <.001
Statistical test: Kruskal-Wallis test
Data are presented as medians (IQR).
¶ SPP cohort compared with HTP cohort, P<.001
§ SPP cohort compared with NTP cohort, P<.05
^ SPP cohort compared with NTP cohort, P<.001
* HTP cohort compared with NTP cohort, P<.05
** HTP cohort compared with NTP cohort, P<.001
‡  9 missing values
† 6 missing values

Cardiovascular disease risk prediction

1. 10-year general cardiovascular disease risk prediction by the Framingham 
risk score.

Figure 1A illustrates the mean (SD) risk percentage of developing general 
cardiovascular disease within 10 years at current age, calculated with the 
Framingham risk score. Figure 1B illustrates different risk categories of the 10-
year prediction of developing general cardiovascular disease calculated with the 
Framingham risk score of SPP women, HTP women and NTP women at current 
age. Figures 2A and 2B show the results after extrapolation of their age to 
60 years. Poisson regression analysis showed that women with a history of severe 
very early onset preeclampsia had a 6-fold higher extrapolated risk of >10% 
(p=.02, IRR 6.3 95% CI (1.4-28)) to suffer from cardiovascular disease within the 
next 10-years compared to women with a history of normotensive pregnancies 
at term. Women with a history of gestational hypertension or preeclampsia at 
term had an almost 6-fold higher extrapolated risk of >10% (p=.003, IRR 5.5 
95% CI (3.3-9.1)) to suffer from cardiovascular disease within the next 10-years 
compared to women with a history of normotensive pregnancies at term. No 
significant differences were found in the extrapolated risk of > 10% to suffer from 
cardiovascular disease within the next 10 years between women with a history 
of severe very early onset preeclampsia and women with a history of gestational 
hypertension or preeclampsia at term (p=.89, IRR 1.1 (0.39-3.0)).
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Figure 1A. 10-year Framingham risk score at current age
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Figure 2A. 10-year Framingham risk score extrapolated to the age of 60 years
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Figure 2B. 10-year Framingham risk score extrapolated to the age of 60 years
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2. 30-year full cardiovascular disease risk prediction by the Framingham 
risk score.

Figure 3A illustrates the mean (SD) risk percentage of developing overall 
cardiovascular disease within 30 years at current age, calculated with the 
Framingham risk score. Figure 3B illustrates different risk categories of the 
30-year prediction of developing general cardiovascular disease calculated with 
the Framingham risk score at current age. Poisson regression analyses showed 
that women with a history of severe very early onset preeclampsia had a 4-fold 
higher risk of >10% (p<.001, IRR 4.3 95% CI (2.1-8.9)) to suffer from general 
cardiovascular disease within the next 30 years compared with women with a 
history of normotensive pregnancies at term. Women with a history of gestational 
hypertension or preeclampsia at term had an almost 3-fold higher risk of >10% 
(p<.001, IRR 2.7 95% CI (1.6-4.5)) to suffer from full cardiovascular disease 
within the next 30 years compared to women with a history of normotensive 
pregnancies at term. No significant differences were found in the risk of > 10% to 
suffer from full cardiovascular disease within the next 30 years between women 
with a history of severe very early onset preeclampsia and women with a history 
of gestational hypertension or preeclampsia at term (p=.09, IRR 1.6 (0.93-2.8)).
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Figure 3A. 30-year Framingham risk score at current age
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Figure 3B. 30-year Framingham risk score at current age

Discussion

As expected, both women with history of severe very early onset preeclampsia 
and women with a history of term hypertensive pregnancy disorders exhibit more 
cardiovascular risk factors and have higher 10-year and 30-year cardiovascular 
risk estimations compared to women with a history of normotensive term 
pregnancies.
In our present follow-up study we found that, after adjustment for age, 10-year 
and 30-year cardiovascular risk estimations are comparable in women with a 
history of severe very early onset preeclampsia and women with a history of 
term hypertensive women. Women with term hypertensive pregnancy disorders 
exhibit more unfavourable biochemical cardiovascular risk factors compared to 
women with severe very early onset preeclampsia. Women with severe very early 
onset preeclampsia had more often hypertension and as a consequense used more 
often antihypertensive medication at least two years after pregnancy. However, 
this difference can be explained by the older age and longer follow-up period in 
these women.
In 2007, Bellamy et al. showed in a meta-analysis that women with a history 
of preeclampsia have an increased risk of cardiovascular disease, including an 
almost fourfold increased risk of hypertension and an approximately twofold 
increased risk of fatal and non-fatal ischaemic heart disease, stroke, and venous 
thromboembolism in later life. Women with a history of preterm preeclampsia 
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< 37 weeks of gestation in combination with intra uterine growth restriction and 
preterm delivery have even an almost 8-fold increased risk of ischemic heart disease 
life2;3. Thus, we expected that women with severe very early onset preeclampsia 
would have had a higher estimated extrapolated 10-year cardiovascular event 
risk compared to women with term hypertensive pregnancy disorders. However, 
no significant differences were found in the Framingham risk scores; women with 
severe very early onset preeclampsia only had a higher prevalence of hypertension 
and antihypertensive medication use compared to women with term hypertensive 
pregnancy disorders. However after adjustment for age and follow-up period this 
difference in prevalence of hypertension was not significant. This unexpected 
finding could be explained by the fact that we might have had an underpowered 
SPP cohort (n=20) and/or that SPP women were relatively “healthy”. On the 
contrary, our HTP cohort could have been relatively “sick” as the prevalence of 
chronic hypertension was as high as 35%. Another explanation could be that 
our follow-up period was too short to find obvious differences between the two 
cohorts and that a longer follow-up period would reveal the differences between 
the two disorders. Furthermore, it is possible that, beside common cardiovascular 
risk factors used in the Framingham risk scores, another independent risk factor 
plays a key role in developing cardiovascular disease in women, for example the 
pregnancy complication itself, so that estimated cardiovascular risks increase 
with the severity of the hypertensive pregnancy disorder independent of the 
common measured traditional cardiovascular risk factors.
Most investigators paid attention to cardiovascular risk factor assessment after 
preeclampsia, especially after severe preterm preeclampsia, rather than after 
mild term preeclampsia or gestational hypertension. Some studies combined the 
severe and mild disorders without distinction and as a consequence no conclusions 
can be drawn from earlier follow-up studies on differences in cardiovascular risk 
factors between severe early and mild term preeclampsia19.
Early onset preeclampsia has been described as “a placental disorder”, also to be 
interpreted as a “vessel disorder”. Redman et al.20 described a two stage model 
explaining the pathophysiology. In the first stage, which takes place in the first 
half of pregnancy, the placental development is disturbed. Remodeling of the 
maternal spiral arteries is impaired leading to decrease of the maternal blood 
supply to the placenta. As the pregnancy proceeds the placenta will need more 
blood supply to sustain the growing workload. An underdeveloped placenta will 
ultimately get oxidatively stressed. This is called the second stage. The placenta 
then releases factors into the maternal circulation that cause the clinical 
features of preeclampsia. These appear to arise from a generalized systemic 
immune response, of which endothelial dysfunction is a prominent component. 
On the contrary, late onset preeclampsia has been postulated as a “maternal 
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constitutional disorder”4. It has been suggested that pre-pregnancy unfavourable 
cardiovascular and metabolic factors predispose for (late onset) preeclampsia21. 
The placental or vessel disorders and maternal constitutional disorders may have 
another underlying pathofysiology and link with cardiovascular disease later. 
This hypothesis is supported by the findings in our study; term hypertensive 
disorders were associated with more unfavourable metabolic factors, including 
higher BMI and higher lipid and glucose levels postpartum.

Strengths and Limitations
Strengths of our study include a unique cohort of women with very early onset 
preeclampsia and a large cohort of women with term hypertensive pregnancy 
disorders included within an 11 year-interval, with comprehensive and 
reproducible measurements and assessments. In addition, for the first time, 
our study describes differences in cardiovascular risk factors and compares 
cardiovascular event risks between women with very early onset and women with 
late onset preeclampsia.
Our study has also a few limitations. First, we compared three cohorts from two 
different studies with a significant different follow-up period. The three cohorts 
derived from different centers and two different laboratories analyzed the blood 
samples. This could have biased our study results. Unexpectedly, glucose levels 
were significantly higher in both the HTP and NTP cohort compared to the SPP 
cohort. These differences might be explained by the fact that sodium- fluoride 
tubes were used in both the HTP and NTP cohort to collect blood for glucose and 
that EDTA tubes were used to collect blood for glucose in the SPP cohort. Thus, 
due to these two different storage methods, which could have influenced the 
outcomes, we may not conclude that HTP and NTP have higher glucose levels after 
pregnancies complicated by hypertensive pregnancy disorders. However, for the 
other measured cardiovascular risk factors similar standardized measurements 
were used and are comparable between the three cohorts.
Second, the severe very early onset preeclampsia cohort consisted of only 
20 women and the term hypertensive pregnancy cohort consisted of 300 women. 
As a consequence, the SPP cohort could be underpowered in this study and 
this could be the explanation why we did not find significant differences in 
cardiovascular disease risk estimations. Finally, due to the relative young age 
of our study participants, the estimated 10-year cardiovascular disease risk at 
current age was low in all three cohorts. Therefore, we extrapolated the age to 
60 years. We did not adjust for the fact that cardiovascular risk factors might 
change over time. On the contrary, the advantage of this method is that it is 
possible to adjust for the age difference between women in the SPP cohort and 
women in the HTP cohort and NTP cohort. After extrapolation no differences 
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were found between the estimated 10-year cardiovascular event risks between 
women with a history of severe very early onset preeclampsia and women with 
term hypertensive pregnancy disorders.

Conclusion
In conclusion, women with a history of severe very early onset preeclampsia 
have similar estimated cardiovascular event risks as compared with women 
with a history of term gestational hypertension or preeclampsia. Our study 
supports the hypothesis that the severity of hypertensive pregnancy disorders 
is an independent factor for cardiovascular risk in later life. Further research is 
warranted to investigate whether hypertensive pregnancy disorders and severity 
of the disorder have to be included as an independent variable in cardiovascular 
risk prediction models for more accurate cardiovascular risk prediction in women.
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Abstract

Objective: Cardiovascular disease (CVD) is the leading cause of death in women 
in the western world. Several studies have described the association between 
hypertensive pregnancy disorders and CVD in later life. Our aim was to compare 
postpartum cardiovascular risk factors in women who had a shorter and women 
who had a longer exposure of endothelial activation during their term hypertensive 
pregnancy.

Study design: We studied a subsample of women with pregnancy induced 
hypertension or mild preeclampsia at term, who had participated in the 
randomized HYPITAT trial comparing induction of labour (IOL cohort) (n=110) 
or expectant monitoring (EM cohort) (n=91). We asssed, 2.5 years postpartum, 
cardiovascular risk factors, i.e. blood pressure, anthropometrics, glucose, HbA1C, 
insulin, HOMA score, total cholesterol, HDL cholesterol, triglycerides, high 
sensitive CRP, micro-albumin and metabolic syndrome, and compared these risk 
factors between the induction and expectant group.

Results: The mean time from randomization to delivery was 3.3 days in the 
induction group and 10.3 days in the expectant group (P<.001), generating a 
difference in exposure of 7 days. After a mean follow-up period of 2.5 years, the 
prevalence of hypertension (IOL 34%; EM 37%, p=.66) and metabolic syndrome 
(IOL 26%; EM 27%, p= 1.0) were similar in both groups. Furthermore, systolic 
and diastolic blood pressure, BMI, waist circumference, glucose, HbA1C, insulin, 
HOMA score, lipids, HsCRP-levels and micro-albumin were all comparable 
between women who had induction of labour and those who had expectant 
monitoring.

Conclusion: In women with hypertensive disorders in pregnancy at term, 
induction of labour does not affect the clinical and biochemical cardiovascular 
profile at 2.5 years postpartum.
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Introduction

Cardiovascular disease is still the leading cause of death in women in the 
Western world1. As a consequence, physician’s interest in causality, predisposing 
factors, screening and prevention of developing cardiovascular disease in women 
is rising. Several epidemiological studies have described the association between 
hypertensive pregnancy disorders and cardiovascular disease in later life2.
It is well described that women with a history of early severe preeclampsia 
exhibit more cardiovascular risk factors after their pregnancy compared with 
women with uncomplicated normotensive pregnancies3-7. In addition, we have 
recently shown in a longitudinal follow-up study of the HYPITAT trial that not 
only women with severe early preeclampsia exhibit more cardiovascular risk 
factors after pregnancy, but also women with term gestational hypertension and 
term preeclampsia8.
It has been suggested that pre-pregnancy unfavourable cardiovascular and 
metabolic factors predispose for (late onset) preeclampsia9. However, it is not 
clear whether damage to the vascular endothelium by hypertensive pregnancy 
disorders results in an increased risk of cardiovascular disease in later life or 
whether pre-existing factors underlie both the predisposition to placental disease 
and the later development of cardiovascular disease.
The HYPITAT trial, by Koopmans et al.,10 showed that women with gestational 
hypertension or preeclampsia at term benefit from induction of labour to avoid 
progression to more severe disease during pregnancy. However, if women 
with hypertensive disorders at term also benefit from induction of labour after 
pregnancy, to reduce cardiovascular risk in later life, is unknown. Expectant 
monitoring in women with gestational hypertension and preeclampsia at term 
may negatively affect women’s cardiovascular outcomes in later life.
The aim of this study was to compare cardiovascular risk factors at least two 
years postpartum in women with a history of term hypertensive pregnancy 
disorders who were randomized for induction of labour and women with a history 
of term hypertensive pregnancy disorders who were randomized for expectant 
monitoring in the HYPITAT trial10; Does exposure to a shorter or longer period 
of endothelial activation result in differences of cardiovascular risk factors two 
years postpartum?

Materials and Methods

Between June 2008 and November 2010, women with a history of gestational 
hypertension or preeclampsia at term, who were randomized during their 
pregnancy in a parallel, open-label randomised controlled trial (HYPITAT) 
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between induction of labour and expectant monitoring, were included in the 
current longitudinal follow-up study for cardiovascular risk factor assessment 
2.5 years postpartum.
Between October 2005 and March 2008, the HYPITAT trial10 included women 
with a singleton pregnancy between 36+0 and 41+0 weeks of gestation who had 
gestational hypertension or preeclampsia. Gestational hypertension was defined 
as diastolic blood pressure of 95 mmHg or higher measured on two occasions 
at least 6 hours apart. Preeclampsia was defined as diastolic blood pressure of 
90 mmHg or higher measured on two occasions at least 6 hours apart, combined 
with proteinuria. Proteinuria was defined as two or more occurrences of protein 
on a dipstick, > 300 mg total protein within a 24 hour urine collection, or ratio 
of protein to creatinine > 30 mg/mmol. A detailed description of the exclusion 
criteria has been provided earlier10.

The aim of the HYPITAT trial was to assess whether induction of labour in 
women with hypertensive pregnancy disorders at term reduced the poor maternal 
composite outcome compared with expectant monitoring.
Before randomisation, written informed consent was obtained to participate in 
the HYPITAT trial and in the current longitudinal follow-up study. Both the 
HYPITAT trial and the longitudinal follow-up study were approved by the 
Institutional Review Board of the University of Leiden, and were locally approved 
by the participating hospitals.
Women who were allocated to induction of labour were induced within 24 hours 
of randomisation. Women who were allocated to expectant monitoring were 
intensively monitored until spontaneous onset of labour. Exceptions for expectant 
monitoring included: severe hypertensive disease, eclampsia or HELLP 
syndrome, suspected foetal distress, pre-labour rupture of membranes lasting 
more than 48 hours, meconium stained amniotic fluid, or a foetus with gestational 
age beyond 41 weeks. If a woman developed severe hypertensive disease with 
imminent eclampsia after inclusion in the HYPITAT trial, magnesium sulphate 
prophylaxis was started according to local hospital protocols and induction of 
labour was recommended. In 2009, the procedures and results of the HYPITAT 
trial have been published elsewhere.10

The primary aim of the longitudinal follow-up study of the HYPITAT trial was to 
assess 10-year cardiovascular event risks in women with a history of gestational 
hypertension or preeclampsia at term using the validated Framingham risk 
score8;11. A secondary aim was to compare cardiovascular risk factors at least 
2 years postpartum between induction of labour and expectant monitoring in 
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women with a history of hypertensive pregnancy disorders who participated in 
the HYPITAT trial.
Three Academic hospitals and 17 non-academic hospitals across four 
geographical regions in the Netherlands, participated in the follow-up study of 
the HYPITAT trial. Between June 2008 and November 2010, 492 women of the 
total randomised HYPITAT cohort (n= 756) were eligible for this follow-up study. 
The other randomised women of the HYPITAT trial (n=264) were included in 
non-participating centres of the current follow-up study and were not invited for 
participation.
Research nurses invited and counselled the participants 2.5 years postpartum, 
obtained written informed consent, monitored the study protocol and collected 
the data. All participants were invited into their local center for cardiovascular 
risk factor assessment, including blood pressure, height and weight, hip and 
waist circumference. Venous blood samples were collected after an overnight 
fast and assayed for glucose, HbA1c, insulin, total cholesterol, HDL cholesterol, 
triglycerides and HsCRP. Urine was collected for assessment of micro-albuminuria 
immediately after waking up. The laboratory methods and cardiovascular risk 
factor assessment are described in detail and published elsewhere8;11;12.
Furthermore, participants were asked to complete a questionnaire. This 
questionnaire included questions about their medical history, current use of 
medication, obstetric history, subsequent pregnancy after index pregnancy and 
family history, including CVD.
Women, who were pregnant or lactating, either at the time of enrolment or within 
the last 3 months, were excluded from this follow-up study, as pregnancy and 
lactation have influence on biochemical cardiovascular risk factor levels.

Severe gestational hypertension or severe preeclampsia were defined as either 
systolic blood pressure of 170 mmHg or higher, diastolic blood pressure of 
110 mmHg or higher, or proteinuria of 5 gram or higher per 24 hours.
Hypertension 2.5 years postpartum was defined as systolic blood pressure 
≥ 140 mmHg, or a diastolic blood pressure ≥ 90 mmHg or current use of 
antihypertensive medication. Metabolic syndrome was defined as waist 
circumference ≥ 80 cm. plus any two of raised triglycerides (> 150 mg/dL), reduced 
HDL cholesterol (< 50 mg/dL), raised blood pressure (systolic ≥ 130 mmHg and 
diastolic ≥ 85 mmHg), treatment of previously diagnosed hypertension, raised 
fasting plasma glucose (≥ 100 mg/dL) or previously diagnosed type 2 diabetes13.

Data were analyzed using SPSS software (version 20.0). Continuous data are 
expressed as mean and standard deviation or median and interquartile ranges. 
Nominal data are presented as numbers and percentages. Differences at baseline 
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were assessed using a Chi-square test or student T-test for independent samples 
where appropriate. Skewed distributions were defined as values of more than two 
standard errors of skewness (>│1│). Non-normally distributed data were compared 
using the Mann-Whitney U test. Clinical parameters during pregnancy and after 
2.5 years follow-up were analyzed using univariate regression analysis. All tests 
were two-sided and a p-value of < 0.05 was considered significant.

Results

Of the 492 eligible women for the 2.5 year follow-up study, 19 women (4%) refused 
participation, 203 women (41%) were lost to follow-up, and two women (0.4%) 
moved abroad and 66 women (13%) were excluded because they were again 
pregnant or lactating. One woman had died in a car accident. We followed up 
with 201 women with a history of term gestational hypertension or preeclampsia, 
of which 110 women (55%) had been randomized for induction of labour and 
91 women (45%) had been randomized for expectant monitoring.
Baseline and clinical characteristics of the index pregnancy of the subjects are 
shown in Table 1. At index pregnancy, women who were randomized for expectant 
monitoring had more often a diastolic blood pressure ≥ 110 mmHg and more often 
a systolic blood pressure ≥ 170 mmHg during pregnancy or immediately after 
delivery and they used more oral antihypertensive medication and intravenous 
magnesium sulfate (MgSO4) after randomization compared with women who 
were randomized for induction of labour. Furthermore, severe disease was more 
prevalent in the expectant monitoring cohort compared with the induction of 
labour cohort (40% vs. 20%. P=.003). Women who were randomized for expectant 
monitoring had a significantly longer prolongation of pregnancy with an average 
of seven days. There were no significant differences in maternal age, parity, 
ethnicity, blood pressure at first antenatal visit, smoking, blood pressure at study 
entry, or hypertensive-related disease (gestational hypertension or preeclampsia).
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Table 1. Baseline and initial outcome characteristics of women who had induction of 
labour and expectant monitoring
Characteristics Index Pregnancy Induction of 

Labour Cohort 
(n=110)

Expectant 
Monitoring 
Cohort (n=91)

P value

Maternal age at the time of labour, years 30.8 (5.3) 31.0 (5.3) .82
Nulliparous 73 (34%) 62 (68%) .88
Family history of CVD < 60 years in first degree 
relative 

19 (18%) 12 (14%) .56

Race, Caucasian 90 (91%) 76 (91%) 1.0
Diastolic blood pressure at first antenatal visit, 
mmHg

73 (8.9) 73 (9.3) .96

Systolic blood pressure at first antenatal visit, 
mmHg

121 (11) 122 (13) .58

Body mass index at first antenatal visit, kg/m2 27 (5.6) 26 (5.0) .38
Smoking 17 (17%) 13 (15%) .84
Spontaneous onset of labour 3 (2.7%) 43 (47%) <.001
GA delivery, weeks 38.8 (1.2) 39.7 (1.1) <.001
Spontaneous delivery 76 (69%) 59 (65%) .55
Prolongation of pregnancy after randomization 
(days)

3.3 (2.9) 10.3 (7.1) <.001

Sex, Female 52 (47%) 44 (48%) .89
Small for gestational age 8 (7.3%) 6 (6.6%) 1.0
Systolic blood pressure at study entry HYPITAT, 
mmHg

146 (12) 145 (12) .78

Diastolic blood pressure at study entry HYPITAT, 
mmHg

98 (5.4) 98 (5.3) .45

Intravenous antihypertensive medication after 
randomization

5 (4.6%) 8 (8.9%) .26

Oral antihypertensive medication after 
randomization

9 (8.3%) 22 (24%) .003

MgSO4 use after randomization 7 (6.5%) 15 (17%) .04
Diastolic blood pressure ≥ 110 mmHg 15 (14%) 27 (30%) .01
Systolic blood pressure ≥ 170 mmHg 13 (12%) 23 (25%) .02
Highest systolic blood pressure, mmHg 151 (13) 158 (17) .001
Highest diastolic blood pressure, mmHg 99 (8.5) 103 (9.1) .009
Hypertensive disorder, PIH* 84 (76%) 66 (73%) .62
Hypertensive disorder, PE* 26 (24%) 25 (28%)
Severe disease 22 (20%) 36 (40%) .003
Data are presented as mean (SD) or n (%).
Statistical tests: Chi-square and independent samples T-test.
Severe disease was defined as: systolic blood pressure of 170 mmHg or higher, diastolic blood 
pressure of 110 mmHg or higher or proteinuria of 5 gram or higher per 24 hours
* PIH= gestational hypertension, PE= preeclampsia
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At 2.5 year follow-up no significant differences in clinical characteristics were 
found between women who were randomized for induction of labour and women 
who were randomized for expectant monitoring (table 2). Univariate regression 
analysis showed that the use of intravenous antihypertensive medication after 
randomization during index pregnancy was associated with a higher systolic blood 
pressure 2.5 years postpartum (OR 1.05, 95% CI (1.01 – 1.09). No associations 
were found between other maternal clinical pregnancy parameters, including 
intravenous antihypertensive medication use, BMI at first antenatal visit, severe 
disease and the use of magnesiumsulfate and clinical parameters at 2.5 years 
postpartum, including diastolic blood pressures and prevalence of hypertension. 
Both BMI 2.5 years postpartum (OR 1.05, 95% CI (1.00- 1.11)) and age at follow-up 
(OR 1.12, 95% CI (1.04- 1.17)) were associated with the prevalence of hypertension 
2.5 years postpartum. No association was found between waist circumference 
2.5 years postpartum and the prevalence of hypertension 2.5 years postpartum.

Table 2. Clinical characteristics of women who had induction of labour and expectant 
monitoring 2.5 years postpartum.
Characteristics Induction of labour 

Cohort (n=110)
Expectant Monitoring 
Cohort (n=91)

P value

Maternal age at follow-up, years 33.4 (5.3) 33.3 (5.6) .99
Primiparous 41 (38%) 38 (44%) .46
BMI at follow-up, kg/m2 28 (6.0) 28 (5.6) .89
Follow-up period, days 929 (161) 912 (146) .44
Waist, cm. 91 (14) 91 (12) 1.0
Hip, cm. 110 (13) 110 (13) .98
Systolic blood pressure at 2.5 years 
follow-up, mmHg

125 (14) 125 (12) .84

Diastolic blood pressure at 2.5 years 
follow-up, mmHg

82 (9.9) 84 (9.0) .18

Hypertension 37 (34%) 33 (37%) .66
Antihypertensive medication use at 
2.5 years follow-up.

10 (9.4%) 12 (14%) .37

Metabolic Syndrome 28 (26%) 22 (27%) 1.0
Data are presented as mean (SD) or n (%).
Statistical tests: Chi-square and independent samples T-test.

Table 3 shows biochemical cardiovascular risk factors 2.5 years after index 
pregnancy in women who were randomized for induction of labour and women 
who were randomized for expectant monitoring. No significant differences were 
found between the two cohorts. Univariate regression analysis showed that 
none of the maternal clinical parameters during index pregnancy, including 
intravenous antihypertensive medication use, severe disease and the use of 
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magnesiumsulfate were associated with biochemical cardiovascular risk factor 
levels 2.5 years postpartum.

Table 3. Biochemical cardiovascular risk factors in women who had induction of labour 
and expectant monitoring, 2.5 years postpartum.
Biochemical Cardiovascular 
Risk Factor 

Induction of Labour 
Cohort
(n=110)

Expectant Monitoring 
Cohort (n=91)

P value

Microalbumin urine, mmol/L 6.0 (3.3-12) 4.5 (3.0-12) .15
Fasting blood glucose, mg/dl 4.7 (4.5-5.1) 4.9 (4.5-5.1) .33
Insulin, mU/L 4.8 (2.0-8.2) 4.6 (2.0-7.2) .51
HOMA score 1.0 (0.4-1.8) 1.0 (0.4-1.5) .62
HbA1c, % 5.4 (5.2-5.6) 5.4 (5.1-5.6) .68
Total cholesterol, mg/dl 4.7 (4.2-5.5) 4.9 (4.2-5.3) .92
HDL cholesterol, mg/dl 1.3 (1.2-1.5) 1.4 (1.2-1.5) .87
Triglycerides, mg/dl 0.9 (0.7-1.3) 1.0 (0.7-1.5) .16
HsCRP, mg/L 2.5 (1.0-5.8) 2.5 (1.3-4.6) .85
Data are presented as median (IQR).
Statistical test: Mann Whitney U test.

Comments

We found no significant differences in clinical characteristics and biochemical 
cardiovascular risk factors 2.5 years postpartum between the women with 
a history of term hypertensive pregnancy disorders who were randomized for 
induction of labour and those who were randomized for expectant monitoring.
This finding suggests that a prolonged exposure to hypertensive disorders in 
pregnancy, of almost one week, does not affect women’s cardiovascular disease 
risk later in life. Thus, women with term hypertensive pregnancy disorders 
benefit from induction of labour to avoid progression to more severe disease 
during pregnancy, but it seems that they do not benefit from induction of labour 
to reduce cardiovascular risk factor levels after pregnancy.
Current hypothesis of the pathogenesis of preeclampsia suggests that the 
preeclampsia syndrome may result from a complex interaction between fetal 
placental factors and/or maternal constitutional factors and/or maternal vascular 
or maternal immunological maladaptation to pregnancy and that preeclampsia 
can be divided in two categories. In the first category, placental preeclampsia, 
the disorder is a result of a placenta that is under hypoxic conditions with 
oxidative stress14. This dysfunctional placenta is considered to initiate a 
generalized systemic immune response in which endothelial dysfunction is an 
important component15. The second category, maternal preeclampsia, is more 
an abnormal maternal response than an abnormal pregnancy and results 
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from the interaction between a normal placenta and a maternal constitutional 
problem, which is prone to microvascular disease as with chronic hypertension or 
diabetes. Furthermore, the maternal constitutional problem not only predisposes 
for maternal preeclampsia, but also for cardiovascular disease in later life and 
there might be an additional effect of persistent endothelial damage15. A third 
category is the mixture of above mentioned syndromes and combines maternal 
and placental contributions. A possible explanation for the fact that we did not 
find a difference in postpartum cardiovascular risk factors in women who had a 
shorter and women who had a longer exposure of endothelial activation during 
their term hypertensive pregnancy might be the relative short time interval of 
only 7 days between induction of labor and expectant management and / or the 
mild presentation of the disease. Another explanation might be that the follow-up 
period of 2.5 years was too short to find a difference in cardiovascular risk factors 
between the two cohorts. Perhaps there are differences in cardiovascular risk 
factors that could be found after 10 or 20 years postpartum.
Most likely, the association of term preeclampsia and cardiovascular disease 
in later life is mainly or only based on maternal constitutional factors. If this 
is the case, our findings are logical, as maternal constitutional factors are not 
influenced by induction of labour or expectant monitoring.
Our results and conclusions can not be translated to severe early preeclampsia, 
as this disorder might have a different pathogenesis and it is well known that 
women with severe early preeclampsia have a higher risk of cardiovascular 
disease later in life compared with women with term hypertensive pregnancy 
disorders.
To our knowledge, no other studies have focused on the effect of induction of 
labour or expectant monitoring on cardiovascular risk factors or cardiovascular 
outcomes in later life.

The major strength of our study is that we longitudinally followed-up with women 
who had participated in a randomized controlled trial, which has resulted in 
a large and strong cohort. We included women with hypertensive pregnancy 
disorders at term, as these are most common in daily obstetric practice.
Limitations of this study should also be pointed out. First, the lost to follow-up 
percentage was 41%.The majority of women who were lost to follow-up could not be 
reached by phone or mail (despite approaching them two times and approaching 
their general practioner). This may have resulted in selection bias. Comparative 
baseline characteristic data of women who were not included in the current 
follow-up study showed that women who were lost to follow-up were significantly 
younger during the HYPITAT trial compared to the included women (mean (SD), 
29 (5.0) vs. 31y (5.4), p<.001) and more often non- Caucasian (18% vs. 9%, p=.01). 
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All other baseline characteristics including systolic and diastolic blood pressure 
at booking, BMI at booking, parity, and gestational age at delivery, severity of 
hypertensive disorder during pregnancy and medication use during pregnancy 
(antihypertensive and anticonvulsive medication) were comparable between 
included and non-included women. A possible explanation for the high lost to 
follow-up percentage is that women either moved after starting a young family, or 
changed their cell phone numbers.
A second limitation is the relatively short follow-up period. We assessed 
young women for cardiovascular risk factors, which are surrogate endpoints 
for cardiovascular disease. Therefore, we cannot draw a proper conclusion on 
prolonged exposure to hypertensive pregnancy disorders and its long term 
cardiovascular disease outcome in this specific cohort.
Third, this study was not conducted to prove a causal link between term 
hypertensive pregnancy disorders and cardiovascular disease in later life. 
Instead, we used a pragmatic approach to test our hypothesis that women with 
a longer exposure to endothelial activation during pregnancy would exhibit 
more unfavourable cardiovascular risk factors. Finally, the current study might 
be underpowered as the comparison of cardiovascular risk factors 2.5 years 
postpartum between induction of labour and expectant monitoring in women 
with a history of hypertensive pregnancy disorders was a secondary aim of the 
HYPITAT follow-up study. A post-hoc power analysis of the current study showed 
that we had had to include 11634 women (5817 women in each group) for 80% 
power and a 5% type 1 error probability (two sided), for inclusion in 1:1 ratio to 
reach statistical significance for the cardiovascular risk estimates calculated by 
the Framingham risk score. For the outcome prevalence of hypertension, we had 
had to include 7986 women (3993 women in each group) for 80% power and a 5% 
type 1 error probability (two sided), for inclusion in 1:1 ratio to reach statistical 
significance.
In conclusion, cardiovascular risk factors do not differ 2.5 years postpartum 
in women with a history of term hypertensive pregnancy disorders, who were 
randomized for induction of labour or expectant monitoring.
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Abstract

Objectives: To assess the cost-effectiveness of post-partum screening on 
cardiovascular risk factors and subsequent treatment in women with a history of 
gestational hypertension or pre- eclampsia at term.

Study design: Two separate Markov models evaluated the cost-effectiveness 
analysis of hypertension (HT) screening and screening on metabolic syndrome 
(MetS), respectively, as compared to current practice in women with a history 
of term hypertensive pregnancy disorders. Analyses were performed from the 
Dutch health care perspective, using a lifetime horizon. One-way sensitivity 
analyses and Monte Carlo simulation evaluated the robustness of the results.

Results: Both screening on HT and MetS in women with a history of gestational 
hypertension or pre-eclampsia resulted in increase in life expectancy (HT 
screening 0.23 year (95%CI -0.06 to 0.54); MetS screening 0.14 years (95%CI -0.16 
to 0.45)). The gain in QALYs was limited, with HT screening and MetS screening 
generating 0.04 QALYs (95%CI -0.12 to 0.20) and 0.03 QALYs (95%CI -0.14 to 
0.19)), resulting in costs to gain one QALY of €4,228 and €28,148, respectively. 
Analyses for uncertainty showed a chance of 74% and 75% respectively that post-
partum screening is cost-effective at a threshold of €60,000/QALY.

Conclusions: According to the available knowledge post-partum screening on 
cardiovascular risk factors and subsequent treatment in women with a history 
of gestational hypertension or pre-eclampsia at term is likely to be cost-effective.
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Introduction

Hypertensive disorders are common complications of pregnancy, as 6-8% of all 
pregnancies are complicated by gestational hypertension or pre-eclampsia.1;2 
Accumulating evidence suggests that women experiencing hypertensive 
pregnancy disorders are at increased risk for cardiovascular disease later in 
life.3 It has been suggested that pregnancy acts as a “natural stress test” and 
pregnancy offers an opportunity to identify women who are at high risk for 
cardiovascular disease later in life.4
Several studies have assessed cardiovascular risk factors after pregnancy in 
women who experienced hypertensive pregnancy disorders.5;6 Women with a 
history of hypertensive pregnancy disorders appear to exhibit more cardiovascular 
risk factors compared to women with a history of normotensive pregnancies.6 
Cardiovascular disease in women may be reduced by early detection of presence 
of cardiovascular risk factors after their complicated pregnancy and subsequent 
lifestyle interventions, including smoking cessation, being active, avoiding 
overweight or weight reduction, and by having a blood pressure, glucose or blood 
cholesterol check if indicated (and intervention if abnormal results).
The American Heart Association guidelines (2011) recommend for cardiovascular 
risk screening in women to assess obstetric history in all asymptomatic women 
and consider pre-eclampsia as risk factor for later life maternal cardiovascular 
disease.7 However, these guidelines still lack detailed advice and recommendations 
for subsequent screening with preventive treatments for cardiovascular disease 
(CVD), as, at present, evidence on costs and cost-effectiveness of cardiovascular 
screening and intervention programs in women who suffered from hypertensive 
pregnancy disorders is lacking.
The Hypertension Risk Assessment Study (HyRAS) aimed to identify 
cardiovascular risk factors post-partum and subsequently estimate individual 
cardiovascular event risks in women with a history of term gestational 
hypertension or term pre-eclampsia. The present study reports a model based 
economic evaluation performed alongside the HyRAS study.8

Methods

HyRAS study
Full details of the Hypertension Risk Assessment Study (HyRAS study) have 
been reported previously.8;9 In short, two-and-a-half year post-partum a 
cardiovascular risk factor assessment was performed in women who developed 
gestational hypertension or pre-eclampsia at term. Women were identified from 
the Hypertension and Pre-eclampsia Intervention Trial at Term (HYPITAT).10 
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These women either had pregnancy induced hypertension with a diastolic blood 
pressure of at least 95 mmHg during pregnancy, measured on two occasions at 
least six hours apart; or had a pre-eclampsia, defined as diastolic blood pressure of 
90 mmHg or higher measured on two occasions at least six hours apart, combined 
with proteinuria (two or more occurrences of protein on a dipstick, ≥ 300 mg total 
protein within a 24 hours urine collection, or ratio of protein to creatinine > 30 
mg/mmol).
The cardiovascular risk factor assessment included measurements of blood 
pressure, weight, height, hip and waist circumference. Venous blood samples were 
taken after an overnight fast for glucose, HbA1c, insulin, total cholesterol, HDL 
cholesterol, triglycerides and HsCRP and micro-albuminuria and all participants 
were asked to fill out a medical questionnaire, including medical history, current 
use of medication, obstetric history, subsequent pregnancy after index pregnancy 
and family history, including CVD. Hypertension was defined as systolic blood 
pressure ≥ 140 mmHg, or a diastolic blood pressure ≥ 90 mmHg or current use of 
antihypertensive medication. For metabolic syndrome we used the definition of 
the International Diabetes Federation.11

Women with a history of hypertensive pregnancy disorders at term had a higher 
prevalence of hypertension (34% versus 1%, OR 51.5, 95% CI 7.1-374) and metabolic 
syndrome (25% versus 5%, OR 6.0, 95% CI 2.3-15) 2.5 years post-partum, and 
they had more often unfavorable cardiovascular risk factors compared to women 
with a history of uncomplicated normotensive pregnancies.8

Model development
We developed two separate Markov models: the first model focuses on 
hypertension screening and subsequent treatment with antihypertensive 
medication (Supplemental Figure 1); the second model focuses on screening for 
metabolic syndrome and subsequent lifestyle intervention (Supplemental Figure 
2). Detailed descriptions of Markov decision analysis are available elsewhere.12;13 
Briefly, a hypothetical cohort of patients can move through a number of health 
states over a number of time cycles. In our models, cycles represent a period of one 
year, after which patients can move to one of the other health states according 
to predefined probabilities. Individuals may move from one state to another (for 
example, when a patient is well but then has a cardiovascular event) or may 
remain in the same health state (for example, remaining well or remaining 
functionally dependent after a cardiovascular event). Health states from which 
no movement is possible (in this case, death) are known as ‘absorbing’ health 
states. Taking a life-time perspective, each model was run until all individuals 
had died. Markov models were developed and analyzed in TreeAge Pro 2009 
Suite software (TreeAge Software, Inc, Williamstown, MA).
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Figure 1. Probabilistic sensitivity analysis and cost-effectiveness acceptability curve 
(hypertension screening)
Caption: Top: Each dot represent 1 iteration of the model where the results are based on a random 
combination of possible values for the model parameter. Y-axis represents incremental costs of 
hypertension screening compared with current practice. X-axis represents incremental QALYs 
with hypertension screening compared with current practice. Below: Y-axis represents probability 
that cost per QALY gained is less than or equal to values on X-axis.
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Figure 2. Probabilistic sensitivity analysis and cost-effectiveness acceptability curve 
(metabolic syndrome screening)
Caption: Top: Each dot represent 1 iteration of the model, where the results are based on a random 
combination of possible values for the model parameter. Y-axis represents incremental costs of 
metabolic syndorme screening compared with current practice. X-axis represents incremental 
QALYs with matabolic syndrome screening compared with current practice. Below: Y-axis 
represents probability that cost per QALY gained is less than or equal to values on X-axis.
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Model parameters
Women with a history of term gestational hypertension or term pre-eclampsia 
were eligible to enter the model at pregnancy at 31.7 years of age, the average 
age at delivery of women in the HyRAS database. The probabilities to develop 
hypertension or metabolic syndrome within two-and-a-half years after delivery 
were obtained from the same database, as were the probabilities to be treated 
for hypertension or metabolic syndrome without screening. The risk to develop 
hypertension or metabolic syndrome later in life is unknown for women with a 
history of term gestational hypertension or term pre-eclampsia, and is no subject 
of analyses.
Annual risks on a cardiovascular event (CVE) in women with hypertension or 
metabolic syndrome were calculated using the 10-year general cardiovascular 
disease risks score by Framingham.14 Other parameters included in this algorithm 
were also based on the HyRAS database.8 Although women’s age as the most 
important predictor for a CVE increased with every Markov cycle, all parameters 
were constant over time. Data on how these parameters develop over time in 
these women are unavailable. The parameters included in the Framingham risk 
score of each risk group are summarized in Table 1.

In the hypertension model, treatment consisted of antihypertensive medication. 
Blood pressure lowering treatment is recommended ≥140/90 mmHg. This is in 
line with the European Society of Hypertension and the Seventh Report of the 
Joint National Committee on Prevention, Detection, Evaluation, and Treatment 
of High Blood Pressure, which recommends treatment of a blood pressure 
≥140/90 mm Hg in adolescents.15-17 Relative risks to develop a CVE was 0.65 in 
women with good blood pressure regulation (systolic blood pressure <140 mm), 
and 0.83 in women with poor blood pressure regulation (systolic blood pressure 
≥ 140 mm)18-23. The influence of side effects and compliance was accounted for in 
the model.23;24

In the metabolic syndrome model, treatment consisted of a lifestyle intervention, 
which comprised intensive exercise programs, dietary counseling and smoking 
cessation programs during the first 8 weeks from experts. Participants are 
offered follow-up mentoring, which can continue as long as they wish. At 
regular intervals, the prevention manager collects objective measurements on 
participants, ie, blood pressure, weight, and waist and hip circumferences.25;26 
Women participating in the lifestyle program have beneficial effects on the risk 
parameters included in the Framingham score according to a recent literature 
review. The authors of this review included studies reporting on the effects of 
lifestyle intervention in women aged 30 -60 years.25 We assumed that all women 
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with metabolic syndrome participate in either intervention until CVE or death. 
Sensitivity analyses will stress this assumption.
Probabilities of a CVE include (fatal) myocardial infarction, (fatal) cerebrovascular 
event, or a cerebrovascular event resulting in functional dependence or a recurrent 
CVE were obtained from published literature and national health surveys. If 
possible these probabilities were differentiated by age strata.24;27-36 Any second 
CVE was considered to be fatal. An overview of all probabilities can be found in 
Supplemental Table 1
Utilities were obtained directly with the standard gamble method using data from 
148 hypertensive patients who participated in an observational study (n = 52) 
and in a randomized controlled trial of decision analysis in newly diagnosed 
hypertensive patients (n = 96). Since utilities were not normally distributed we 
used median values (Supplemental Table 2).24;37

The cost of antihypertensive medication were obtained from a Dutch drug 
registry.38;39 Cost data for lifestyle intervention, stroke care, and myocardial 
infarction care were obtained from published literature.24;26;40;41 All cost estimates 
were updated to 2011 Euros with the Dutch consumer price indices (http://
statline.cbs.nl), and are listed in Supplemental Table 3.42

Model analysis
Analyses were performed from the Dutch health care perspective. In both models 
we compared current practice, in which women are not routinely screened post-
partum, with a screen-and-treat strategy starting 2.5 years post-partum. First, 
we compared the strategies in terms of event free survival and life expectancy. 
Secondly, life expectancy was adjusted for reduced health-related quality of life 
using utilities, to estimate quality adjusted life years (QALYs). The economic 
evaluation was set up as a cost-utility analysis, expressing the cost-effectiveness 
of each strategy in terms of costs per QALY. Comparative effects were expressed 
as incremental cost-effectiveness ratios (ICER), defined as the ratio of the 
difference in costs and the difference in effectiveness between two interventions, 
i.e. the costs per additional QALY gained. To correct for time preference, we used 
a 1.5% annual discount rate for effectiveness and a 4% annual discount rate for 
the costs according to the Dutch Costing Guidelines.39 Half cycle corrections were 
used, because it is plausible that events could occur at any time within each cycle.
One-way sensitivity analyses were performed to estimate the impact of various 
assumptions. The interval between the delivery and post-partum screening was 
varied, because treatment in young relatively low risk women may be abundant 
until they reach a certain age. Both models were analyzed with a 0%, 3% and 
4% discount rate for both costs and effects. In the metabolic syndrome model 
we varied the duration of the therapeutic effect of lifestyle intervention, because 
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the effectiveness on lifestyle intervention on its own, the duration of beneficial 
effect and compliance are subject of discussion. Adherence problems during anti-
hypertensive treatment are known, and incorporated in the hypertension model, 
making one-way sensitivity analysis unnecessary.
Robustness of the results was evaluated in multivariate sensitivity analysis, 
using probabilistic Monte Carlo simulations to determine the simultaneous 
effect of uncertainty across multiple parameters. We used beta distributions for 
probabilities, log-normal distributions for relative risks, triangular distributions 
for utilities and gamma distributions for costs. From this analysis 95% confidence 
intervals (CI) were derived. The results were visually presented as a scatter 
plot of incremental cost-effectiveness ratios (cost-effectiveness plane) and as 
cost-effectiveness acceptability curves (CEACs). CEACs show the probability 
that either screening program is cost-effective for a range of cost-effectiveness 
thresholds.

Results

Costs, health outcomes and ICERs for both hypertension and metabolic syndrome 
screening, are reported in table 2. Overall costs between both models differed, 
because of different costs for screening and treatment (Supplemental Table 3), 
and because of the health state metabolic syndrome, which is costly and only 
included in the metabolic syndrome model.

Table 2. Life expectancy, cardiovascular event free years, quality adjusted life years 
(QALYs) and costs of screening strategies compared with current practice
Hypertension 
screening

Screening Current practice Incremental 95% CI ICER**

Life expectancy* 50.19 49.96 0.23 -0.06 0.54

Event free years* 47.38 46.96 0.42 0.07 0.76

QALYs* 34.59 34.55 0.04 -0.12 0.20 € 4,228

Costs (2011 euro’s) € 4,489 € 4,323 €166 € 274- € 605

Metabolic syndrome 
screening

Screening Current practice Incremental 95% CI ICER**

Life expectancy* 49.95 49.81 0.14 -0.16 0.45

Event free years* 46.83 46.69 0.14 -0.21 0.48

QALYs* 34.09 34.06 0.03 -0.14 0.19 € 28,148

Costs (2011 euro’s) € 9,984 € 9,251 € 733 € 172 € 1.294
* additional years above the age at partus (31,74 years), **the incremental cost effectiveness ratio 

(ICER) represents the additional costs to gain one QALY
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A strategy of screening and treatment of hypertension 2.5 year post-partum in 
women with a history of gestation hypertension or pre-eclampsia resulted in 
an increase in life expectancy (0.23 years; 95%CI -0.06 to 0.54) and event free 
survival (0.42 years; 95%CI 0.07 to 0.76), compared to current practice without 
systematic screening (Table 2). This increase in life expectancy and event free 
survival resulted in health gain in respectively 93 and 99% of all analyses. 
Screening on metabolic syndrome and lifestyle intervention resulted a somewhat 
lower increase in life expectancy (0.14 years; 95%CI -0.16 to 0.45) and event free 
survival (0.14 years; 95%CI -0.21 to 0.48). Associated health gain was seen in 
respectively 80 and 78% of all analyses.
The incremental effect of screening for hypertension 2.5 years post-partum and 
subsequent lifetime treatment was 0.04 QALYs (95%CI -0.12 to 0.20), compared 
to current practice in women with a history of gestational hypertension or pre-
eclampsia. Because screening prevents expensive cardiovascular events the 
incremental costs this strategy are relatively low €166 (95%CI -€274 to €605). 
The costs to gain one additional QALY by hypertension screening and treatment 
(ICER) were €4,228. The incremental effect of screening on metabolic syndrome 
2.5 years post-partum and subsequent lifestyle intervention if metabolic 
syndrome is present is 0.03 QALYs (95%CI -0.14 to 0.19), compared to current 
practice in women with a history of gestational hypertension or pre-eclampsia. 
Average lifetime costs per patient are higher in the screening strategy, but still 
relatively low (€733; 95% CI €172 to €1,294). The costs to gain one additional 
QALY by metabolic syndrome screening and subsequent lifestyle intervention 
(ICER) are €28,148.
One way sensitivity analyses are presented in table 3. Screening later in life 
did not influence effectiveness very much in both models, while costs reduced, 
resulting in favorable ICERs. Increasing the discount rates made both screen-
and-treat strategies less favorable, even resulting in an ICER above the €60,000 
willingness-to-pay threshold in case of discount rate of 4% for effectiveness. 
The same occurs in the metabolic syndrome model when we assume a shorter 
therapeutic effect of lifestyle intervention, especially when women participate for 
less than 15 years in a lifestyle program.
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Table 3. One-way sensitivity analyses examining incremental cost-effectiveness ratio of 
hypertension and metabolic syndrome screening
Hypertension model    
Assumption Incremental 

QALYs
Incremental costs 
(2011 euros)

ICER

Base case 0.04 € 166 € 4,228
Screening at a later moment in life (base case 2,5 years post-partum)

5 years post-partum 0.04 € 122 € 2,981
10 years post-partum 0.04 € 62 € 1,488
15 years post-partum 0.04 € 22 € 569
20 years post-partum 0.03 € 2 € 57

Discount rate (base case, costs 4%, health outcomes 
1.5%)

No discounting for both costs and health outcomes 0.10 € 13 € 129
4% for both costs and health outcomes 0.00 € 166 € 64,159
3% for both costs and health outcomes 0.01 € 161 € 13,556

Metabolic syndrome model  
Assumption Incremental 

QALYs
Incremental costs 
(2011 euros)

ICER

Base case 0.03 € 733 € 28,148
Screening at a later moment in life 

5 years post-partum 0.02 € 628 € 25,564
10 years post-partum 0.02 € 480 € 21,824
15 years post-partum 0.02 € 361 € 19,025
20 years post-partum 0.02 € 268 € 17,154

Discount rate (base case, costs 4%, health outcomes 
1.5%)

No discounting for both costs and health outcomes 0.05 € 1,552 € 31,414
4% for both costs and health outcomes 0.01 € 733 € 74,016
3% for both costs and health outcomes 0.01 € 855 € 59,522

Lifestyle participation itself valued beter than non-
participation*

0.31 € 733 € 2,364

Limited participation in life style program 
2 years 0.00 € 187 € 128,219
5 years 0.00 € 294 € 84,951
10 years 0.01 € 444 € 61,799
15 years 0.01 € 562 € 48,966
20 years 0.02 € 653 € 41,102

Caption: *utility = 0.9995 instead of 0.95
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Figure 3: Probabilistic sensitivity analysis and cost-effectiveness acceptability curve 
(metabolic syndrome screening – participation in lifestyle intervention itself is valued 
benificial)
Caption: Top: Each dot represent 1 iteration of the model, where the results are based on a random 
combination of possible values for the model parameter. Y-axis represents incremental costs of 
metabolic syndrome screening compared with current practice. X-axis represents incremental 
QALYs with matabolic syndorme screening compared with current practice. Below: Y-axis 
represents probability that cost per QALY gained is less than or equal to values on X-axis.
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The cost-effectiveness plane of screening for hypertension 2.5 years post-partum 
and subsequent lifetime treatment visualizes the finding that both the beneficial 
effect and the costs were not significantly different, and the CEAC shows that at 
a threshold of €20,000 per QALY the probability that hypertension screening is 
cost-effective is 71%. There is a 74 % chance that hypertension screening is cost-
effective at a threshold of €60,000/QALY (figure 1).The CEAC of screening on 
metabolic syndrome 2.5 years post-partum and subsequent lifestyle intervention 
visualizes that at a threshold of €20,000 per QALY the probability that metabolic 
syndrome screening is cost-effective is 63%. There is a 75% chance that metabolic 
syndrome screening is cost-effective at a threshold of €60,000/QALY (figure 2).
However, if we assume that lifestyle participation itself has a positive effect 
on quality of life compared to non-participation, the incremental effect is 0.31 
(95% CI -0.04 to 0.58), and the costs to gain one additional QALY by metabolic 
syndrome screening and lifestyle intervention (ICER) is €2,364. The CEAC shows 
that at a threshold of €20,000 per QALY the probability that metabolic syndrome 
screening is cost-effective is 98%. There is a 99% chance that metabolic syndrome 
screening is cost-effective at a threshold of €60,000/QALY (figure 3).

Discussion

Principal findings
This study assessed the cost-effectiveness of post-partum screening on 
cardiovascular risk factors and subsequent treatment in women with a history 
of gestational hypertension or pre-eclampsia at term, through two independent 
Markov models.
Both strategies – screening on hypertension and subsequent treatment with 
antihypertensive medication and screening on metabolic syndrome and 
subsequent lifestyle intervention - were found to have a substantial probability 
to be cost-effective. The costs to gain one QALY were respectively €4,228 and 
€28,148. Analyses for uncertainty showed a chance of x 71% and 63% respectively 
that post-partum screening is cost-effective at a threshold of €20,000/QALY. 
There is respectively a 74% and 75% chance that post-partum screening is cost-
effective at a threshold of €60,000/QALY.
The only assumptions that stressed the results were higher discount rates, 
and a shorter participation (<15 years) in lifestyle intervention. Assuming that 
lifestyle intervention itself adds quality improved cost-effectiveness considerably. 
Finally, one-way sensitivity analysis suggested that screening and treatment 
could possibly postponed until at least 15 years post-partum without unfavorable 
effects on health outcomes.

Hermes.indd   184 1-4-2014   9:19:25



10

185Cost-effectiveness analysis 

Strengths and weaknesses
Strengths of our study are the comprehensive literature search performed to 
retrieve input for the Markov models and the extensive sensitivity analysis using 
both one-way and Monte Carlo analyses with appropriate distributions. Model 
parameters were based on women specific estimates. We used similar health 
states in both Markov models, making the models comparable.
Model-based analyses also have their limitations, as models imply a simplification 
of a more complex reality. Ideally, one would like to create a Markov model that 
incorporates screening and patient tailored care, in which multiple cardiovascular 
risk factors are simultaneously treated in each individual patient (according to 
current guidelines) allowing synergic treatment effects. As a first step towards 
such a highly complex model, we developed two separate Markov models: the first 
focusing on the occurrence of hypertension 2.5 years post-partum, the second 
on the occurrence of metabolic syndrome in the very same population. Other 
independent risk factors, such as dyslipidemia and hyperglucosemie and their 
treatment options were not incorporated, even as the impact of intervention on 
subsequent pregnancies and health outcomes.
Furthermore we were limited by the available information on cardiovascular 
risks and treatment options in women, and especially in women with a 
history of gestational hypertension or pre-eclampsia. Several assumptions and 
extrapolations were needed to develop this model. The most important was that 
we extrapolated the Framingham risk score from 2.5 years post-partum to later 
in life (only increasing the age in the logarithm). Gestational hypertension or pre-
eclampsia was not considered as an independent risk factor for CVE, as literature 
on this matter is not conclusive. In addition we assumed that therapeutic results 
of antihypertensive treatment and lifestyle intervention can be expected at all 
ages, and that these therapeutic results are the same as in a regular population 
with hypertension or metabolic syndrome.
Another limitation that should be acknowledged is that many of the inputs for the 
modeling were based on a northern European population. It is quite likely that 
globally, the impact of screening and management of hypertension and metabolic 
syndrome may be even higher if African, African American, or Asian women 
were represented.
Finally, it remains questionable if discounting should be applied in cost-
effectiveness analyses for prevention programs.43 Health benefits in prevention 
programs occur later in life, while costs are made from the start of screening 
programs. As result health benefits are discounted more than costs, resulting in 
less favorable ICERs.
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Relation to other studies
To our knowledge this is the first study that assessed the cost-effectiveness of 
post-partum screening on cardiovascular risk factors and subsequent treatment 
in women with a history of gestational hypertension or pre-eclampsia at term. 
The incremental effects and ICERs we found are comparable to cost-effectiveness 
estimates of statins and antihypertensive medication in the prevention of 
vascular disease.24;41 These interventions are incorporated to a great extent 
in our daily practice, while post-partum screening in women with a history of 
gestational hypertension or pre-eclampsia is still not common practice. However, 
our estimates encompassed more uncertainty, resulting in lower probabilities of 
an intervention to be cost-effective.

Meaning of the results
A history of gestational hypertension or pre-eclampsia at term is associated with 
an increased incidence of hypertension, metabolic syndrome and unfavorable 
biochemical cardiovascular risk factors in young women.8 Post-partum screening 
and subsequent intervention in those women might increase life expectancy, event 
free survival and QALYs, against acceptable costs. Concerns could be raised about 
the cost-effectiveness of screening and subsequent intervention in this young and 
relative healthy population, especially if one takes into consideration the stress 
of a positive test, and its impact on quality of life. Screening later in life may be 
more appropriate.
These study results cannot be translated to women with a history of early severe 
pre-eclampsia, as the HyRAS database only includes data from women with 
a history of term hypertensive pregnancy disorders. However, women with a 
history of early severe pre-eclampsia have a higher risk to suffer cardiovascular 
disease later in life than women with a history of term hypertensive pregnancy 
disorders.44 Thus, women with a history of early severe pre-eclampsia might even 
more benefit from screening and intervention compared with our current study 
population.

Proposal for future research
There are still multiple gaps in our knowledge that hamper the development 
of these Markov models as mentioned above. Further research should involve 
longitudinal follow-up in women with a history of gestational hypertension or pre-
eclampsia to definitively answer the question whether hypertensive pregnancy 
disorders are independent risk factors for cardiovascular disease, and to assess 
the deterioration of cardiovascular risk factors over time and the effectiveness 
of screening and prevention programs on the those risk factors in this specific 
population.
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Ultimately, the best evidence would be generated by a randomized trial, which 
should compare individual tailored preventive programs with care as usual, to 
verify whether modifiable cardiovascular risk factors and absolute (long–term) 
cardiovascular event risks can be reduced. Depending on the cost-effectiveness 
analysis results of this trial, primary prevention against cardiovascular disease 
started at a relatively young age might be justified.

Conclusion
Post-partum screening on cardiovascular risk factors and subsequent intervention 
in women with a history of gestational hypertension or pre-eclampsia is likely to 
be a cost-effective strategy.
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Supplemental Table 1. Model input, Probabilities
Both models Distribution Source Reference
cardiovascular event (CVE) 
*

Framingham risk score X Cohort 1, 2 

CVE being a stroke (based 
on FATAL events only) 

Age 30-34: 0.600 Age 35-
39: 0.353 Age 40-44: 0.341 
Age 45-49: 0.467 Age 50-54: 
0.554
Age 55-59: 0.506 Age 60-64: 
0.574 Age 65-69: 0.550 Age 
70-74: 0.507 Age 75-79: 0.461 
Age 80-84: 0.442 Age 85-89: 
0.435 Age 90-94: 0.404 Age 
95+: 0,413

X Cohort 3

dying from 1st Myocardial 
Infarction (MI)

Age < 55: 0.058 Age 55-74: 
0.128 Age 75-84: 0.298 Age 
85+: 0.400

X Cohort 4

dying from 1st stroke Age < 45: 0.172 Age 45-49: 
0.192 Age 50-54: 0.186 Age 
55-59: 0.178 Age 60-64: 
0.183 Age 65-69: 0.200 Age 
70-74: 0.236 Age 75-79: 0.278 
Age 80-84: 0.341 age 85: 
0.453

X Cohort 5

non-CVE mortality see appendix S6 X Cohort 6

recurrent myocardial 
infarction with no treatment 

age 40-49: 0,0067 age 50-59: 
0.0295 age 60-69: 0.0252 age 
70-74: 0.0388 (rate-to-prob)

X Cohort 7

RR recurrent myocardial 
infarction with treatment

0.86 (0.73 to 1.01) Log-normal Estimate 8, 9

recurrent stroke with no 
treatment

0,43/10 (rate-to-prob) X Cohort 10

RR recurrent stroke with 
treatment

0.71 (0.59 to 0,86) Log-normal Estimate 11, 12

functional dependence after 
1st stroke 

0.387 (320/827) Beta Cohort 13

Hypertension
hypertension in patients 
with PIH/PE in history 

0,344 (105/305) Beta Cohort 1

treatment of hypertension 
in patients with PIH/PE in 
history (no screening)

0,352 (37/105) Beta Cohort 1

treatment of hypertension 
in patients with PIH/PE in 
history (after screening)

Age 20-29: 0.693 Age 30-39: 
0.802 Age 40-49: 0.799 Age 
50-59: 0.777 

x Cohort 14

RR CVE with treatment 
(systolic BP <140mmHg)

0,65 (0.60 to 0,72) Log-normal Estimate 15-19

RR CVE with treatment 
(systolic BP > 140mmHg)

0.83 (0,72 to 0,94) Log-normal Estimate 15-19

Blood pressure  being 
controlled on treatment 
(systolic BP <140mmHg)

Age 20-29: 0.744 Age 30-39: 
0.694 Age 40-49: 0.698 Age 
50-59: 0.715 Age > 70: 0.30

X Cohort 14
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Both models Distribution Source Reference
side-effects from drug 
therapy 

First year: 0.17 Second year: 
0.1 Third year 0.05 Fourth 
year 0.02

X Cost-
study

8

Metabolic syndrome
Metabolic syndrome (MS) 
after episode of PIH/PE

0,250 (73/292) Beta Cohort 1

treatment of MS in patients 
with PIH/PE in history (no 
screening)

0,242 (16/66) Beta Cohort 1

Treatment of metabolic 
syndrome (MS) after 
screening

1 x Estimate Assumption

Lifestyle effect on 
Framingham parameters

Systolic blood pressure 
(mmHg)

-2.4(-5.7 to -1.3) triangular Review 20

Diastolic blood pressure 
(mmHg)

-1.8(-4.5 to -0.9) triangular Review 20

Total cholesterol (mg/dl) -2 (-16 to -2) triangular Review 20

HDL–cholesterol (mg/dl) 0 (-3 to 1) triangular Review 20

Smoking (%) -2.2% (-7 to -0.7%) triangular Review 20

Diabetes mellitus (%) x x Review 20

* newly diagnosed angina, myocardial infarction, coronary heart disease, stroke or transient 
ischaemic attack

RR = relative risk; PIH = Pregnancy Induced Hypertension; PE = Pre-eclampsia

Supplemental Table 2. Model input, Utilities
Hypertension Distribution Source Reference
Untreated, well 1 x Cost-study 8

Treated, well 0.9995 (0.9611 to 0.9995) triangular Cost-study 8

Treated, well, side-effects 0.9722 (0.9000 to 0.9995) triangular Cost-study 8

Myocardial infarction 0.88 (0.8 to 0.95) triangular Cost-study 21

Untreated, Stroke, unaffected 0.9535 (0.8586 to 0.9982) triangular Cost-study 8

Treated, stroke, unaffected 0.9600 (0.8700 to 0.9995) triangular Cost-study 8

Treated, side-effects, Stroke, 
unaffected 

0.9300 (0.7556 to 0.9975) triangular Cost-study 8

Untreated, Stroke, affected 0.5000 (0.1389 to 0.8000) triangular Cost-study 8

Treated, Stroke, affected 0.4998 (0.0917 to 0.7872) triangular Cost-study 8

Treated, side-effects, Stroke 
affected 

0.4995 (0.0600 to 0.7500) triangular Cost-study 8

Death* 0 x Cost-study 8

Metabolic syndrome
Well 1 x Cost-study 8

Metabolic syndrome, treated 0,95 (0.90 to 0,98) triangular Cost-study
Metabolic syndrome, not 
treated

0,95 (0.90 to 0,98) triangular x estimate

Myocardial infarction 0.88 (0.8 to 0.95) triangular Cost-study 21

Stroke, unaffected 0.9535 (0.8586 to 0.9982) triangular Cost-study 8

Stroke, affected 0.4998 (0.0917 to 0.7872) triangular Cost-study 8

Death* 0 x Cost-study 8
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Supplemental Table 3. Model input, Costs
Both models Distribution Source Reference
Annual costs
Stroke: Mild €1,098(€1,033 to €1,164) gamma Cost-study 22

Stroke: Severe €21,374 (€21,087 to €21,663) gamma Cost-study 22

Myocardial Infarction €1,067 (€1,004 to €1,131) gamma Cost-study 22

One-off costs
Stroke: Mild €6,419 (€6,261 to €6,577) gamma Cost-study 22

Stroke: Severe €36,604 (€36,227 to €36,981) gamma Cost-study 22

Stroke: Fatal €14,651 (€12,700 to €16,500) gamma Cost-study 8

Myocardial Infarction €17,548 (€17,290 to €17,813) gamma Cost-study 22

Myocardial Infarction: 
Fatal €6,608 (€4,734 to €8,860) gamma Cost-study 23

Death other €2,730 (€2,628 to €2,834) gamma Cost-study 22

Hypertension

Screening €30 (€15 to €45) gamma Costing 
guideline

24

Hypertensive therapy first 
year € 137 (€107 to €167) gamma Estimate 6, 24, 25

Hypertensive therapy 
following years € 107 (€77 to €137) gamma Estimate 24, 25

Metabolic syndrome
Screening € 113 (€56 -€169) gamma Cost-study 26

Lifestyle intervention first 
year € 390 (€195 - €585) gamma Cost-study 26

Lifestyle intervention 
following years € 190 (€95 - €285) gamma Cost-study 26

Metabolic syndrome € 952 (€476 - €1428) gamma Cost-study 26
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Supplemental Table 4. Model input, Dutch Life Table; probability to decease per age

0 0,00327
0,5 0,00046
1,5 0,00024
2,5 0,00015
3,5 0,00017
4,5 0,00006
5,5 0,00004
6,5 0,00008
7,5 0,00005
8,5 0,00011
9,5 0,00007
10,5 0,00009
11,5 0,00009
12,5 0,00015
13,5 0,00006
14,5 0,00009
15,5 0,00011
16,5 0,0002
17,5 0,00021
18,5 0,00019
19,5 0,00019
20,5 0,00015
21,5 0,0002
22,5 0,00025
23,5 0,00027
24,5 0,00021
25,5 0,00032
26,5 0,00021
27,5 0,00026
28,5 0,00025
29,5 0,0003
30,5 0,00033
31,5 0,00036
32,5 0,00033
33,5 0,00038
34,5 0,0004
35,5 0,00052

36,5 0,00054
37,5 0,00062
38,5 0,00071
39,5 0,00065
40,5 0,00087
41,5 0,00103
42,5 0,001
43,5 0,00113
44,5 0,00139
45,5 0,00148
46,5 0,00169
47,5 0,00182
48,5 0,00212
49,5 0,00241
50,5 0,00274
51,5 0,00302
52,5 0,00291
53,5 0,00353
54,5 0,0035
55,5 0,00394
56,5 0,00428
57,5 0,00444
58,5 0,00507
59,5 0,0057
60,5 0,00607
61,5 0,0065
62,5 0,00675
63,5 0,00744
64,5 0,00855
65,5 0,00851
66,5 0,00906
67,5 0,0105
68,5 0,01108
69,5 0,01206
70,5 0,01336
71,5 0,01562
72,5 0,01695

73,5 0,01862
74,5 0,02174
75,5 0,02309
76,5 0,02681
77,5 0,03197
78,5 0,03392
79,5 0,04152
80,5 0,04623
81,5 0,05372
82,5 0,05904
83,5 0,06783
84,5 0,07557
85,5 0,08787
86,5 0,09939
87,5 0,1144
88,5 0,12676
89,5 0,1419
90,5 0,16001
91,5 0,18102
92,5 0,19719
93,5 0,22258
94,5 0,23975
95,5 0,26822
96,5 0,28454
97,5 0,31456
98,5 0,35619
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In this thesis we present a number of studies on cardiovascular risk in women with 
a history of term hypertensive pregnancy disorders that are very common. The 
Hypertension Risk Assessment Study (HyRAS) aims to identify cardiovascular 
risk factors postpartum and subsequently estimate individual cardiovascular 
event risks in women with a history of term gestational hypertension or term 
preeclampsia in order to analyze opportunities for screening and prevention of 
future cardiovascular disease. We found that women with a history of hypertensive 
pregnancy disorders at term exhibit more cardiovascular risk factors at least two 
years after their complicated pregnancy and that they have higher estimated 
individual cardiovascular event risks compared to women with a history of 
normotensive term pregnancies.
In this final chapter we discuss questions that remain after previous described 
findings and interpretations and we focus on implications for further research 
and clinical care.

Outline of the problem: “pregnancy and cardiovascular 
disease in women”

Even though cardiovascular disease mortality has fallen considerably over 
recent decades in the Netherlands between 1996 - 2011 with 9% (Figure 1), 
cardiovascular disease still remains the most important cause of death in women 
in the Netherlands and the Western world1;2. In the Netherlands, more women 
than men die of heart disease each year (Figure 2). According to the Dutch 
mortality database, 20.238 women above the age of 20 years (29%) died of heart 
disease in 2011 compared to 17.858 men above the age of 20 years (28%)3; i.e. 55 
women each day. Unfortunately, cardiovascular disease in women is still under-
recognized and undertreated4. It has been proven that more than 50% of the 
reductions seen in coronary heart disease mortality relate to changes in risk 
factors and 40% to improved treatment2. Thus, cardiovascular disease is at least 
partly preventable.

Epidemiological studies have consistently shown that hypertensive disorders 
in pregnancy at least double the risk for development of hypertension and 
cardiovascular disease in women in later life5-8.Pregnancy has been hypothesized 
as a stress test and thereby as a window for future maternal cardiovascular 
health9; during a pregnancy complicated by preeclampsia a failure to meet the 
physiological demands will unmask impaired organ function, e.g. hypertension 
will become clinical evident and most often subside after delivery. However, 
these failures will re-manifest in later life when the cumulative effects of aging 
diminish the reserves of an already vulnerable cardiovascular system. Women 
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Figure 1. Decrease in cardiovascular mortality between 1996 - 2011
Y-axis: Total number of deaths due to cardiovascular disease, X-axis: Year
Light blue line: women
Dark blue line: men

Figure 2. Differences in cardiovascular mortality rates from 1996 to 2011
between men and women
Y-axis: Total number of deaths due to cardiovascular disease, X-axis: Year
Light blue bars: women
Dark blue bars: men
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can be identified by a complicated pregnancy as “high risk” for developing 
cardiovascular disease, illustrating the potential for primary prevention of 
premature deaths and for prolonging healthy life in this specific group of women.
Cardiovascular risk factor screening after complicated pregnancies might help to 
identify those women who may benefit from targeted interventions for prevention 
of cardiovascular disease.

Identification of traditional biochemical and non-
traditional endothelial biochemical cardiovascular risk 
factors after hypertensive pregnancy disorders

In our meta-analysis, in chapter 3, we identified more unfavorable levels of 
glucose, insulin, triglycerides, total cholesterol, HDL- and LDL cholesterol and 
microalbumin in women with a history of hypertensive pregnancy disorders 
compared to women with a history of normotensive pregnancies after follow-up 
(range 0.5 to 32 years). In subgroup analyses for preeclampsia and gestational 
hypertension, versus uncomplicated pregnancies, similar associations were found. 
However these subgroup analyses were limited by the fact that only few studies 
assessed cardiovascular risk factors after gestational hypertension10;11 and mostly 
focused on preterm preeclampsia12-24. Furthermore, the included studies did not 
distinguish between preterm preeclampsia and term hypertensive pregnancy 
disorders10;12;14;15;18-26. Therefore, it was impossible to perform a separate analysis 
of these two last mentioned hypertensive pregnancy complications. We concluded 
that the studied biochemical cardiovascular risk factors are potential predictors 
for cardiovascular disease later in life and may identify high risk women at a 
relative young age to benefit from screening and intervention.
However, it is important to keep in mind that the absolute levels of the assessed 
risk factors the absolute levels of the assessed risk factors are higher than the 
treshold which the international guidelines nowadays recommend pharmacological 
intervention or diet and lifestyle modification2;27. As a consequence, our study 
results are not sufficient to immediately advise biochemical cardiovascular 
risk factor screening after pregnancy in women with a history of hypertensive 
pregnancy disorders, according to the current guidelines.

In addition, in chapter 4, we performed a second review and meta-analysis 
assessing non- classical biochemical cardiovascular risk markers after 
hypertensive pregnancy disorders. We aimed to identify whether non-classical 
endothelial biomarkers are also higher in women after hypertensive pregnancy 
disorders and if they are potential additional, more specific predictors for 
cardiovascular disease later in life. The non-classical markers were selected based 
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on the hypothesis of a shared mechanism both in hypertensive pregnancies and 
cardiovascular disease. The main focus of the shared mechanism is the changed 
endothelial cell function. The endothelial cells are the inner lining of blood 
vessels between the circulating blood and vessel wall. The strategic position of the 
endothelial cells make them in the position of many functions including clotting 
system, inflammation, angiogenesis, hormone regulation, vasoconstriction 
and vasodilation. The meta-analysed non-classical cardiovascular risk factors 
included adiponectin, ICAM, VCAM, VWF, fibronectin, E-selectin, endothelin, 
IGF-1, IGFBP-3, IGFBP-1 and homocystein. Only homocystein appeared to be 
significantly higher after pregnancy in women with a history of hypertensive 
pregnancy disorders. Thus, homocystein might be a potential additional marker 
for cardiovascular risk screening in women after hypertensive pregnancy 
disorders. However, the magnitude of the effect of homocystein on cardiovascular 
risk is modest and treatment with vitamin B and folic acid to reduce homocystein 
levels is inefficient to reduce cardiovascular disease risk2. Until further evidence, 
it seems that homocystein might be only used as an additional marker and it is 
not likely that homocystein gets a more prominent role in cardiovascular risk 
factor screening for treatment than traditional cardiovascular risk factors in 
young women with a history of hypertensive pregnancy disorders. More studies 
are mandatory to verify whether non-classical cardiovascular risk markers are 
useful for cardiovascular risk factor screening in women after pregnancy in order 
to increase the predictive value.

Cardiovascular risk after term hypertensive pregnancy 
disorders

Implications for counseling and follow-up
The prevalence of hypertension appears to be high in women with a history of 
gestational hypertension or preeclampsia at term. As concluded in chapter 6, 
34% of women with a history of term hypertensive pregnancy disorders 
suffer hypertension at least two years postpartum, of which 28% had started 
antihypertensive medication. Furthermore, women with a history of gestational 
hypertension or preeclampsia at term exhibit more unfavorable biochemical 
cardiovascular risk factors and even 25% has the metabolic syndrome. As 
described before in chapter 6, our findings are in line with results of previous 
studies. However, most studies focused on cardiovascular risk factors after 
early onset preeclampsia, or no distinction was made between early onset and 
term preeclampsia, making it difficult to draw a proper conclusion on absence 
or presence of unfavorable cardiovascular risk factors in women after term 
hypertensive disorders10;12;14;15;18-26. These data are important as term hypertensive 
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disorders are common complications of pregnancy and these findings might 
provide an opportunity in relatively young women for screening and primary 
prevention of cardiovascular disease later in life. Remarkably, women with a 
history of hypertensive pregnancy disorders have a recurrence risk of gestational 
hypertension in a future pregnancy ranging from 13% to 53% and a recurrence 
risk for preeclampsia in a future pregnancy ranging from 2% to 16%28.This 
implies that, the prevalence of hypertension 2.5 years postpartum in our cohort 
was relatively high.
Cardiovascular disease in women may be reduced by timely detection of 
cardiovascular risk factors and lifestyle interventions, including smoking 
cessation, increased physical activity, avoiding overweight or weight reduction, 
and by having a blood pressure or blood cholesterol check if indicated (and 
intervention if abnormal results). To our knowledge, until now, evidence 
concerning the effectiveness of lifestyle intervention in women with a history 
of hypertensive pregnancy disorders is lacking. Hoedjes et al. published a 
systematic review in which they described that postpartum lifestyle interventions 
are effective in lowering cardiovascular risk factors in general populations of 
postpartum women, not specifically for women with a history of hypertensive 
disorders29. Furthermore, Ratner et al. showed that women with a history of 
gestational diabetes benefit from lifestyle interventions for delaying or preventing 
diabetes. It seems reasonable that similar effects might be seen on the long term 
for women with a history of hypertensive pregnancy disorders and development 
of cardiovascular disease30.

Cardiovascular risk prediction and prevention of cardiovascular 
disease in women
In common practice, prevention is mostly targeted at middle-aged or older women 
with established cardiovascular disease or those women who smoke or suffer 
hypertension, diabetes or dyslipidemia. Cardiovascular disease prevention in 
young women with short-term (10-year) moderate or mild risk is still limited, 
although pregnancy related disorders provide a unique opportunity for 
cardiovascular risk assessment and prevention at relatively young age, when 
expected lifelong health benefits are highest. Untill now, due to the lack of 
evidence, screening and prevention after complicated pregnancies have not yet 
been incorporated in national guidelines2;27.
Individual cardiovascular risk can be estimated using several multivariable 
risk prediction algorithms incorporating the major risk factors for developing 
cardiovascular disease, including age, sex, blood pressure, smoking, dyslipidemia 
and diabetes31. Current guidelines advise multivariable assessment to estimate 
cardiovascular risks and to guide treatment of risk factors.
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A particular problem, however, relates to young men and women with unfavorable 
risk factors, in whom a low absolute risk conceals a high relative risk and these 
people remain undiagnosed and untreated. Furthermore, mostly all risk prediction 
models focus on relatively short-term outcomes within the next 10 years. This 
is also a disadvantage in young people as short-term risks underestimate their 
absolute long term risk.
In order to address the problem of cardiovascular risk estimation in younger 
persons, the European guidelines suggested in 200332 to extrapolate risks 
to the age of 60 to illustrate what would happen if preventive action was not 
taken. Later on, in 2012, the updated European guidelines introduced a new 
approach: risk age. Risk age illustrates the likely reduction in life expectance in 
the SCORE score that a young person with a low absolute, but a high relative 
risk of cardiovascular disease will be exposed to if preventive action is not taken2. 
However, it is not recommended to base treatment decisions on risk age and thus 
clinical judgment remains first choice in primary prevention for cardiovascular 

Figure 3. Illustration of the risk age concept in the SCORE chart
SCORE chart: 10-year risk of fatal cardiovascular disease (CVD) in countries at high CVD risk (A) 
and in countries at low CVD risk (B). Low CVD countries are Andorra, Austria, Belgium, Cyprus, 
Denmark, Finland, France, Germany, Greece, Iceland, Ireland, Israel, Italy, Luxembourg, Malta, 
Monaco, The Netherlands, Norway, Portugal, San Marino, Slovenia, Spain, Sweden, Switzerland, 
United Kingdom2.
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disease in young women. Especially in young women, physicians have to keep in 
mind that cardiovascular disease risk is a continuous risk into the future and not 
a binary outcome.

In chapter 7 we analyzed cardiovascular disease risks in women with a history 
of term hypertensive pregnancy disorders. We used four different risk prediction 
models to show that women with a history of hypertensive pregnancy disorders 
have higher estimated (extrapolated) cardiovascular event risks compared to 
women with a history of uncomplicated pregnancies. Whether these women with 
high estimated cardiovascular event risks are the same women who develop or 
die from cardiovascular disease later in life remains an unanswered question. 
Only extensive prospective follow-up studies could provide more insight.

If current cardiovascular risk prediction models are accurate to predict 
cardiovascular disease risks in young women with a history of hypertensive 
pregnancy disorders, one would expect that women with very early onset 
preeclampsia would have had higher estimated extrapolated cardiovascular 
event risks compared to women with term hypertensive pregnancy disorders, as 
the relative risk for developing cardiovascular disease in women with early onset 
preeclampsia is higher (RR 7.7) compared to women with late onset preeclampsia 
(RR 2.1)5. This hypothesis was not supported by our findings in chapter 8 We 
found that after adjustment for age, 10-year and 30-year cardiovascular risk 
estimations are comparable in women with a history of severe very early onset 
preeclampsia and women with a history of term hypertensive pregnancy disorders. 
Furthermore, women with a history of term hypertensive pregnancy disorders 
had more unfavorable biochemical cardiovascular risk factors. Women with very 
early onset preeclampsia suffer more hypertension; however, after adjustment 
for age and follow-up period this difference was not significant. These findings 
suggest that the highest risk for cardiovascular mortality after very early onset 
preeclampsia cannot only be explained by unfavorable cardiovascular risk factors 
even before pregnancy. Probably, the severity of the pregnancy complication, the 
duration of the exposure of the pregnancy disease, ethnicity, or other factors still 
to be identified are responsible for higher risks of future cardiovascular disease 
in women with severe early onset preeclampsia.

Endothelial dysfunction, hypertensive pregnancy disorders and 
cardiovascular disease
Preeclampsia and atherosclerosis share a common pathway of endothelial 
dysfunction, possibly influenced by insulin resistance, hypertriglyceridemia and 
inflammation24. Maternal vascular endothelial cells are believed to be central to 
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the pathogenesis of hypertensive pregnancies33. Endothelial dysfunction has been 
demonstrated in vessels from preeclamptic women during pregnancy. Chambers 
et al.13 demonstrated in vivo impaired endothelial function postpartum after a 
median follow-up of 3 years. Until now, it has not been clarified whether this 
endothelial dysfunction was already present before the hypertensive pregnancy 
caused by numerous maternal predisposing factors, or that the vascular 
endothelium is damaged during the hypertensive pregnancy, or both. It seems 
plausible that preexisting abnormalities, possibly genetically determined, 
predispose to the development of hypertensive pregnancy disorders. In contrast, it 
has been previously described that preeclampsia was found to be an independent 
risk factor for coronary artery disease later in life34. This suggests that the 
underlying link between hypertensive pregnancy disorders and cardiovascular 
disease is at least a combination of preexisting factors and environmental 
including a pregnancy complicated by hypertension. Thus, this suggests that 
prolonged exposure to hypertensive disease during pregnancy may negatively 
influence the pre-existent damaged maternal endothelium and may cause (sub 
clinical) permanent vascular damage.
Thus, prolonging pregnancy in women with hypertensive pregnancy disorders may 
negatively affect women’s cardiovascular outcomes in later life. In chapter 9 we 
hypothesized that exposure to a shorter or longer period of endothelial activation 
during hypertensive pregnancies results in differences of classic cardiovascular 
risk factors two years postpartum. However, we could not confirm this hypothesis, 
which might be explained by relatively short time interval difference of only 
seven days, and endothelial disturbance was probabaly relatively mild in both 
groups. No significant differences were found between women who had induction 
of labour or expectant management during their term hypertensive pregnancy. It 
should be stressed that the comparison was not part of the primary analysis in 
the HyRAS study and our results should thus be regarded as an observation to 
prompt future study rather than a conclusion.

Cost effectiveness of screening and intervention after hypertensive 
pregnancy disorders
Evidence on costs and cost-effectiveness of cardiovascular screening and 
intervention programs in women who suffered from hypertensive pregnancy 
disorders is lacking. In chapter 10 we present the economic evaluation alongside 
the HyRAS study. We found that post-partum screening on cardiovascular risk 
factors and subsequent intervention in women with a history of gestational 
hypertension or pre-eclampsia is likely to be cost-effective. This study was limited 
by the available information on cardiovascular risks and treatment options in 
women, and especially in women with a history of gestational hypertension or 
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pre-eclampsia. Furthermore, several assumptions and extrapolations from male 
studies were needed to develop the Markov models.
Although there might be some assumptions and knowledge gaps, we found that 
post-partum screening on cardiovascular risk factors and subsequent intervention 
is likely to be cost-effective. More evidence is needed.

Future Research
Further research should focus on the effectiveness of screening and prevention 
programs and its cost-benefits. A randomized trial, which compares tailored 
preventive programs and care as usual, might answer some important and as 
yet unanswered questions. Such a trial should investigate whether individual 
tailored preventive programs, including lifestyle modification and drug treatment, 
compared with care as usual in women with a history of hypertensive pregnancy 
disorders reduces modifiable cardiovascular risk factors and reduces absolute 
estimated 10-year cardiovascular event risks. If these tailored preventive 
programs appear to be effective, their costs and cost-effectiveness should be 
assessed. Depending on the results of this trial, thus supported by evidence, 
primary prevention against cardiovascular disease started at a relatively young 
age might be justified, keeping in mind that this is a short term follow-up and 
provides evidence for surrogate endpoints, including cardiovascular risk factors 
and estimated cardiovascular event risks.

Limitations of the HyRAS study, lessons for future studies?

Discussion of limitations: warnings, recommendations and take home 
messages
As described above all women had participated in the Hypitat study and gave 
informed consent for follow-up. Therefore it seems easy to follow-up women who 
had already participated in a randomised controlled trial, as these women are 
motivated to participate in research. Women were indeed willing to participate, 
however due to the design of the study 101 HYPITAT women were subsequent 
pregnant or lactating, which was an exclusion criteria for our follow-up study 
(HyRAS study).
The HyRAS study was conducted in perinatal and affiliated centers that 
are collaborating in 27 ongoing studies in the Dutch Consortium. Due to the 
infrastructure of the Dutch Obstetric Consortium, research nurses and midwives 
in the different participating centers were able to include case subjects to 
participate in our study.
A major problem was to define control subjects for our follow-up study. In close 
collaboration with epidemiologists, the HyRAS project group discussed several 
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options for selecting a proper control group. The first option included women 
matched for date of delivery in the hospital. The disadvantage of this option is 
that it would not have given a good reflection of the “normal” pregnant population 
in the Netherlands. Dutch women who deliver in the hospital are relatively sick 
and therefore it would have resulted in a confounded control group with relative 
“sick controls” with more likely adverse outcome later. The second option was to 
invite women by advertising in newspapers. A major disadvantage of this method 
is that the background of control subjects is unknown and it would have been a 
great challenge to gather all the information of previous pregnancies in order 
not to include women with adverse pregnancy outcome including hypertensive 
disorders. We used a third method including women who were friend of HYPITAT 
women as control subject. We used this method because of expected similar age 
and similar potential environmental exposures (socio-economic status). However, 
soon after the start of the HyRAS study, it became clear that women with a history 
of normotensive uncomplicated pregnancies were less motivated to participate 
in a cardiovascular risk factor assessment study. Another explanation for the 
low inclusion rate of control subjects could be that the HYPITAT women (and 
researchers) were not able to explain the importance and need of the HyRAS 
study. Furthermore, young women with children have busy lives and it remains a 

Figure 4. METRO advertisement for voluntary participation in the HyRAS study 
(June 15th 2010).
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great effort for them to visit a hospital to attend a study, especially because they 
had an uncomplicated pregnancy.
Therefore, we also tried to enroll control subjects through an advertisement in 
one of the most read free Dutch newspapers: METRO. This newspaper places 
advertisements regularly to invite people for scientific research and the newspaper 
METRO claimed many response on this kind of advertising. Unfortunately, only 
one man (and no women) responded at our advertisement.

In order to complete the inclusions we invited women from midwifery practices 
form different regions in the Netherlands to attend the HyRAS study as control 
subject.
From our experience, we would recommend future investigators only in exceptional 
circumstances to advertise in newspapers, as it was in our experience a waste of 
time and money.

A second problem was that the HYPITAT trial was not designed as follow-up study; 
no controls were included at similar moment of inclusion of the cases. During the 
HYPITAT trial, the HyRAS study was conducted to follow-up HYPITAT women 
at least two years after pregnancy to assess their cardiovascular risk factors and 
to compare these outcomes with women with uncomplicated pregnancies. Once 
the HyRAS study was approved by the ethical committee, we could start with 
inviting women for the follow-up study. This is the reason we had to add a control 
cohort secondary to our case cohort. Controls were not simultaneously included in 
our study as case subjects. This limitation was one of the most frequent criticisms 
of the journal’s referees for selection bias on our study design.

Conclusion

Term hypertensive pregnancy disorders are common and it is important for 
an obstetrician to not only be aware of the risks during pregnancy, but also to 
be aware of the higher long term risks of developing cardiovascular disease. 
Structural screening, treatment and prevention programs of cardiovascular 
disease in young women after a pregnancy complicated by hypertensive disorders 
are still not incorporated in national guidelines, as essential evidence is lacking. 
The association between hypertensive pregnancy disorders and cardiovascular 
disease in later life provides a fascinating field for further research.
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Cardiovascular Assessment after Hypertensive Pregnancy 
Disorders

Term hypertensive pregnancy disorders are common obstetric complications. 
Several epidemiological studies have described the association between 
hypertensive pregnancy disorders and cardiovascular disease in later life. 
Compared to women with uncomplicated pregnancies, women with hypertensive 
pregnancy disorders have an increased risk to develop cardiovascular disease 
in later life. In the Netherlands, cardiovascular disease is currently the leading 
cause of death, namely 30% of all women who died in 2011.
Therefore, Pregnancy might be used as a “natural stress test”. Cardiovascular 
risk factor screening after complicated pregnancies might help to identify 
those women who may benefit from targeted interventions for prevention of 
cardiovascular disease.
This thesis focused on cardiovascular risk (factors) in women with a history of 
(mainly term) hypertensive pregnancy disorders.
 The thesis is divided into four parts. The first part describes the association 
between preeclampsia and cardiovascular disease. The second part consists 
of two systematic reviews and meta-analyses on classical and non-classical 
cardiovascular risk factors after hypertensive pregnancy disorders. The third 
part is comprised of cohort studies that assess cardiovascular risk factors and 
estimate individual cardiovascular event risks in women with a history of 
hypertensive pregnancy disorders. The fourth and final part includes the general 
discussion and summary of the thesis.

Part 1

Chapter 1 provides a general introduction and the outline of the thesis.

Chapter 2 describes an in depth review of the association between preeclampsia 
and cardiovascular disease in later in life. Preeclampsia is a common pregnancy 
disorder and clearly associated with an elevated cardiovascular morbidity (RR 2.2) 
and mortality risk (RR 2.6). Women with a history of early severe preeclampsia 
have the highest cardiovascular mortality risks (RR 7.7). The exact underlying 
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link between preeclampsia and cardiovascular disease remains unclear. It 
is likely that both preeclampsia and cardiovascular disease share a common 
pathogenesis, as both preeclampsia and cardiovascular disease share the same 
risk factors e.g. hyperlipidemia, hyperglycemia, genetic predisposition, insulin 
resistance, obesity, and hypertension. Common classical and non-classical risk 
factors between preeclampsia and cardiovascular disease set the basis for the 
second and third part of this thesis.

Part 2

Chapter 3 presents a systematic review and meta-analysis which assessed 
classical biochemical cardiovascular risk factors in women with a history of 
hypertensive pregnancy disorders and women with a history of normotensive 
pregnancies. 22 Studies were included in the review of which 15 could be meta-
analyzed. The meta-analyses showed that women with a history of hypertensive 
pregnancy disorders have higher glucose, insulin, triglycerides, total cholesterol, 
HDL cholesterol and LDL cholesterol- levels measured after pregnancy compared 
with women with a history of normotensive pregnancies. These biochemical 
cardiovascular risk factors are potential predictors for cardiovascular disease 
later in life and may identify high- risk women early enough to benefit from 
intervention.

Chapter 4 presents a systematic review and meta-analysis on non-classical 
biochemical cardiovascular risk factors in women with a history of hypertensive 
pregnancy disorders and women with a history of normotensive pregnancies. 
21 Studies on 16 non-classical cardiovascular biomarkers were described in this 
review; 12 studies on 5 biomarkers could be included in meta-analyses. Women 
with a history of hypertensive pregnancy disorders show endothelial dysfunction 
after pregnancy with higher levels of homocysteine compared with women with a 
history of uncomplicated pregnancies. Homocysteine is a potential non-classical 
cardiovascular biomaker in prediction of cardiovascular disease in women with 
a history of hypertensive pregnancy disorders. Other biomarkers associated with 
endothlium alteration, including biomarkers in areas of inflammation, altered 
thrombosis and angiogenesis have a similar trend, suggesting persistent changes 
after hypertensive pregnancy disorders.

Part 3

Chapter 5 provides a detailed description of the Hypertension Risk Assessment 
Study (HyRAS study) protocol.The HyRAS study included women who had 
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preeclampsia or gestational hypertension at term, who participated in the 
Hypertension and Pre-eclampsia Intervention Trial At Term (HYPITAT). The 
HYPITAT study was a national randomised clinical trial which included women 
with gestational hypertension or preeclampsia at (near) term and a singleton 
pregnancy in cephalic presentation with a gestational age between 36+0 and 
41+0 weeks of gestation. Women were randomised between induction of labour or 
expectant monitoring. The primary outcome of the HYPITAT trial was a composite 
measure of poor maternal outcome. Women at study entry (randomisation) were 
inquired for a follow-up study at least 2 years after delivery, the Hypertension 
Risk Assessment Study (HyRAS).
In this cohort study (HyRAS), 306 women with a history of hypertensive pregnancy 
disorders ((HTP cohort (HYPITAT women)) and 99 women with uncomplicated 
pregnancies (NTP cohort) were both screened for established modifiable 
cardiovascular risk factors. Additionally, individual 10-year cardiovascular event 
risks were calculated using three different validated prediction models, including 
the Framingham risk score, SCORE score and Reynolds risk score.

Chapter 6 presents the results of the cardiovascular risk factor screening 
2.5 years postpartum of the HyRAS study. From June 2008 through November 
2010, 306 women with a history of gestational hypertension or preeclampsia at 
term (HTP women) and 99 women with a history of normtensive pregnancies at 
term (NTP women) were included. Hypertension (HTP, 34%; NTP, 1%; P<.001) 
and metabolic syndrome (HTP, 25%; NTP, 5%; P<.001) were more prevalent in 
women with a history of hypertensive pregnancy disorders compared to women 
with a history of normotensive term pregnancies. Furthermore, women with a 
history of hypertensive pregnancy disorders had significantly higher systolic and 
diastolic blood pressure, higher BMI and waist circumference. Glucose, HbA1C, 
insulin, HOMA score, total cholesterol, triglycerides and high sensitive CRP-
levels were significantly higher and HDL cholesterol was significantly lower 
in women with a history of hypertensive pregnancy disorders. Multiple risk 
factors were present in 18% of the women with a history of term hypertensive 
pregnancy disorders compared with 7% of women with a history of normotensive 
term pregnancies (p=0.01). Four percent of women with a history of hypertensive 
pregnancy disorders had more than 3 independent risk factors compared to 0% in 
women with a history of normotensive term pregnancies.
This study results strongly suggest that women with a history of gestational 
hypertension or preeclampsia at term may be offered screening and counseling 
for cardiovascular risk factors after their pregnancy. However, before wide 
implementation in practice, strategies of cardiovascular risk factor screening and 
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subsequent tailored preventive interventions need to be evaluated for feasibility, 
clinical effectiveness and cost-effectiveness.

Chapter 7 describes the possibility of long term cardiovascular risk prediction 
in women with a history of hypertensive pregnancy disorders at term. The study 
presents estimated individual cardiovascular event risks calculated by the 
Framingham risk score, SCORE score and Reynolds risk score of women who 
were included in the HyRAS study. After a mean follow-up of 2.5 years, women 
with a history of hypertensive pregnancy disorders had significantly higher mean 
(SD) extrapolated 10-year cardiovascular event risks (HTP 7.2% (3.7); NTP 4.4% 
(1.9) (p<.001, IRR 5.8, 95% CI 1.9 to 19)) and 30-year cardiovascular event risks 
(HTP 11% (7.6); NTP 7.3% (3.5) (p<.001, IRR 2.7, 95% CI 1.6 to 4.5)) as compared 
to women with a history of normotensive term pregnancies calculated by the 
Framingham risk scores. The SCORE score and the Reynolds risk score showed 
similar significant results.
Further large prospective studies have to evaluate whether hypertensive 
pregnancy disorders have to be included as an independent variable in 
cardiovascular risk prediction models for women.

Chapter 8 compares estimated individual cardiovascular event risks between 
women with a history of very early onset preeclampsia and women with a history 
of term hypertensive pregnancy disorders.
We found that after adjustment for age, 10-year and 30-year cardiovascular risk 
estimations are comparable in women with a history of severe very early onset 
preeclampsia and women with a history of term hypertensive pregnancy disorders. 
Furthermore, women with a history of term hypertensive pregnancy disorders 
had more unfavorable biochemical cardiovascular risk factors. Women with very 
early onset preeclampsia suffer more hypertension (60% vs. 35%); however, after 
adjustment for age and follow-up period this difference was not significant. These 
findings suggest that the highest risk for cardiovascular mortality after very early 
onset preeclampsia cannot only be explained by unfavorable cardiovascular risk 
factors. Probably, the severity of the pregnancy complication, the duration of the 
exposure of the pregnancy disease, ethnicity, or other factors still to be identified 
are responsible for higher risks of future cardiovascular disease in women with 
severe early onset preeclampsia.

Chapter 9 hypothesizes that women with a longer exposure to endothelial 
activation during pregnancy would exhibit more unfavorable cardiovascular 
risk factors postpartum. The aim of the analysis was to compare postpartum 
cardiovascular risk factors in women who had a shorter and women who had a 
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longer exposure to hypertensive pregnancy disorders and therefore to endothelial 
activation during their term hypertensive pregnancy. Women who participated in 
the HYPITAT trial were evaluated.
At 2.5 year follow-up no significant differences in clinical characteristics and 
in biochemical cardiovascular risk factors were found between women who were 
randomized for induction of labor (n=110) and women who were randomized 
for expectant monitoring (n=91). Furthermore, no associations were found 
between other maternal clinical pregnancy parameters, including intravenous 
antihypertensive medication use, BMI at first antenatal visit, severe disease and 
the use of magnesiumsulfate and clinical parameters at 2.5 years postpartum, 
including diastolic blood pressures and prevalence of hypertension. Only the 
use of intravenous antihypertensive medication after randomization during 
index pregnancy was associated with a higher systolic blood pressure 2.5 years 
postpartum (OR 1.05, 95% CI (1.01 – 1.09).
In conclusion, we found that induction of labor, generating a difference in exposure 
to endothelial activation of 7 days, in women with hypertensive disorders in 
pregnancy at term does not affect the clinical and biochemical cardiovascular 
profile at 2.5 years postpartum.

Chapter 10 shows in a cost-effectiveness analysis of the HyRAS study that 
postpartum screening on cardiovascular risk factors and subsequent treatment 
in women with a history of term gestational hypertension or pre-eclampsia 
is very likely to be cost-effective. Cost-effectiveness analysis was performed 
using two explorative Markov models, based on hypertension screening and 
screening on metabolic syndrome. Compared to current practice, both screening 
on hypertension and metabolic syndrome in women with a history of term 
gestational hypertension or pre-eclampsia resulted in increase in life expectancy 
(hypertension screening 0.19 years (95% CI -0.28 to 0.66); metabolic syndrome 
screening 0.05 years (95% CI -0.26 to 0.35)) and event free survival (hypertension 
screening: 0.42 years (95% CI -0.39 to 1.23); metabolic syndrome screening 0.09 
years (95% CI -0.25 to 0.44)). The gain in QALYs was limited (hypertension 
screening 0.04 QALYs (95% CI -0.12 to 0.20); metabolic syndrome screening 0.03 
QALYs (95% CI -0.14 to 0.19)). All incremental cost-effectiveness ratios were 
below the €60.000 euros/QALY.

Part 4

Based on the findings and conclusions of the studies that formed the basis of this 
thesis, a number of recommendations for future research have been formulated 
in the discussion section (Chapter 11). Structural screening, treatment and 
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prevention programs of cardiovascular disease in young women after a pregnancy 
complicated by hypertensive disorders are still not incorporated in national 
guidelines, as essential evidence is lacking. Further research should mainly focus 
on the effectiveness of screening and prevention programs and its cost-benefits. 
The association between hypertensive pregnancy disorders and cardiovascular 
disease in later life provides a fascinating field for further research.
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Cardiovasculaire Beoordeling na Hypertensieve 
Afwijkingen van de Zwangerschap

Hypertensieve zwangerschapscomplicaties rondom de uitgerekende datum zijn 
veelvoorkomende complicaties. Verschillende epidemiologische studies hebben de 
associatie beschreven tussen hypertensie in de zwangerschap en cardiovasculaire 
ziekte later in het leven. Hart- en vaatziekten zijn vandaag de dag de meest 
voorkomende doodsoorzaak bij vrouwen in Nederland. Hart- en vaatziekte was de 
doodsoorzaak bij 30% van alle vrouwen die in Nederland in 2011 overleden zijn.
Zwangerschap zou als “natuurlijke stress test” gebruikt kunnen worden. 
Screenen op cardiovasculaire risicofactoren na een gecompliceerde zwangerschap 
zou mogelijk vrouwen kunnen identificeren die een verhoogd risico hebben op het 
ontwikkelen van hart- en vaatziekten later in het leven en baat kunnen hebben 
bij gerichte interventie en preventie van hart- en vaatziekten.
Dit proefschrift is gericht op cardiovasculaire risicofactoren bij vrouwen met een 
hypertensieve zwangerschapscomplicatie rondom de uitgerekende datum.

DEEL 1

Hoofdstuk 1 is de algemene introductie van dit proefschrift.
Hoofdstuk 2 beschrijft een review van de literatuur over de associatie tussen 
preëclampsie en hart- en vaatziekten later in het leven. Preëclampsie is een vaak 
voorkomende zwangerschapscomplicatie en is geassocieerd met verhoogde cardio-
vasculaire morbiditeit (RR 2.2) en mortaliteit (RR 2.6) later. Vrouwen met een 
voorgeschiedenis van vroege ernstige preëclampsie hebben het hoogste cardio-
vasculaire sterfterisico later (RR 7.7). Het is nog onduidelijk wat precies de link 
is tussen preëclampsie en cardiovasculaire ziekte later. De hypothese is dat pre-
eclampsie en cardiovasculaire ziekte een gemeenschappelijke pathogenese. Deze 
hypothese wordt onderschreven doordat beide ziekte beelden gemeenschappelijke 
risicofactoren hebben zoals, hyperlipidemie, hyperglycemie, genetische predis-
positie, insuline resistentie, obesitas, en hypertensie. Gemeenschappelijke klas-
sieke en niet-klassieke risico factoren tussen preëclampsie en cardiovasculaire 
ziekte vormen de basis voor het tweede en derde deel van dit proefschrift.
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DEEL 2

Hoofdstuk 3 beschrijft een systematische review en meta-analyse naar 
klassieke biochemische cardiovasculaire risicofactoren bij vrouwen met een 
zwangerschap gecompliceerd door hypertensie in de voorgeschiedenis en vrouwen 
met een normotensieve zwangerschap in de voorgeschiedenis. In de review 
werden 22 studies geïncludeerd, waarvan 15 studies werden geïncludeerd in 
de meta-analyse. De meta-analyse toonde dat vrouwen met een zwangerschap 
gecompliceerd door hypertensie in de voorgeschiedenis, na de zwangerschap 
hogere glucose, insuline, triglyceriden, totaal cholesterol, HDL cholesterol en LDL 
cholesterol waarden hadden in vergelijking met vrouwen die een normotensieve 
zwangerschap hebben gehad. Deze biochemische cardiovasculaire risicofactoren 
zijn potentiële voorspellers voor cardiovasculaire ziekte later in het leven. Deze 
risicofactoren zouden gebruikt kunnen worden om “hoog risico” vrouwen al in 
een vroeg stadium te identificeren om te profiteren van interventie op maat voor 
preventie van hart- en vaatziekten.

Hoofdstuk 4 beschrijft een systematische review en meta-analyse naar niet- 
klassieke biochemische cardiovasculaire risicofactoren bij vrouwen met een 
zwangerschap gecompliceerd door hypertensie in de voorgeschiedenis en vrouwen 
met een normotensieve zwangerschap in de voorgeschiedenis. In de review werden 
21 studies en 16 niet-klassieke biomarkers beschreven; 12 studies over 5 biomarkers 
werden geincludeerd in de meta-analyse. De biomarkers zijn geselecteerd op basis 
van afwijkende endotheelfunctie. Vrouwen met een zwangerschap gecompliceerd 
door hypertensie in de voorgeschiedenis hebben na de zwangerschap hogere 
homocysteine waarden dan vrouwen met een normotensieve zwangerschap in de 
voorgeschiedenis. Homocysteine is een potentiёle niet- klassieke cardiovasculaire 
biomaker voor het voorspellen van cardiovasculaire ziekte later in het leven. 
De overige geanalyseerde biomarkers, die geassocieerd zijn met endotheeel 
veranderingen, lieten een vergelijkbare trend zien, wat suggereert dat er blijvende 
schade is na hypertensieve zwangerschappen.

DEEL 3

Hoofdstuk 5 beschrijft gedetailleerd het studieprotocol van de Hypertension 
Risk Assessment Study (HyRAS studie). In de HyRAS studie werden vrouwen 
geïncludeerd die een zwangerschap hadden doorgemaakt die gecompliceerd werd 
door a terme preëclampsie of zwangerschapshypertensie en geïncludeerd waren 
in de Hypertension and Pre-eclampsia Intervention Trial At Term (HYPITAT 
studie). De HYPITAT studie was een nationaal gerandomiseerde studie die 
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vrouwen met preëclampsie of zwangerschapshypertensie includeerde met een 
eenlingzwangerschap in hoofdligging bij een amenorroeduur van 36+0 tot 41+0 
weken. Deze vrouwen werden gerandomiseerd tussen inleiding van de baring of 
een afwachtend beleid. De primaire uitkomst van de HYPITAT studie was een 
samengestelde meting van slechte maternale uitkomsten.
In het vervolgonderzoek, de HyRAS studie, werden vrouwen met een voor-
geschiedenis van hypertensieve aandoeningen in de zwangerschap geïncludeerd 
(HYPITAT vrouwen, HTP cohort) en vrouwen met een voorgeschiedenis van een 
ongecompliceerde (normotensieve) zwangerschap (NTP cohort). Beide groepen 
vrouwen werden minstens 2 jaar na de bevalling gescreend op cardiovasculaire 
risicofactoren, zoals microalbumine in de urine, en glucose, insuline, totaal chole-
sterol, HDL cholesterol, triglyceriden, en hsCRP in het bloed. Er werden bloed-
drukken, gewicht, heup omtrek, en taille omtrek gemeten. Met behulp van de uit-
komsten van deze waarden werden individuele 10-jaars cardiovasculaire risico’s 
berekend met gebruik van drie verschillende gevalideerde predictie modellen; de 
Framingham risk score, de SCORE score en de Reynolds risk score.

Hoofdstuk 6 beschrijft de resultaten van de cardiovasculaire risicofactor 
screening 2.5 jaar na de bevalling. Tussen juni 2008 en november 2010 werden 
306 vrouwen met een voorgeschiedenis van hypertensieve aandoeningen in de 
zwangerschap geïncludeerd (HYPITAT vrouwen, HTP cohort) en 99 vrouwen 
met een ongecompliceerde (normotensieve) zwangerschap in de voorgeschiedenis 
(NTP cohort). Bij HTP vrouwen werd een hogere prevalentie van hypertensie 
(HTP, 34%; NTP, 1%; P<.001) en metabool syndroom (HTP, 25%; NTP, 5%; 
P<.001) gevonden dan bij NTP vrouwen. Verder werd bij HTP vrouwen een 
significant hogere systolische bloeddruk en diastolische bloeddruk, hogere BMI en 
grotere heup en taille omtrek gemeten 2.5 jaar na de bevalling. Glucose, HbA1C, 
insuline, HOMA score, totaal cholesterol, triglyceriden and high sensitive CRP 
waarden waren significant hoger en HDL cholesterol was significant lager bij 
HTP vrouwen dan bij NTP vrouwen. Bij 18% van de HTP vrouwen werd meer 
dan 1 onafhankelijke risicofactor gevonden in vergelijking met 7% in de NTP 
groep (p=0.01). Vier procent van de HTP vrouwen had 3 of meer onafhankelijke 
risicofactoren in vergelijking met 0% in de NTP groep.
De resultaten van deze studie suggereren dat vrouwen met een voorgeschiedenis 
van a terme hypertensieve aandoening in de zwangerschap baat zouden kunnen 
hebben bij screening op cardiovasculaire risicofactoren na hun bevalling. 
Echter, voordat cardiovasculaire screening en counseling geïmplementeerd kan 
worden moet eerst de haalbaarheid van screening, de klinische effectiviteit en 
kosteneffectiviteit verder geanalyseerd worden.
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Hoofdstuk 7 beschrijft de vergelijking van de berekende cardiovasculaire 
risicoscores op het ontwikkelen van hart- en vaatziekten met behulp van de 
Framingham risk score, de SCORE score en de Reynolds risk score tussen HTP en 
NTP vrouwen uit de hierboven beschreven HyRAS studie. HTP vrouwen hadden 
significant hogere gemiddelde (SD) geëxtrapoleerde 10- jaar cardiovasculaire 
risico’s (HTP 7.2% (3.7); NTP 4.4% (1.9) (p<.001, IRR 5.8, 95% CI 1.9 to 19)) 
en 30- jaar cardiovasculaire risico’s (HTP 11% (7.6); NTP 7.3% (3.5) (p<.001, 
IRR 2.7, 95% CI 1.6 to 4.5)) in vergelijking met NTP vrouwen berekend met 
de Framingham risk scores. De SCORE score en de Reynolds risk score lieten 
vergelijkbare resultaten zien.
In de toekomst moeten grote prospectieve studies evalueren of hypertensieve 
zwangerschapscomplicaties toegevoegd moeten worden als onafhankelijke 
variabele in cardiovasculaire predictiemodellen voor vrouwen.

Hoofdstuk 8 vergelijkt de berekende cardiovasculaire risicoscores van vrouwen 
met een voorgeschiedenis van ernstige vroege preëclampsie (SPP cohort) met 
vrouwen met een voorgeschiedenis van a terme preëclampsie of zwangerschaps-
hypertensie (HTP cohort HyRAS studie).
Na correctie voor leeftijd zijn 10- jaar en 30- jaar cardiovasculaire risico bere-
keningen vergelijkbaar tussen vrouwen met een voorgeschiedenis van ernstige 
vroege preëclampsie en vrouwen met een voorgeschiedenis van a terme preë-
clampsie of zwangerschapshypertensie. Vrouwen met een voorgeschiedenis van 
a terme preëclampsie of zwangerschapshypertensie hadden meer ongunstige car-
diovasculaire risicofactoren en vrouwen met een voorgeschiedenis van ernstige 
vroege preëclampsie hadden een hogere prevalentie van hypertensie postpartum 
(SPP 60% vs. HTP 35%), echter na correctie voor leeftijd was dit verschil niet 
significant. Naar aanleiding van deze bevindingen kan een hoger risico op sterf-
te aan hart- en vaatziekten bij vrouwen met een voorgeschiedenis van vroege 
ernstige preëclampsie niet verklaard worden door ongunstigere cardiovasculaire 
risicofactoren. Mogelijk spelen andere factoren, zoals de ernst en de duur van de 
hypertensieve zwangerschapscomplicatie, de etniciteit of andere, nog onbekende, 
factoren een rol bij het verschil in risico op cardiovasculaire mortaliteit tussen 
vrouwen met vroege ernstige preëclampsie en vrouwen met a terme preëclampsie 
of zwangerschapshypertensie.

Hoofdstuk 9 Het doel van deze studie was om minstens 2 jaar na de bevalling 
cardiovasculaire risicofactoren te vergelijken tussen vrouwen die een korte en 
vrouwen die een langere blootstelling aan a terme hypertensieve aandoeningen 
in de zwangerschap hadden gehad.
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Er werden 2.5 jaar na de bevalling geen verschillen gevonden in klinische 
karakteristieken en biochemische cardiovasculaire risicofactoren tussen de 
HYPITAT vrouwen die waren gerandomiseerd voor inleiding (n=110) en vrouwen 
die gerandomiseerd waren voor een afwachtend beleid tijdens de zwangerschap 
(n=91). Er werden ook geen associaties gevonden tussen maternale klinische 
parameters tijdens de zwangerschap, zoals intraveneus antihypertensieve 
medicatie, BMI bij eerste prenatale controle, ernst van de hypertensie tijdens de 
zwangerschap en het gebruik van magnesiumsulfaat, en klinische parameters 
2.5 jaar postpartum, zoals diastolische bloeddruk en de prevalentie van 
hypertensie. Alleen het gebruik van intraveneuze antihypertensieve medicatie na 
randomisatie tijdens de zwangerschap was geassocieerd met hogere systolische 
bloeddruk 2.5 jaar na de bevalling (OR 1.05, 95% CI (1.01 – 1.09). Concluderend 
lijkt een verschil van 7 dagen aan blootstelling aan endotheel activatie tijdens 
a terme zwangerschappen geen effect te hebben op klinische en biochemische 
cardiovasculaire risicofactoren 2.5 jaar na de bevalling.

Hoofdstuk 10 beschrijft de kosten effectiviteit analyse van de HyRAS studie 
waarin duidelijk wordt dat postpartum screenen op cardiovasculaire risicofactoren 
en aanvullende behandeling bij vrouwen met een voorgeschiedenis van a terme 
hypertensieve aandoeningen in de zwangerschap hoogstwaarschijnlijk kosten 
effectief is. De kosten effectiviteit analyse is verricht met behulp van twee Markov 
modellen, gebaseerd op screening naar hypertensie en naar metabool syndroom. 
In vergelijking met de huidige praktijk (geen follow-up na hypertensieve 
zwangerschappen), resulteerde zowel screening naar hypertensie als screening 
naar metabool syndroom bij vrouwen met een voorgeschiedenis van a terme 
preëclampsie of zwangerschapshypertensie in een toename in levensverwachting 
(hypertensie screening 0.19 jaar (95%CI -0.28 tot 0.66); metabool syndroom 
screening 0.05 jaar (95%CI -0.26 tot 0.35) en ziektevrije overleving (hypertensie 
screening: 0.42 jaar (95%CI -0.39 tot 1.23); metabool syndroom screening 0.09 
jaar (95%CI -0.25 tot 0.44)). De winst in QALYs was beperkt (hypertensie 
screening 0.04 QALYs (95%CI -0.12 tot 0.20); metabool syndroom screening 0.03 
QALYs (95%CI -0.14 tot 0.19)). Alle incrementele kosten effectiviteit ratio’s waren 
lager dan €60.000 euro’s/QALY.

DEEL 4

Naar aanleiding van de bevindingen en de conclusies van de studies die de basis 
vormen van dit proefschrift, wordt in de algemene discussie van dit proefschrift een 
aantal aanbevelingen gedaan voor verder onderzoek (Hoofdstuk 11). Structurele 
screening, aanvullende behandeling en preventieve programma’s van hart- en 
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vaatziekten bij jonge vrouwen na een zwangerschap die gecompliceerd werd door 
preëclampsie of zwangerschapshypertensie zijn nog niet opgenomen in nationale 
richtlijnen omdat essentieel bewijs nog steeds ontbreekt. Verder onderzoek moet 
gericht worden op de effectiviteit van screening- en preventie programma’s en 
de kosten effectiviteit hiervan. De associatie tussen hypertensieve zwangerschap 
complicaties en cardiovasculaire ziekte later in het leven is een goede kans voor 
verbetering van kwaliteit van leven en biedt mogelijkheden voor verder onderzoek.
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