
VU Research Portal

Cardiovascular disease continuum after preeclampsia

Bokslag, A.

2018

document version
Publisher's PDF, also known as Version of record

Link to publication in VU Research Portal

citation for published version (APA)
Bokslag, A. (2018). Cardiovascular disease continuum after preeclampsia. [, Vrije Universiteit Amsterdam].

General rights
Copyright and moral rights for the publications made accessible in the public portal are retained by the authors and/or other copyright owners
and it is a condition of accessing publications that users recognise and abide by the legal requirements associated with these rights.

            • Users may download and print one copy of any publication from the public portal for the purpose of private study or research.
            • You may not further distribute the material or use it for any profit-making activity or commercial gain
            • You may freely distribute the URL identifying the publication in the public portal ?

Take down policy
If you believe that this document breaches copyright please contact us providing details, and we will remove access to the work immediately
and investigate your claim.

E-mail address:
vuresearchportal.ub@vu.nl

Download date: 23. May. 2023

https://research.vu.nl/en/publications/fa89b754-b7e6-4bd7-b365-eb5bd9475012


Cardiovascular disease 
continuum 
after preeclampsia 

Anouk Bokslag



 
 
 
 
 

 
 
 
Cardiovascular disease continuum after preeclampsia 
Anouk Bokslag 
 
ISBN:  978-94-9301-457-2 
Cover:  Artwork from Alessandra Genualdo (permission obtained) 
Lay out:  Gildeprint 
Printing: Gildeprint 
 
 
Financial support for printing of this thesis was kindly provided by Bridea Medical BV and 
ChipSoft. Financial support by the Dutch Heart Foundation for the publication of this thesis 
is gratefully acknowledged.  
 
 
 
 
 
 
 
 
 
 
 
 
 
Copyright© 2018 A. Bokslag 
All right reserved. No part of this book may be reproduced, stored or transmitted in any 
form or by any means without prior permission of the author.   



VRIJE UNIVERSITEIT 

Cardiovascular disease continuum after preeclampsia 
 

ACADEMISCH PROEFSCHRIFT 

ter verkrijging van de graad Doctor  
aan de Vrije Universiteit Amsterdam,  

op gezag van de rector magnificus 
prof.dr. V. Subramaniam,  

in het openbaar te verdedigen  
ten overstaan van de promotiecommissie  

van de Faculteit der Geneeskunde  
op dinsdag 16 oktober 2018 om 9.45 uur 

in de aula van de universiteit,  
De Boelelaan 1105 

 

 

 

 

 

 

 

 

 

 

 

door 

Anouk Bokslag 
geboren te Woerden 



promotoren: prof.dr. C.J.M. de Groot 
  prof.dr. W.J. Paulus 
  prof.dr. P.W. Teunissen 
 
  



leescommissie:  prof.dr. de Bruijne 
em.prof. Lagro-Janssen 
prof.dr. Spaanderman 
dr. Roeters van Lennep 
dr. Roos-Hesselink  



CONTENTS 
 
Part I 
  

Introduction 
 

 

Chapter 1 General introduction 
 

9 

Chapter 2 Preeclampsia; short and long-term consequences for 
mother and neonate. 
Early Hum Dev. 2016 Nov;102:47-50 
 

23 

   
Part II  Cardiovascular risk factors after preeclampsia 

 
 

Chapter 3 Effect of early-onset preeclampsia on cardiovascular risk in 
the fifth decade of life. 
Am J Obstet Gynecol. 2017 May;216(5):523.e1-523.e7 
 

35 

Chapter 4 Shared biomarkers in women with diastolic heart failure and 
preeclampsia: a systematic literature review and meta-
analyses. 
ESC Heart Fail. 2017 May;4(2):88-98 
 

53 

Chapter 5 Early-onset preeclampsia predisposes to preclinical diastolic 
left ventricular dysfunction in the fifth decade of life. 
PLoS One. 2018 Jun 12;13(6):e0198908 

81 

 
 

        
 

  
 

  
 

  



 
   

Part III Cardiovascular risk perception after preeclampsia 
 

Chapter 6 Maternal recall of a history of early-onset preeclampsia, 
late-onset preeclampsia or gestational hypertension: a 
questionnaire study. 
Submitted  
 

103 

Chapter 7 Cardiovascular risk after preeclampsia: The effect of 
communicating risk factors on intended healthy behavior. 
Hypertens Pregnancy. 2018 May;37(2):98-103 
 

121 

Chapter 8 Reduction of cardiovascular risk after preeclampsia: the role 
of framing and perceived probability in modifying behavior. 
Hypertens Pregnancy. 2016 Nov;35(4):470-473 
 

135 

   
Part IV  Discussion 

 
 

Chapter 9 General discussion 
 

143 

   
Addendum English summary 160 
 Nederlandse samenvatting 166 
 List of authors 172 
 PhD portfolio 174 
 Dankwoord 177 
 Curriculum vitae 180 
 

  



Part I 
Introduction  



Chapter 1 

General introduction 

  



Women’s health is a hot topic in health care and medical science. Medically, men and 
women were seen as identical for decades and clinicians made no distinction in prevention, 
diagnosis and treatment between both sexes. Also, research was predominantly performed 
in men, or when women were included, most data were not reported separately by sex.1 As 
a result, this has led to gender disparity in health care.2 In women, diagnosis might be 
delayed because doctors were taught the male presentation of a disease, women were 
treated as men and women used drugs tested by men.3,4 More and more it becomes 
evident that women differ from men in many facets of medicine. Therefore, health care is 
needed that is better attuned to women. Women’s health concerns many medical 
specialties and therefore it needs a cross-disciplinary approach.  

An example of a female-specific approach is to use the obstetric history in estimating the 
risk of disease later in life. After hypertensive pregnancy disorders, for instance, it has 
become evident that cardiovascular risk is increased.5-7 The Dutch guideline 'Cardiovascular 
risk management after reproductive and pregnancy-related disorders' recommends 
therefore that women with a history of preeclampsia should undergo a cardiovascular risk 
assessment at the age of 50.7 Choosing the age of 50 was a pragmatic choice rather than 
scientifically founded, since the course of cardiovascular risk factors over time among these 
women is largely unknown. Therefore, this thesis focuses on women’s cardiovascular risk 
profile in the fifth decade of life,  between their 40’s and 50’s, in relation to a history of 
early-onset preeclampsia.  

CARDIOVASCULAR RISK FACTORS AFTER PREECLAMPSIA 
 
Cardiovascular disease (CVD) is the main cause of death in women worldwide, one third of 
all women die from CVD.8 In The Netherlands, CVD is the second cause of death, after 
cancer.9 The trend for CVD mortality declined after 2002, most likely due to risk factor 
changes, better treatment uptake and improved treatment effectiveness showing the 
importance of these factors.10 The trend for malignancies steadily increased mainly due to 
lung cancer mortality, which is related to the smoking behavior of a few decades ago.9 
From post-menopausal age onwards, more women than men suffer from CVD.11,12 
Nevertheless, the diagnosis is often delayed in women due to differences in clinical 
presentation, women have different symptoms, and underlying pathophysiology, women 
are prone to other types of CVD, compared to the male standard.3,4,11,13  

It has become evident that women who have had preeclampsia, a hypertensive pregnancy 
disorder, face an increased cardiovascular risk later in life (chapter 2).5-7,14 The risk is even 
higher in women who have had early-onset preeclampsia.15 The incidence of cardiovascular 
death in women with a history of late-onset preeclampsia is 0.14% per year, in women with 



a history of early-onset preeclampsia 0.46% per year, while it is in women with a non-
preeclamptic pregnancy 0.06% per year.15 Also shortly after pregnancy the risk is already 
pronounced. Within 5 years after pregnancy, hypertension is diagnosed in 25% of women 
who had late-onset preeclampsia, in 45% of women who had early-onset preeclampsia and 
only in 8% of age comparable women in the general population.16,17 The development of 
preeclampsia is believed to be one of the earliest gender-specific factors of increased 
cardiovascular risk.18 

It is not clear whether the relationship between preeclampsia and CVD is causative or that 
preeclampsia is an early manifestation of a pre-existing disease. Nonetheless, pregnancy 
can be seen as a cardiovascular “stress test” revealing elevated susceptibility for CVD at a 
relatively young age.19 As shown in figure 1, women with preeclampsia exceed the clinical 
threshold during pregnancy, they fail pregnancy’s “stress test”, and later in life they again 
cross the clinical threshold at an earlier age compared to women with a history of 
uncomplicated pregnancies.19,20 Most studies have focused on cardiovascular risk factors 
short term postpartum or on CVD more than 20 years after pregnancy.21 The time in 
between, the fourth and fifth decade of life, is when first signs of CVD could present 
themselves in these women 21 

Figure 1. Women with preeclampsia exceed the clinical threshold during pregnancy and again later in life 
at a younger age compared to women with uncomplicated pregnancies. Adapted from Sattar BMJ 
2002©19 

 



Gap:  

The progression of cardiovascular risk factors over time, from pregnancy to 
manifestation of CVD, needs more evaluation. More research is needed in 
the fourth and fifth decade of life, when first signs of CVD could present 
themselves.21 Women with a history of early-onset preeclampsia could 
possibly benefit from screening for CVD in these decades, but screening 
would be best if CVD did not already develop. Studies focusing on risk 
factor screening in this time window lack and as a consequence it is not 
clear what the most optimal timing for screening and preventive measures 
is (figure 2).  

 

Objective:  

To assess cardiovascular risk factors and established CVD in women after 
early-onset preeclampsia in the fifth decade of life, to determine whether 
there is still a window of opportunity for preventive measures or that CVD 
already has developed (chapter 3). 

 

Figure 2. The circle represents the fifth decade of life where it is not clear whether there is still a window 
of opportunity for preventive measures or that CVD already has developed. Adapted from Sattar BMJ 
2002©19 



A manifestation of CVD, specifically in women, is heart failure with preserved ejection 
fraction (HFpEF).22 HFpEF is characterized by diastolic dysfunction of the left ventricle.23 In 
diastolic dysfunction, the stiffer and concentric remodeled ventricle has a smaller volume 
and can fill with less blood than normal. The function of the heart muscle is not changed 
and therefore a normal fraction of blood can be pumped out. However, there was less 
blood in the ventricle and consequently less blood is pumped into the body. This type of 
heart failure differs mechanistically from systolic dysfunction, the more familiar form of 
heart failure, but both result in the same clinical manifestations with dyspnea, edema and 
exercise intolerance. HFpEF forms a growing and significant public health burden since the 
incidence of HFpEF is increasing and there is no known prevention other than treatment of 
the risk factors, such as hypertension, diabetes and obesity.24 Diagnosing HFpEF is 
challenging because of its long asymptomatic course.25-27 The pathophysiology of HFpEF 
shares many features with preeclampsia. Both manifestations involve biochemical 
processes like metabolic alterations, systemic inflammation, endothelial dysfunction, 
oxidative stress and myocardial infiltration by macrophages.28-30  

 

Gap: 

HFpEF might be an expression of the increased cardiovascular risk after 
preeclampsia, and it is difficult to diagnose. Biomarkers reflecting the 
shared pathophysiology between both diseases may therefore be useful in 
the detection of HFpEF, in women with a history of preeclampsia. 

 

Objective: 

To investigate biomarkers reflecting a shared pathogenic pathways 
between preeclampsia and HFpEF, and potentially prognostic for 
cardiovascular risk stratification in women after hypertensive pregnancy 
disorders (chapter 4). 

 

  



Next to the biochemical markers of HFpEF, several studies reported on the 
echocardiographic parameters in women with preeclampsia. These women had during 
their pregnancy higher left ventricular mass, larger left ventricular volumes and lower left 
ventricular ejection fraction paralleled by increases in plasma natriuretic peptide levels 
compared to normotensive pregnant and non-pregnant women.31 Findings were more 
severe in early-onset preeclampsia than in term preeclampsia.31-34 The presence of 
abnormalities in both systolic and diastolic functions among patients with preeclampsia 
could be functional and reversible, as adaptation to increased systemic blood pressure, or 
could be structural and persistent, as an expression of structural abnormalities of the left 
ventricle.31 To differentiate between both, or whether it is a combination of both, studies 
are necessary investigating echocardiographic parameters later in life. Preclinical diastolic 
dysfunction of the left ventricle is known to become manifest in the fifth decade of life.35 

 

Gap: 

There are epidemiological and mechanistic links between preeclampsia and 
HFpEF. The diastolic abnormalities found  in women with preeclampsia 
might resolve after pregnancy or may be an early expression of HFpEF later 
in life, expressed as preclinical diastolic dysfunction in the fifth decade of 
life.  

 

Objective:  

To detect if preeclampsia predisposes to HFpEF in the fifth decade of life, 
echocardiography and biomarkers were compared between women with 
a history of early-onset preeclampsia and women with a history of an 
uncomplicated pregnancy (chapter 5). 

 

CARDIOVASCULAR RISK PERCEPTION AFTER PREECLAMPSIA 
 
The use of a woman’s obstetric history for risk estimation later in life, is an example of 
gender-specific health care. Since cardiovascular risk is increased in women with a history 
of preeclampsia, the knowledge of hypertensive pregnancy disorders in a woman’s history 
might be useful in cardiovascular risk estimation later in life. General practitioners, 
cardiologist and other clinicians often do not have access to obstetrical records years after 



pregnancy. As a consequence, they have to rely on women’s ability to accurately recall their 
obstetric history.  

 

Gap: 
 
It is not clear how sensitive and specific maternal recall is for different 
severities of hypertensive pregnancy disorders, in the fifth decade of life 
when cardiovascular risk estimation becomes relevant. In previous studies 
no distinction was made between early-onset preeclampsia, late-onset 
preeclampsia and gestational hypertension while all predispose to different 
severities of cardiovascular risk. 

 

Objective:  

To study the accuracy of a questionnaire to assess different severities of 
hypertensive pregnancy disorders, including early-onset preeclampsia, 
late-onset preeclampsia and gestational hypertension, because of their 
disproportionate risk of CVD later in life. (chapter 6). 

 

When women are aware of an increased cardiovascular risk later in life, for example as a 
result of a risk estimation, they can try to modify this risk by lifestyle changes.36 Also after 
preeclampsia, lifestyle interventions seem to be effective in decreasing cardiovascular 
risk.37 However, it is not clear how women with a history of preeclampsia can best be 
motivated to change their lifestyle. Many express the intention to live healthy after 
pregnancy, but most fail to achieve this.38 In guidelines regarding health promotion, the 
proven effectiveness of lifestyle interventions is often mentioned but most pass over the 
preceding step, i.e. how to motivate these women to change their health-related 
behavior.39,40  

  



 

Gap: 

It is assumed that informing an individual about the presence of risk factors 
has a motivating effect, but supporting literature in the field of increased 
cardiovascular risk after pregnancy disorders is lacking. It is not clear what 
the effect of communicating risk factors is on the intention of these women 
to change to healthier behavior.  

 

Objective:  

To evaluate the effect of communicating risk factors on intended healthy 
behavior with regard to cardiovascular risk, in women in the fifth decade of 
life with a history of early-onset preeclampsia (chapter 7). 

 

Besides the effect of communicating cardiovascular risk factors, the effect of how 
cardiovascular risk is communicated might be of interest in the motivation for healthy 
behavior in women with a history of preeclampsia. In promoting healthy lifestyle, it has 
been demonstrated that even subtle differences in message framing can affect health-
related behavior.41-43 Framing is described as presenting logically equivalent choice 
situations in different ways and appears to play an important role in clinical practice.44 For 
example, in a study investigating walking behavior in elderly people positive framing 
(information about the benefits of walking) was found to be more effective in promoting 
walking than negative framing (information about consequences of failing to walk).45 Also 
cardiovascular risk can be framed in different ways. It can be communicated as change to 
stay healthy or as risk to develop a disease.  
Another important factor influencing people’s motivation to modify behavior is the 
perceived probability of developing a disease.46 When confronted with a perceived high 
risk, people tend to be more willing to modify their behavior than when the risk is 
perceived as low. 
  



 

Gap: 

In motivating healthy behavior in women with a history of preeclampsia, it is 
not clear what the most effective way is to communicate cardiovascular risk 
and if there is a potential role for framing. Motivation is influenced by 
perceived probability, but the interaction with framing is unknown.  

 

Objective: 

To assess the effect of framing, perceived probability, and its interaction 
in modifying behavior in the specific field of cardiovascular risk after 
preeclampsia (chapter 8). 

 

Summarizing , the first main aim of this thesis is to assess the increased cardiovascular risk 
in women with history of early-onset preeclampsia, in the fifth decade of life. Do these 
women have cardiovascular risk factors, established CVD or diastolic dysfunction? Can the 
obstetric history be used in estimating cardiovascular risk later in life, as a female-specific 
approach?  

The second main aim of this thesis is to make use of the increased risk to improve 
cardiovascular status in women with a history of early-onset preeclampsia. Do these 
women recall a history of hypertensive pregnancy disorder and identify themselves at risk 
for cardiovascular disease later in life? Is it motivating to be informed about cardiovascular 
risk factors, or does it help when this information is framed, on the willingness to change to 
a healthier lifestyle? 

The general discussion (chapter 9) addresses these questions. 
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Chapter 2 

Preeclampsia; short and long-term 
consequences for mother and neonate 
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ABSTRACT 
 
Preeclampsia is a common pregnancy specific disease, that presents with hypertension and 
a variety of organ failures, including malfunction of kidneys, liver and lungs. At present, the 
only definitive treatment of preeclampsia is end the pregnancy and deliver the neonate and 
placenta. For women with mild preeclampsia in the preterm phase of pregnancy, expectant  
management is generally indicated to improve fetal maturity, often requiring maternal 
medical treatment. Last decades, more evidence is available that the underlying 
mechanism of preeclampsia, endothelial disease, is not limited to pregnancy but increases 
cardiovascular risk in later life. In this review, we present the most recent insight in 
preeclampsia with focus on impact on the fetus, short and long-term outcome of 
offspring's, and long-term outcome of women with a history of preeclampsia. 
  



Preeclampsia is a common pregnancy specific disease with potential adverse maternal and 
neonatal outcome, that affects 3–5% of all pregnancies.1  Recently, preeclampsia is re-
defined by de-novo hypertension manifested after 20 weeks of gestation combined with 
one of the following new-onset conditions: proteinuria (≥300 mg/day); or maternal organ 
dysfunction (including renal insufficiency, liver involvement, neurological or haematological 
complications); or uteroplacental dysfunction (potential causing fetal growth restriction).2 
Two subtypes are clinically recognized by the time of onset of the disease: early onset 
preeclampsia (<34 weeks gestation) and late onset preeclampsia (≥34 weeks gestation). 
Early onset preeclampsia is less prevalent but has higher rates of maternal morbidity, 
perinatal death and severe neonatal morbidity compared to the late onset disease.3  
The main pathologic feature of early onset preeclampsia is an abnormal development of 
the placenta. The placentation in preeclampsia is typically characterized by abnormal 
vascular remodelling of the spiral arteries starting in the first trimester of pregnancy, weeks 
before clinical manifestation is evident. Due to failure of the cytotrophoblast cells 
penetrate into the myometrial segment of the spiral arteries, the musculoelastic wall 
cannot be replaced with fibrinoid material. Due to this failure, spiral arteries fail to change 
into large vessels with low resistance and remain narrow with high pressure, resulting in 
placental hypoperfusion. Local hypoperfusion results in release of various factors, including 
inflammatory cytokines and antiangiogenic proteins increasing the ratio between the 
antiangiogenic factor soluble fms-like tyrosine kinase-1 (sFlt-1) and the proangiogenic 
placental growth factor (PlGF), that might contribute to systemic endothelial response, 
manifested clinically as preeclampsia and intrauterine fetal growth restriction.4,5  
Women who have had a pregnancy complicated by late onset preeclampsia have most 
often minimal or no abnormal vascular remodeling of the spiral arteries and no intrauterine 
fetal growth restriction. Interaction of placentation and endothelium results in impairment 
of the latter with microvascular damage, generalized vasoconstriction and reduced blood 
flow to multiple organs. Despite intensive research over the last decades the 
pathophysiology is still not completely understood and the division described above is not 
always clear.6 Subtypes may help in understanding the pathophysiology, but most patients 
have entities of both pathologies.6  
Factors reported to be associated with increased risk of preeclampsia include a history of 
preeclampsia, family history of hypertensive disorders in  pregnancy, the presence of 
antiphospholipid antibodies, nulliparity, multiple pregnancy, donor oocyte pregnancy, 
advanced maternal age and pre-existing diabetes, renal disease, high blood pressure 
and/or high body mass index.7 

 



1. MANAGEMENT OF PREECLAMPSIA 
 
The only definitive treatment of preeclampsia is to deliver the placenta and thus the 
neonate. Because of the two conflicting interests of mother and  child, timing of delivery is 
one of the main challenges of preeclampsia, especially in women with early onset 
preeclampsia. Women with  preeclampsia are at risk of developing acute kidney or hepatic 
failure, hepatic rupture, pulmonary edema, cerebral haemorrhage, disseminated 
intravascular coagulation and progression to eclampsia, while their risk of placental 
abruption, IUGR and intrauterine fetal death is increased as compared to non-preeclamptic 
women. On the other hand, the neonate is likely to benefit from a prolongation of 
pregnancy because of the sequelae of prematurity, although a compromised intrauterine 
environment might jeopardize this advantage.8 If preeclampsia is diagnosed beyond 37 
weeks of gestation, induction of labour is the best choice for mother and neonate.9 If mild 
preeclampsia or pregnancy induced hypertension occurs at 34–37 weeks' gestation, 
expectant monitoring until clinical deterioration is justified; immediate delivery significantly 
increased the risk of neonatal respiratory distress syndrome and adverse maternal 
outcomes were not clinically relevant reduced.8 Delivery is indicated regardless of 
gestational age if there is evidence of advanced disease or impeding eclampsia. 

 

2. WHAT ARE CONSEQUENCES OF PREECLAMPSIA FOR THE NEONATE? 
 
Placental hypoperfusion can cause fetal growth restriction and oligohydramnios. Children 
born after a pregnancy complicated by preeclampsia have an average of 5% lower birth 
weight as compared to children born after an uncomplicated pregnancy. This reduction is 
even more prominent in women with pregnancies complicated by early onset 
preeclampsia, who have on average a 23% lower birth weight than expected based on 
gestational age.10 In line with this is an increased fetal death rate; 5.2 per 1000 fetal death 
in women with preeclampsia versus 3.6 per 1000 in women with uncomplicated 
pregnancies. In women with early onset preeclampsia, the risk of stillbirth is even sevenfold 
higher compared to normotensive pregnancies.11 The deprived intrauterine environment in 
women with preeclampsia is a significant contributor to preterm birth, most often 
iatrogenic.12 Preterm birth is the world's leading cause of neonatal morbidity and 
mortality.13 It is associated with higher rates of infant respiratory distress syndrome, 
intraventricular haemorrhage, sepsis, bronchopulmonary dysplasia and 
neurodevelopmental disability in childhood.14 In preterm birth antenatal corticosteroid 
therapy reduces neonatal morbidity and mortality; in spontaneous preterm birth as well as 
in pregnancies complicated preterm by hypertensive disorders.15 



The leading cause of maternal death from preeclampsia is cerebral haemorrhage, which is 
presumably the consequence of severe hypertension.16 The ideal drug for urgent treatment 
of severe hypertension during pregnancy should act quickly, be reliable, avoiding 
hypotension that may reduce placental blood flow and is without adverse neonatal effects. 
No such agent is currently neither available nor exact maternal blood pressure targets. As a 
consequence a variety of drugs has been used with the aim to reduce maternal morbidity. 
We will focus on the neonatal effects of women treated for severe hypertensive disorders.  
A meta-regression analysis of RCTs (42 trials, 3892 women) raised concerns that 
antihypertensive therapy in general may increase the risk of intrauterine fetal growth 
restriction.17 Meta-regression of RCTs described a significant relationship between the 
antihypertensive-induced fall in mean arterial pressure and the risk of small for gestational 
age infants or lower birth weight (odds ratio 1·31 [95% CI 0·98–1·75], n = 15 trials, 1782 
women).18,19 Labetalol is one of the most common used antihypertensive drugs in severe 
and non-severe hypertension. It is an adrenergic inhibitor with combined β and α 1-
blocking properties. Labetalol has been compared with other hypertensive drugs. A 
Cochrane systematic review of these trials showed calcium-antagonists and labetalol to 
provide the best control of blood pressure, although there was insufficient information to 
make reliable conclusions about the effectiveness and fetal safety of these drugs.20 Effects 
on the neonate are persistent fetal bradycardia, hypotension (49% of children exposed to 
labetalol in utero vs 7% in controls) and neonatal hypoglycaemia (47% of children exposed 
to labetalol in utero vs 42% in controls.21 The latter findings suggest a potential side effect 
of hypotension due to labetalol and hypoglycaemia that might also be contributed by 
preterm delivery. The neonatal side effects of maternal labetalol treatment in preeclampsia 
underline the importance of frequent blood glucose and blood pressure measurements in 
the first days of life. Labetalol may be present in low concentrations in breast milk but is 
not anticipated to have a  pharmacologic effect. There is no compelling evidence that 
labetalol is associated with adverse neurodevelopmental effects later in life. In a Dutch 
prospective cohort study, hyperactivity disorder (ADHD)was twice more often observed in 
4–10 year old children in utero exposed to labetalol as compared with those exposed to 
methyldopa (OR 2.3; 95% CI 0.7–7.3). Other reviews describe no differences in 
neurodevelopmental  outcome between children age 3–10 years exposed to labetalol or 
exposed to other or no antihypertensive drugs.22 However, there is a baseline risk for 
neurodevelopmental problems, since gestational hypertension and preeclampsia may 
themselves be associated with an increase in adverse paediatric neurodevelopmental 
effects mainly due to preterm delivery.17 
Labetalol intravenously has been adopted internationally as antihypertensive agent of 
choice in severe hypertension in pregnancy, because it does not lead to reflex tachycardia 
or increased intracranial pressure. Reported side effects of labetalol are evident for both 
women (lack of blood pressure control in 37–53% of patients) and fetus.23 Intravenous 



nicardipine, a calcium-channel blocker, may be an attractive alternative for the treatment 
of severe hypertension in pregnancy since it has high potential to lower maternal blood 
pressure, a fast onset of action and a short elimination half-life (2 to 5 min). Reflex 
tachycardia seems to be the most troublesome side effect. The expected faster and tight 
control of maternal blood pressure using  intravenous nicardipine as compared to oral 
nifedipine, also a calcium-channel blocker, might better control its downsides; compromise 
of cerebral perfusion or jeopardize uteroplacental blood flow for women with severe 
preeclampsia.20,23 Data from one trial (50 women) suggested that nifedipine was associated 
with a better safety profile than labetalol (RR 2.17, 95% CI 0.98 to 4.79). However, there 
are insufficient data for reliable conclusions about the comparative effects of these two 
agents.24 
Hydralazine is a direct arteriolar vasodilator that directly affects the smooth muscle in 
precapillary resistance vessels with minimal effect on postcapillary venous capacitance 
vessels resulting in decreased systemic vascular resistances.25 It has a slower onset of 
action for maternal blood pressure reduction as compared with labetalol. Hydralazine has 
been associated with increased risk of maternal hypotension and oliguria. No differences 
between labetalol and hydralazine has been reported for fetal or neonatal death (RR 0.75, 
95% CI 0.17 to 3.21) and slightly better fetal outcome using intrauterine labetalol compared 
to hydralazine (fetal heart rate decelerations (average RR 0.80, 95% CI 0.13 to 4.95 
labetalol vs hydralazine and Apgar score after 7 min <5 (average RR 0.57, 95% CI 0.03 to 
10.3).20 Sodium nitroprusside is only used in emergency setting. It is a potent vasodilator, 
but it is metabolized to cyanide which crosses the placenta and has potential fetal toxicity.  
The use of magnesium sulfate for the prevention of eclampsia is now considered a 
universal practice in obstetrics. Magnesium sulfate reduced progression to eclampsia 
compared to phenytoin (three trials, 2291 women; RR 0.08, 95% CI 0.01 to 0.60) and 
nimodipine (one trial, 1650 women; RR 0.33, 95% CI 0.14 to 0.77).26,27 Magnesium sulfate is 
used for maternal seizure prophylaxis by decreasing incidence of cerebral palsy and gross 
motor dysfunction.26,27 There was no clear difference in stillbirth or neonatal death (RR 
1.04, 95% CI 0.93 to 1.15). For 3283 children exposed in utero there was no clear difference 
in death (RR 1.02, 95% CI 0.57 to 1.84) or neurosensory disability (RR 0.77, 95% CI 0.38 to 
1.58) at the age of 18 months was observed.28 Meta-analysis of the trial data indicated that 
antenatal magnesium sulfate reduced the risk of cerebral palsy by one-third, and resulted 
in one case of cerebral palsy less per every 50 women treated.29  
For long term development of the child the hypothesis of Developmental Origins of Health 
and Disease (DOHaD) might be applicable. Due to abnormal placentation, suboptimal 
intrauterine environment may permanently alter organ structure and function of the body's 
biological feedback systems and increase an individual susceptibility to diseases later in 
life.30,31 Recently, Pinheiro et al. reported in meta-analysis contradictory outcomes of 
cardiovascular risk in offspring after intrauterine exposure of preeclampsia. Most studies 



found in offspring exposed to intrauterine preeclampsia, at the age of 9 to 17 years old, 
higher systolic blood pressure, other found higher diastolic blood pressure and some 
both.30 Kajantie et al. were the only to consider the severity of preeclampsia and found an 
increased risk of  hypertension in adults exposed to severe maternal preeclampsia.32 Four 
studies described the offspring's immune outcomes after intrauterine exposure of 
preeclampsia.30 No univocal adverse immune outcome was described. One study described 
an association between preeclampsia and offspring's asthma at the age of 3 years but after 
analysis for confounding factors, including family history, no association was provable. Eight 
studies described the intellectual intelligence of the offspring exposed to preeclampsia and 
found a negative impact on cognitive functioning throughout life compared to the average 
population.30,33 Differences between those exposed intrauterine to preeclampsia and 
uncomplicated pregnancies could be explained by preterm birth and/or intrauterine growth 
restriction.30 In contrast, Van Wassenaer et al. found that in prospective cohort of 4.5 years 
old children exposed to severe early-onset hypertension treated with expectant 
management with or without plasma volume expansion had mean IQ score 8 points above 
the normal population range.34 
Inconsistency in long-term outcome can be explained by confounders including severity of 
preeclampsia, birth weight at delivery, fetal sex, intrauterine (e.g. corticosteroid) and 
neonatal treatment (e.g. ventilation, use of antibiotics), and genetic aspects. 
 

3. WHAT ARE CONSEQUENCES OF PREECLAMPSIA FOR MOTHER? 
 
Besides the direct life threatening complications in pregnancy, it has become evident that 
after preeclampsia women are at increased risk to develop cardiovascular diseases later in 
life. In a Danish registry-based cohort study, >700,000 women were investigated with a 
median follow-up of 14.6 years.35 After severe preeclampsia (defined as RR ≥160/110 mm 
Hg or proteinuria  >5.0 g/24 h) a 6-fold (range: 5.45 to 6.77) increase of hypertension, 1.7-
fold (range: 1.22 to 2.40) increase of ischemic heart disease, 1.9-fold (range: 1.35 to 2.70) 
increase of thromboembolism and a 4-fold (range: 3.04 to 4.46) increase of type 2 diabetes 
were observed. Bellamy et al. performed a systematic review with meta-analyses 
investigating more than three million women, 10–15 years after pregnancy, and found 
similar results; women with a history of preeclampsia had 3.7 increased risk of 
hypertension, 2.2 increased risk of developing ischaemic heart disease, 1.8 increased risk of 
stroke and 1.19 increased risk of developing venous thromboembolism compared to 
women without preeclampsia.36 Even shortly after pregnancy (two years postpartum), 30% 
of the women who have had gestational hypertension or preeclampsia at term had 
hypertension and 25% of them had metabolic syndrome.37 The severity of preeclampsia is 
associated with the severity of cardiovascular diseases later in life. In women 3 months to 5 



years after pregnancy, 45% who have had early onset preeclampsia had hypertension 
compared to 25% who have had late onset preeclampsia.38 In line with this observation is 
the risk of dying from cardiovascular diseases later. Women who have had early onset 
preeclampsia had a 9 to 10-fold increased risk to die from cardiovascular diseases while 
women who have had late onset preeclampsia had a 2-fold increased risk.39 Besides that 
the risk of cardiovascular risk is increased, also the time of onset of hypertension is at a 
younger age: 7.7 years earlier in women with a hypertensive pregnancy disorder than 
women without pregnancy complications in history.40 In a longitudinal Canadian cohort 
with >25 years follow-up of >1,000,000 women, recurrent preeclampsia was extensively 
associated with cardiovascular outcomes compared to non-recurrent preeclampsia.41 
Although, it is unclear whether preeclampsia is a cause of cardiovascular risk or is a marker, 
it is an opportunity for CVD prevention at a relative young age.  

 

4. CONCLUSION 
 
Preeclampsia is a common pregnancy specific disease with major impact in long term 
outcome for both women and their children. Women with a history of preeclampsia are 
prone to cardiovascular disease later. This implies the opportunity to develop and evaluate 
preventive programs at a relative young age. Potential effects of maternal treatment, 
including medication and duration of exposure of a deprived intrauterine environment, on 
long term outcome for children is unclear and should be evaluated in order to reduce 
adverse outcome including hypertension and cognitive functioning which in turn could play 
a role in the reproductive outcome of these offsprings. 
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ABSTRACT 
 

Background  

Women with hypertensive disorders in pregnancy, in particular early-onset preeclampsia, 
are at increased risk of developing cardiovascular disease later in life. These women have a 
more than two-fold increased risk to die from cardiovascular diseases. Most studies 
focused on identification of risk factors shortly after pregnancy. Less is known on the 
prevalence of risk factors or actual signs of cardiovascular disease 5 – 20 years later. The 
presence of hypertension or metabolic syndrome can be seen as an opportunity for 
preventive interventions to reduce the development of severe cardiovascular diseases like 
myocardial infarction and stroke.  

Objective 

To assess cardiovascular risk factors and established cardiovascular disease in women after 
early-onset preeclampsia, in the fifth decade of life. As a consequence we can assess if 
there is still a window of opportunity for preventive measures and to establish in what 
proportion of women cardiovascular disease has already developed.  

Study Design 

In a prospective observational study cardiovascular risk assessment was performed in 
women with early-onset preeclampsia (<34 weeks gestation) and normotensive controls 
(≥37 weeks gestation) 9-16 years after their index pregnancy. Medical records of two 
tertiary hospitals in Amsterdam, The Netherlands, were consecutively screened and all 
eligible women were invited. Cardiovascular risk assessment consisted of a questionnaire, 
blood pressure measurement, anthropometrics, blood and urine for fasting lipids, 
lipoproteins, glucose levels, HbA1c, renal function, NT-proBNP and albuminuria. Past 
history of cardiovascular diseases (i.e. myocardial infarction and stroke) was determined. 
Prevalence of women presenting in an optimal window of opportunity for preventive 
measures was defined by presence of cardiovascular risk factors (i.e. hypertension and 
metabolic syndrome) but in the absence of established cardiovascular diseases (i.e. 
myocardial infarction and stroke). 

Results 

Women with a history of early-onset preeclampsia (n=131) had significantly higher systolic- 
and diastolic blood pressure, higher body mass index, had more often an abnormal lipid 
profile (lower HDL levels, higher triglycerides), higher HbA1c and higher levels of 



albuminuria compared to controls (n=56). None of the women with a history of early-onset 
preeclampsia was diagnosed with cardiovascular disease; 38.2% were diagnosed with 
hypertension; 18.2% were diagnosed with metabolic syndrome. A total of 42% met the 
criteria for the window of opportunity for preventive measures. In women with a history of 
an uncomplicated pregnancy, no women were diagnosed with cardiovascular disease; 
14.3% were diagnosed with hypertension; 1.8% with metabolic syndrome. In this cohort 
14.3% met the criteria for the window of opportunity for preventive measures.  

Conclusion  

A large proportion of women who experienced early-onset preeclampsia had major 
cardiovascular risk factors in the fifth decade of life, compared to healthy controls. These 
women are currently outside the scope of most preventive programs due to their relatively 
young age, but have important modifiable risk factors for cardiovascular diseases.   



INTRODUCTION 
 

Preeclampsia is a pregnancy specific disorder that affects 3-5% of all pregnancies and is a 
leading cause of maternal and neonatal morbidity and mortality1. The disorder is 
characterized by hypertension with one or more of the following new-onset conditions: 
new-onset proteinuria, thrombocytopenia, impaired liver function, new-onset renal 
insufficiency, pulmonary edema, or new-onset cerebral or visual disturbances2.  
The association between preeclampsia and cardiovascular disease later in life is well 
established3,4. Cardiovascular disease is the leading cause of death in women in the 
Western world5. Women with a history of preeclampsia even have a more than two-fold 
increased risk to die from cardiovascular diseases4. It is not clear whether the relationship 
between preeclampsia and cardiovascular disease is causative or that preeclampsia is an 
early manifestation (i.e. a stress test) of cardiovascular disease, because the 
pathophysiological link is not fully elucidated. Nonetheless, the occurrence in relative 
young women creates an opportunity for early identification of women at risk and if 
necessary, preventive measures and interventions can be undertaken early in life6.  
The influence of cardiovascular risk factors over time, from pregnancy to manifestation of 
cardiovascular disease, needs more evaluation. Most studies have focused on 
cardiovascular risk factors short term postpartum or more than 20 years after pregnancy7. 
More research is needed in the fourth and fifth decade of life, when premature 
cardiovascular diseases are expected to develop7. It could be suggested that women with a 
history of preeclampsia could highly benefit from screening for cardiovascular disease in 
these decades of life. However, screening would be best if cardiovascular disease did not 
already develop. Studies focusing on risk factor screening in this time window after 
pregnancy lack and as a consequence it is not clear what the most optimal timing for 
screening and preventive measures is. 
The question this study addresses is: is there still a window of opportunity for preventive 
measures in the fifth decade of life or has cardiovascular disease already developed? To 
clarify this fragile balance, this study investigated cardiovascular risk factors in women with 
a history of early-onset preeclampsia compared to women with a history of an 
uncomplicated pregnancy in the fifth decade of life.  

 

 
 
  



MATERIALS AND METHODS  
 

Study population 

All women were recruited from obstetrical databases of two tertiary medical centers in the 
Netherlands, all giving birth between 1998 and 2005. Medical records of women with a 
history of early-onset preeclampsia were consecutively screened and all eligible women 
were invited. Participating women with a history of early-onset preeclampsia were 
matched with women with an uncomplicated pregnancy, for maternal age (range ± 5 years) 
and date of delivery (range ± 1 year). Early-onset preeclampsia was diagnosed as delivery 
before 34 weeks gestation, blood pressure ≥140/90 mmHg and proteinuria ≥300 mg/24h 
using the ISSHP 2001 criteria; the criteria used at the time of diagnosis of the study 
population8.  
Preeclampsia was defined as severe in the presence of one or more of the following 
conditions: proteinuria ≥5 g/24h, HELLP syndrome, occurrence of eclamptic seizure or 
pulmonary edema. 
An uncomplicated pregnancy history was defined as giving birth between 37 and 42 weeks 
gestation, after a normotensive pregnancy and with absence of intrauterine growth 
restriction. For both women with a history of early-onset preeclampsia and uncomplicated 
pregnancy exclusion criteria were: established chronic hypertension, use of 
antihypertensive medication or blood pressure at booking, the first blood pressure 
measured in first trimester, RR ≥140/90 mmHg; diabetes mellitus or gestational diabetes; 
cardiovascular diseases, including renal diseases, Raynaud’s disease as a possible reflection 
of impaired vascular function, or the use of cardiovascular related medication before index 
pregnancy; multiple pregnancy; congenital abnormalities; pregnant at, or the last six 
months before, assessment; breastfeeding at time of assessment. 
Consenting participants were invited between 2014 and 2016 for a cardiovascular risk 
assessment at the VU University Medical Center. Approval for the study was obtained from 
the medical ethics committee of the VU University Medical Center in Amsterdam and 
locally by the hospital board of the Academic Medical Centre Amsterdam (protocol 
approval: NL38972.029.12; Dutch trial registration: NTR5297).  

Measures 

All participants were asked to fill in a questionnaire including smoking status, obstetric 
history, family history regarding cardiovascular diseases, current medical conditions and 
use of medication. The part of the questionnaire regarding medical conditions, contained 
questions about treatment by a medical specialist, type of specialist, for what diagnosis; 
presence and/or treatment of cardiovascular risk factors or cardiovascular diseases 



including diabetes, increased cholesterol, stroke, high blood pressure, heart attack, 
coronary artery disease and heart failure. The cardiovascular risk assessment consisted of 
blood pressure measurement, anthropometrics, blood sampling and urine collection. Blood 
pressure was measured twice, manually in sitting position. The first and fifth phase 
Korotkoff sounds were used for systolic and diastolic blood pressure. The mean value of 
two measurements was used.  
Body height was measured with a wall-mounted stadiometer at 0.5 cm precision without 
shoes. Body weight was measured with a mechanical scale at 0.5 kg precision in light indoor 
cloths without shoes. Body Mass Index was calculated as body weight divided by the square 
of the body height (kg/m2). Waist and hip circumference was measured on uncovered skin 
using an inelastic tape measure at the narrowest point of the waist and the widest part of 
the hips to the nearest 0.5 cm. Waist-hip-ratio was calculated as waist circumference 
divided by hip circumference (cm/cm). The venous blood samples were taken after an 
overnight fast for analysis of lipids, lipoproteins, glucose, glycated hemoglobin (HbA1c), 
renal function and N-terminal brain natriuretic peptide (NT-proBNP). Immediately after 
waking up, urine was collected at home for microalbuminuria assessment.  
The window of opportunity for preventive measures was defined as presence of the 
cardiovascular risk factors hypertension and/or metabolic syndrome but in absence of 
established cardiovascular diseases myocardial infarction and stroke. These cardiovascular 
diseases were chosen to be reliable in self-report9.  
Hypertension was defined as either current use of antihypertensive medication and/or 
blood pressure RR ≥140/90 mmHg measured at risk assessment10. Metabolic syndrome was 
diagnosed according to the Adult Treatment Panel III criteria. Metabolic syndrome was 
defined as the presence of three or more of the following characteristics: waist 
circumference >88 cm, triglyceride levels ≥1.7 mmol/l, HDL-cholesterol <1.29 mmol/l, 
blood pressure ≥130/85 mmHg, fasting glucose levels ≥5.7mmol/l11.  

Sample size calculation 

Next to the cardiovascular risk assessment, an evaluation of diastolic function by ultrasound 
was carried out in the study population. The sample size calculation was based on data of 
the prevalence of diastolic dysfunction in a randomly recruited European population12. To 
detect the expected difference in prevalence of 10%, with a power of 80% and a two sided 
α of 0.05, we needed 137 women in both groups. Because diastolic dysfunction, and its 
associated signs measured by ultrasound, were never reported long term after 
preeclampsia, an interim analysis was performed when all women with a history of early-
onset preeclampsia were included, at a 2:1 ratio (early-onset preeclampsia vs. healthy 
pregnancy). At interim analysis a significant difference on diastolic function was observed 
between both groups (p value <0.0001). Therefore, the study population was completed. A 
total number of 131 women with a history of early-onset preeclampsia and 56 women with 



a history of a uncomplicated pregnancy participated in the cardiovascular risk assessment 
study (Figure 1). 

Statistical analyses 

Characteristics were reported as means with standard deviations for normal distributed 
numerical data, medians with interquartile ranges for not normal distributed numerical 
data and as percentages for categorical data. Differences were analyzed by unpaired t-test, 
Mann-Whitney U test and Fisher’s exact test when appropriate. In all analyses, a p-value < 
0.05 was considered statistically significant. Data were analyzed using SPSS 22 software 
(Chicago, IL).  

 

Early-onset preeclampsia
n = 246

Informed consent:
n = 134

Risk assessment: 
n = 131

Uncomplicated pregnancy
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and date of delivery
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No show: 
n = 5

Exclusion:
n = 170

Withdrawal n = 26
No correct address n = 15
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Figure 1. Recruitment study population  

 

  



RESULTS  
 
The baseline characteristics at index pregnancy are described in Table 1. Women with a 
history of early-onset preeclampsia were younger at delivery (p=0.046), were more often 
primiparous (p=0.001) and delivered more often by caesarean section (p<0.0001) 
compared to women with an uncomplicated pregnancy history. As expected, the women 
with former early-onset preeclampsia had higher blood pressures during pregnancy 
(p<0.0001). Besides, they had a shorter gestational age (p<0.0001) , children with lower 
birth weight (p<0.0001) and lower placental weight (p<0.0001). Of the women with a 
history of early-onset preeclampsia, 86 (66%) had a severe disease. 
Table 2 presents the characteristics of the participants at risk assessment, 9 to 16 years 
after their index pregnancy. Women with a history of early-onset preeclampsia were 
younger (mean difference 2.5 years, p=0.004) and the time between pregnancy and risk 
assessment was shorter (mean difference 1.1 year, p=0.003). They had more often first 
relatives with hypertensive pregnancy disorders (p=0.03) and stroke (p=0.002) . Having a 
first relative with myocardial infarction was similar in both groups.  
All results from the cardiovascular risk assessment are shown in Table 3. Women with a 
history of early-onset preeclampsia had significantly higher blood pressures, both systolic-, 
diastolic, and mean arterial blood pressure was increased (all p<0.0001). At 
anthropometrics, they had higher BMI (p=0.006), greater waist circumference (p=0.007) 
and had more often an increased waist to hip ratio (p=0.041). Biomarker analyses revealed 
lower levels of HDL (p=0.001) and higher levels of triglyceride, HbA1c and microalbumin in 
urine (p values 0.005, <0.0001 and 0.015 respectively) compared to women with an 
uncomplicated pregnancy history. 

  



Table 1. Baseline characteristics at index pregnancy 

Characteristics  Early-onset 
preeclampsia 
n=131 

Uncomplicated 
pregnancy 
n=56 

 
 

p-value 

Maternal age, years  mean ±SD 30.9 ± 5.0 32.3 ± 4.1 0.046 
Primiparous n (%) 101 (77.1) 29 (51.8) 0.001 

Blood pressure         

SBP at booking a, mmHg  mean ±SD 117 ± 10.2 109 ± 9.9 <0.001 
DBP at booking a, mmHg mean ±SD 72 ± 7.9 65 ± 7.0 <0.001 
Highest SBP, mmHg mean ±SD 182 ± 22.0 123 ± 9.2 <0.001 
Highest DBP, mmHg mean ±SD 115 ± 8.2 75 ± 5.9 <0.001 

Severity b       
Proteinuria ≥ 5 g/24h  n (%) 59 (45.0) -  - 
HELLP syndrome n (%) 43 (32.8) -  - 
Eclampsia n (%) 10 (7.6) -  - 
Pulmonary edema n (%) 6 (4.6) -  - 

Outcome       
Gestational age at delivery, weeks mean ±SD  30.5 ± 2.1 40.0 ± 1.4 <0.001 
Caesarean section  n (%) 119 (90.8) 9 (16.1) <0.001 
Birth weight, grams mean ±SD 1136 ± 362 3571 ± 440 <0.001 
Fetal sex, girls n (%) 77 (58.8) 27 (48.2) 0.201 
Fetal death n (%) 18 (13.7) 0  0.002 
Placental weight, grams mean ±SD  226 ± 81 644 ± 125 <0.001 

SBP, systolic blood pressure. DBP, diastolic blood pressure. IQR, interquartile range. ICU, intensive care unit. a first 
blood pressure measured in pregnancy, all in first trimester. b multiple conditions possible. 

  



Table 2. Characteristics at cardiovascular risk assessment 9-16 years after index pregnancy 

Characteristics  Early-onset 
preeclampsia 
n=131 

Uncomplicated 
pregnancy 
n=56 

 
 
p-value 

Age, years mean ± SD 44.0 ± 5.6 46.5 ± 4.8 0.004 
Time post index pregnancy, 

years 
mean ± SD 13.1 ±2.2 14.2 ±2.3 0.003 

Caucasian n (%) 113 (86.3) 49 (87.5) 1.000 
Current smoking n (%) 23 (17.6) 9 (16.1) 1.000 

Obstetric history       
Preeclampsia in other 

pregnancy 
n (%) 25 (19.1) -  -  

Stillbirth in history n (%) 12 (9.2) 1 (1.8) 0.113 
Family history a        

Hypertensive pregnancy 
disorder 

n (%) 27 (20.6) 4 (7.1) 0.030 

Myocardial infarction n (%) 37 (28.2) 19 (33.9) 0.459 
Stroke n (%) 26 (19.8) 4 (7.1) 0.002 

a Family history: only first relatives mentioned.  

 
 

  



Table 3. Cardiovascular risk assessment 9-16 years after index pregnancy 

Characteristics  Early-onset preeclampsia 
n=131 

Uncomplicated 
pregnancy 
n=56 

 
 
p-value 

Anthropometrics       
SBP, mmHg mean ± SD 126 ± 18.6 115 ± 17.0 <0.001 
DBP, mmHg mean ± SD 82 ± 9.8 74 ± 9.4 <0.001 
MAP, mmHg mean ± SD 96.7 ± 11.8 87.4 ± 11.3 <0.001 
BMI, kg/m2 median [IQR] 25.6 [22.7─28.9] 23.9 [21.2─26.6] 0.006 
BMI > 25 kg/m2 n (%) 71 (54.2) 24 (42.9) 0.201 
Waist circumference, cm median [IQR] 79.0 [75.0─90.0] 77.0 [71.0─82.8] 0.007 
Waist-Hip-ratio >0.80 n (%) 38 (29.0) 8 (14.3) 0.041 

Biomarkers       
Cholesterol, mmol/l  median [IQR] 4.9 [4.2─5.6] 5.2 [4.5─5.8] 0.150 
HDL, mmol/l  median [IQR] 1.53 [1.29─1.91] 1.78 [1.52─2.18] 0.001 
LDL, mmol/l median [IQR] 2.8 [2.3─3.3] 2.9 [2.3─3.4] 0.702 
TC/HDL ratio median [IQR] 2.95 [2.56─3.85] 2.80 [2.34─3.39] 0.054 
Triglycerid, mmol/l  median [IQR] 1.0 [0.7─1.4] 0.8 [0.7─1.1] 0.005 
Glucose, mmol/ml median [IQR] 5.1 [4.9─5.4] 5.1 [4.8─5.3] 0.173 
HbA1c, mmol/mol  median [IQR] 36 [33─38] 33 [32─36] <0.001 
eGFR, mL/min/1.73m2 median [IQR] 90 [82─90] 90 [82─90] 0.805 
NT-proBNP, ng/l  median [IQR] 51 [28─78] 52 [31─86] 0.573 
Microalbumin in urine, 

g/mol creatinin 
median [IQR] 4.4 [3.0─7.8] 3.0 [3.0─3.9] 0.015 

Cardiovascular implication       
Cardiovascular risk factor a n (%) 55 (42.0) 8 (14.3) <0.001 

Hypertension b n (%) 50 (38.2) 8 (14.3) 0.001 
- Use of 

antihypertensive 
medication 

n (%) 23 (17.6) 0  <0.001 

- SBP ≥140 and/or DBP 
≥ 90 mmHg 

n (%) 37 (28.2) 8 (14.3) 0.042 

Metabolic syndrome n (%) 22 (16.8) 1 (1.8) 0.003 
Healthy at risk assessment c n (%) 76 (58.0) 48 (85.7) <0.001 

SBP, systolic blood pressure. DBP, diastolic blood pressure. MAP, mean arterial pressure. BMI, body mass index. 
HDL, high-density lipoprotein. LDL, low-density lipoprotein. TC, total cholesterol. HbA1c, glycated haemoglobin. 
eGFR, estimated glomerular filtration rate. NT-proBNP, n-terminal prohormone of brain natriuretic peptide. IQR, 
interquartile range. a presence of hypertension and/or metabolic syndrome. b Current use of antihypertensive 
medication and/or blood pressure RR ≥140/90 mmHg at risk assessment. c Absence of cardiovascular risk factors. 

 
In total, 42% of the women with former preeclampsia met the criteria for the window of 
opportunity for preventive measures by having hypertension or metabolic syndrome in 
absence of established cardiovascular diseases. This was significantly higher than in women 
with an uncomplicated pregnancy in history, of whom 14.3% met the criteria (p<0.0001).  



Of the women with early-onset preeclampsia in history, 38.2% was diagnosed with 
hypertension. This was specified by use of antihypertensive medication in 17.6% and 
increased blood pressure at risk assessment in 28.2%. Hypertension was diagnosed 
significantly less in women with an uncomplicated pregnancy in history, 14.3% (p=0.001). 
Of them, all were diagnosed with increased blood pressure at risk assessment, none used 
antihypertensive medication. Metabolic syndrome was present in 16.8% of the women 
with a history of early-onset preeclampsia and in 1.8% of the women with a history of 
uncomplicated pregnancy, a significant difference (p=0.003).  

 
COMMENT 
 
Women with a history of early-onset preeclampsia who were in the fifth decade of life, had 
high rates of cardiovascular risk factors while cardiovascular diseases had not been 
developed yet. As a result, the women could still benefit from measures preventing 
cardiovascular disease. We conclude that there is a window of opportunity for preventive 
measures in women in their forties, for those who have a history of early-onset 
preeclampsia (42%).  
We have found that 38.2% of women with early-onset preeclampsia in history had 
hypertension 9-16 years after pregnancy, at an average age of 44 years (SD ± 5.6). Lower 
rates of hypertension were found in studies investigating women with early-onset 
preeclampsia in the first year after pregnancy, 22-25%13,14. Nine years after pregnancy, at a 
mean age of 39 years (SD ± 4.9), Drost et al. found a prevalence of hypertension of 43.1% 
what was comparable to our study15. The prevalence of hypertension in the general Dutch 
female population between 40-49 years old is 15%, similar to the observed prevalence in 
our participants with a history of an uncomplicated pregnancy16. The hypertension rate in 
our participants with a history of early-onset preeclampsia, was comparable with that of 
Dutch females between 50-59 years old (32%)16. So, women with early-onset preeclampsia 
seemed to have a cardiovascular state of women ten years older. This finding is in line with 
the study of Heida et al. who found that the mean age of onset of chronic hypertension 
after a hypertensive pregnancy disorder was 43.5 years compared to 51.2 years after a 
normotensive pregnancy17. 
Guidelines concerning cardiovascular health in women mention the increased 
cardiovascular risk after hypertensive pregnancy disorders, but well-founded 
recommendations for when to start screening, interval and prevention are lacking18-20. Our 
results suggest that a cardiovascular risk assessment as preventive measure might be 
opportune in the fifth decade of life.  
Van Rijn et al. and Drost et al. investigated women 9 months and 10 years after early-onset 
preeclampsia13,15. In both studies, in different phases of life, the observed prevalence of 



metabolic syndrome was similar to our observation (15.2%, 18% and 16.8% respectively). In 
contrast to our study, Hermes et al. investigated women with term preeclampsia (>36 
weeks of gestation) along with term gestational hypertension and compared with healthy 
pregnancies, 2.5 years postpartum21. They found a prevalence of 25%, what was higher 
than in our population. These findings might suggest that metabolic syndrome is increased 
in women with a history of hypertensive pregnancy disorder, irrespective of the severity of 
the condition. This is also stated by Veerbeek et al. who found similar prevalence rates of 
metabolic syndrome in early-onset preeclampsia, late-onset preeclampsia and pregnancy 
induced hypertension, 0.5 -2.5 years postpartum22. 
We performed an extensive risk assessment in a large cohort of whom we had all 
obstetrical data. The major strength of our study was that we examined women with a 
history of early-onset preeclampsia in their forties, so in the fifth decade of life. However, 
our study has some limitations. It should be remarked that measuring blood pressure twice 
in one visit might have overstate the rate of hypertension, compared to measuring blood 
pressure at two or more visits23. Though, the procedure was similar for participants with 
preeclampsia and uncomplicated pregnancy in history. This procedure was also similar to 
the one used in studies to which we compared our data13-15. For that reason we believe 
that the pragmatically chosen procedure two measures in one visit did not affect the results 
considerably. The response rates in both groups was low, 53% in the early-onset 
preeclampsia group and 26% in the uncomplicated pregnancy group. This was mainly the 
result of that we could not locate the potential participants; many addresses were 
outdated 9-16 years after pregnancy. In total, 43 women in the early-onset preeclampsia 
group and 26 women in the uncomplicated pregnancy group actually declined 
participation. It might be conceivable that from all women with a history of early-onset 
preeclampsia, the women with most severe disease in pregnancy were more willing to 
participate. Since earlier time of onset of preeclampsia is associated with higher 
cardiovascular risk, this might induce some selection bias which can overstate the 
difference we have found. 
Furthermore, women who had a reason to be examined or reassured on their 
cardiovascular state, for example positive family history of myocardial infarction, high BMI 
or smoking, would be more willing to participate in a cardiovascular risk assessment study. 
Because this applied to all participants, the difference found between both groups would 
not have been remarkably affected. In addition, age differed significantly between both 
groups. Women with an uncomplicated pregnancy history were on average 2.5 years older. 
We could not explain why relatively older women were more willing to participate. Since 
advanced age is associated with increased risk of cardiovascular disease this could result in 
an underestimation of the difference of risk factors between both groups. However it 
should be noted that the absolute difference in age might not be clinically relevant.  



Several prediction models exist to calculate the long-term risk to develop cardiovascular 
disease, but none of these models were validated for women with a history of 
preeclampsia. The use of the standard prediction models in these women might not be 
appropriate. Therefore, future research should focus on moderation and validation of these 
models prior to use in women with a history of preeclampsia.  
To determine if preventive measures can indeed reduce the development of cardiovascular 
disease in this specific patient group, more research is necessary. For example, reduction of 
blood pressure is proven to be beneficial to reduce cardiovascular events in all ages in the 
general population, but these interventions are not examined specifically in women with a 
history of preeclampsia24. Lifestyle interventions (diet, exercise, smoking cessation, alcohol 
intake reduction) have been studied in the general population and in postpartum women, 
but not in women with a history of preeclampsia. Current focus of lifestyle intervention 
studies in postpartum women was on the first year postpartum25. However, long-term 
effects studies should also focus on women in the fourth and fifth decade of life, when first 
signs of cardiovascular disease are expected to occur.  
In conclusion, women who experienced early-onset preeclampsia are still in the window of 
opportunity for preventive measures in the fifth decade of their life. These women have 
important modifiable risk factors for cardiovascular diseases but are currently outside the 
scope of most preventive programs due to their relatively young age.  
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ABSTRACT 
 
Evidence accumulates for associations between hypertensive pregnancy disorders 
and increased cardiovascular risk later. The main goal of this study was to explore 
shared biomarkers representing common pathogenic pathways between heart 
failure with preserved ejection fraction (HFpEF) and pre-eclampsia where these 
biomarkers might be potentially eligible for cardiovascular risk stratification in 
women after hypertensive pregnancy disorders. We sought for blood markers in 
women with diastolic dysfunction in a first literature search, and through a second 
search, we investigated whether these same biochemical markers were present in 
pre-eclampsia. This systematic review and meta-analysis presents two subsequent 
systematic searches in PubMed and EMBASE. Search I yielded 3014 studies on  
biomarkers discriminating women with HFpEF from female controls, of which 13 
studies on 11 biochemical markers were included. Cases had HFpEF, and controls 
had no heart failure. The second search was for studies discriminating women with 
pre-eclampsia from women with non-hypertensive pregnancies with at least one of 
the biomarkers found in Search I. Search II yielded 1869 studies, of which 51 studies 
on seven biomarkers were included in meta-analyses and 79 studies on 12 
biomarkers in systematic review. Eleven biological markers differentiated women 
with diastolic dysfunction from controls, of which the following 10 markers 
differentiated women with pre-eclampsia from controls as well: C-reactive protein, 
HDL, insulin, fatty acid-binding protein 4, brain natriuretic peptide, N terminal pro 
brain natriuretic peptide, adrenomedullin, mid-region pro adrenomedullin, cardiac 
troponin I, and cancer antigen 125.Our study supports the hypothesis that HFpEF in 
women shares a common pathogenic background with pre-eclampsia. The 
biomarkers representing inflammatory state, disturbances in myocardial 
function/structure, and unfavourable lipid metabolism may possibly be eligible for 
future prognostic tools. 

  



INTRODUCTION 
 
Cardiovascular disease (CVD) is the main cause of mortality in the Western world, 
and its prevalence worldwide is growing. The diagnosis of CVD is often delayed in 
women due to differences in clinical presentation and underlying pathophysiology 
compared to the male standard.1–4 From post-menopausal age on, more women 
than men suffer from CVD.4,5 Heart failure with preserved ejection fraction (HFpEF) is 
a common female manifestation of CVD at advanced age and forms a significant and 
growing public health burden. Diagnosis of HFpEF is challenging because of its long 
asymptomatic course.6–8 Recent literature suggests biomarkers of inflammation, 
myocyte stress, and extracellular remodelling as possible screening instruments 
specifically for HFpEF.9,10 Early identification and treatment of women in high-risk 
groups could prevent this debilitating disease later in life.  
Women with a history of a hypertensive pregnancy disorder, including pre-
eclampsia, have an elevated cardiovascular risk.11–13 In recent decades, pregnancy 
has been hypothesized as a cardiovascular stress test revealing elevated 
susceptibility for CVD at a relatively young age.13 During pre-eclampsia, the clinical 
threshold for CVD is exceeded, and the biomarker profile in pre-eclamptic 
pregnancies may thus be an early reflection of the biochemical imbalance in CVD at 
advanced age. In consistency with this theory, recent literature has shown an 
increase of established CVD biomarkers in women during and after pre-eclampsia.14–

16 The incidence of HFpEF is higher in women than in men; therefore, we attend to 
the possibility of a shared pathogenic background with pre-eclampsia.  
It has been hypothesized that women with hypertensive pregnancy disorders would 
be eligible for CVD preventive healthcare programmes. Currently, evidence is lacking 
on how to accurately map these women’s cardiovascular status, and little is known 
about the common pathogenic mechanisms in pre-eclampsia and CVD.12 Broader 
knowledge on the shared pathogenic pathways may provide biochemical markers 
with high sensitivity and  specificity for the detection of (subclinical) CVD, and in 
particular HFpEF, in affected high-risk women.  
The aim of this systematic literature review and meta-analysis was therefore to 
explore what is currently known in literature about shared biomarkers identifying 
both women with early signs of HFpEF and women with preeclampsia to unravel a 
shared pathogenic background and reveal biomarkers with possible future potential 
for HFpEF screening after pre-eclampsia. 

 



METHODS 
 
So as to find corresponding biomarkers for diastolic heart failure (DHF) in women 
and pre-eclampsia, two subsequent, closely linked searches were performed 
according to Preferred Reporting Items for Systematic Reviews and Meta-Analyses 
guidelines. Complete search queries are presented in the Supporting Information. 

Search I: diastolic heart failure 

Definitions 

Definition of HFpEF was described in the guidelines of the European Society of 
Cardiology.17 Briefly, two characteristics had to be apparent at echocardiography: 
firstly, evidence of left ventricular diastolic dysfunction; tissue Doppler E/E’ >15 or 
15> E/E’ >8 and confirmation by blood flow  Doppler or mitral valve/pulmonary 
veins, echo measures of left ventricular mass index/left atrial volume index, or 
electrocardiographically confirmed atrial fibrillation. Secondly, left ventricle systolic 
dysfunction had to be normal/mildly abnormal with left ventricular ejection fraction 
>50% and left ventricular end-diastolic volume index <97 mL/m2. 

Search strategy 

A search in PubMed and EMBASE was performed from inception on 13 July 2015 
that consisted of the following terms and a wide variety of their synonyms: DHF or 
preserved ejection fraction and biomarker. 

Study selection 

Eligible for inclusion in Search I were case-control and cohort studies comparing 
biomarker levels in women with DHF vs. women without heart failure or studies 
correlating biomarker levels with diastolic function through regression analysis. 
Studies were included if performed exclusively in women or if data were completely 
stratified by gender. Studies investigating patient groups with structural heart 
diseases or comorbidities unrelated to metabolic syndrome or heart failure were 
excluded. 
Included studies were processed by a scoring form developed by three reviewers (L. 
A., A. B., and C. d. G.). Data extraction and scoring per article for disease definition, 
study design, patient and control group characteristics, biomarkers, blood sample 
collection and analysis was performed by L. A. and verified by A. B. The same 
reviewers independently scored bias risk and applicability concern for each included 



study according to the QUADAS-2 quality assessment tool for primary diagnostic 
accuracy studies.18 Any fundamental inconsistencies were discussed with C. d. G. 

Outcomes of interest 

Primary outcomes were biomarkers in blood separating women with HFpEF from 
women without heart failure. The result of Search I, a list of biomarkers significantly 
different (P < 0.05) in HFpEF vs. controls, was taken along to Search II where primary 
outcomes were biomarkers in preeclampsia. 

Search II: pre-eclampsia 

Definitions 

Pre-eclampsia was defined according to International Society for the Study of 
Hypertension in pregnancy criteria as de novo hypertension of ≥140/90 mm Hg in 
combination with proteinuria >0.3 g/24 h after 20 weeks gestational age.19 To 
prevent unnecessary exclusion of older studies, preeclampsia could also be defined 
as a rise of systolic blood pressure >30 mm Hg or diastolic blood pressure >15 mm 
Hg with proteinuria in women with no history of chronic hypertension.20 Early-onset, 
or severe, pre-eclampsia was defined as delivery before 34 weeks of gestation or 
blood pressure  ≥160/110 mm Hg or proteinuria >5 g/24 h. Late-onset, or mild, pre-
eclampsia implied giving birth from 37th week of gestation. 

Search strategy 

We performed a search in PubMed and EMBASE from inception on 1 September 
2015. The search strategy contained two components: (1) biomarkers for HFpEF in 
women from Searches I and II) pre-eclampsia. So as to fully explore the pathway of 
mid-region pro ADM (MRproADM), studies on its fully modulated version 
adrenomedullin (ADM) were also included in this review, leaving a total of 12 
markers for Search II. Thus, the following terms with their synonyms and 
abbreviations were used: troponin I or brain natriuretic peptide (BNP) or N-terminal 
pro-BNP (NTproBNP) or highdensity lipoprotein (HDL) or cancer antigen 125 (CA-
125) or carcino-embryonic antigen (CEA) or C-reactive protein or ADM or 
MRproADM or fatty acid-binding protein 4 (FABP4) or insulin or glucose and pre-
eclampsia. 

Study selection 

Case-control and cohort studies comparing pre-eclamptic with non-hypertensive 
pregnancies were eligible for inclusion in Search II. Biomarker levels had to be 
measured during pregnancy, and it had to be ≥1 of the biomarkers from Search I. To 



gain only data on pre-eclampsia, the studies that did not separate pregnancy-
induced hypertension (without proteinuria) from pre-eclampsia and studies failing to 
exclude women with chronic hypertension were not incorporated in this review. 
Studies presenting their data in the right measurement unit and using mean with 
standard deviation/standard error to describe biomarker levels were eligible for 
meta-analysis. Data extraction and determination of study characteristics, bias, and 
applicability was performed as in Search I.  

Outcomes of interest 

Primary outcomes were biomarkers differentiating preeclamptic from non-
hypertensive pregnancies. Where possible, we performed subgroup analyses for 
biomarker levels in ‘early-onset/severe’, ‘late-onset/mild’ pre-eclampsia and in 
different pregnancy trimesters (most subgroup analyses are presented in the 
Supporting Information). 

Data synthesis 

Review Manager 5.3 (Cochrane Collaboration, Oxford, UK) was used for meta-
analyses. All data were continuous, and only raw numbers were used from the 
studies. Biomarkers’ measurement units were converted according to the 
International System of Units (SI). A standardized mean difference was chosen for 
inconvertible measurement units. Weighting of studies was carried out by inverse 
variance so that larger studies would be given more weight than smaller ones and all 
analyses were performed with a randomized effect model because heterogeneity 
was to be expected. Heterogeneity was determined by I2. GraphPad Prism 6 
(GraphPad Software, San Diego California, USA) was used to visualize data and 
compare the group of means plus medians together through unpaired t-test or one-
way ANOVA. Confidence intervals throughout this whole review were set at 95%, 
and for all effect estimates, statistical significance level was P < 0.05. 

  



RESULTS 

Literature identification and study quality 

The process of study inclusion and exclusion in systematic review and meta-analysis 
is depicted in Figure 1.  

Search I  

Thirteen studies on biomarkers in HFpEF in women were included for systematic 
review, and we had insufficient results for meta-analysis. The included studies 
described 11 HFpEF markers in total: BNP NTproBNP, cardiac troponin I (c-Tn1), 
MRproADM, c-reactive protein, HDL, insulin, plasma glucose, FABP4, CA-125, and 
CEA. For reasons mentioned earlier, we added ADM, leaving 12 biomarkers for 
Search II. 

Search II  

The search for biomarkers in HFpEF (Search I) and pre-eclampsia yielded 79 studies 
for systematic review of which 51 (on BNP, ADM, C-reactive protein, HDL, insulin, 
plasma glucose, and CA-125) were applicable for meta-analyses. We present most 
subgroup analyses on biomarkers in ‘early onset/severe’ or ‘late onset/mild’ in the 
Supporting Information. 

Study characteristics 

Characteristics of all included studies are presented in the Supporting Information, 
Tables S1 (DHF) and S2 (PE). Included studies were published between 1996 and 
2015. With the QUADAS-2 score for study quality and applicability, 8.6% of all 
included studies got assigned a high and 28.6% an unclear bias risk. Furthermore, 
applicability concern was high in 28.5% and unclear in 33.5%. QUADAS-2 subsections 
are further visualized in the Supporting Information Figure S2 in Data in Brief.  

 



 
 
Figure 1. Study selection process Searches I and II.  
CHT, chronic hypertension; HFpEF, heart failure with preserved ejection fraction; PE, pre-eclampsia; PIH, pregnancy-induced hypertension. 



Cardiovascular risk markers in pre-eclampsia 

C-reactive protein 

Thirty-two studies in total reported on C-reactive protein levels,21–52 of which 17 
were applicable for meta-analysis.21–23,29–34,37–39,41,42,47,49,50 A significantly higher C-
reactive protein was found in women with preeclampsia than in non-hypertensive 
controls (Figure 2), and this correlation was stronger in severe than in mild 
preeclampsia (Figure 3). 

High-density lipoprotein 

Twenty-seven studies reported on HDL levels,32,37,41,44,53–74 of which 24 studies could 
be included in a meta-analysis. 32,37,41,53–72 HDL level was lower in pre-eclampsia than 
in controls (mean difference 6.29 mmol/L; 95%CI 9.742.85; P = 0.0003) with the 
strongest effect in subgroup analysis for severe pre-eclampsia vs. controls (Figure 4). 

Insulin, plasma glucose, and fatty acid-binding protein 4 

Five studies reported on insulin levels.37,45,55,62,75 Three met the requirements for a 
meta-analysis,37,55,75 revealing higher insulin levels in pre-eclampsia than in controls 
with mean difference 1.31 μU/mL; 95%CI 0.93–1.70; P < 0.00001. Two studies 
reporting in median (IQR) revealed similar slightly elevated insulin levels in pre-
eclampsia.45,62 
Six studies reported on plasma glucose levels, 32,45,62,65,75,76 of which five were 
applicable for meta-analysis with 115 pre-eclampsia cases vs. 329 controls.32,62,65,75,76 
Overall, a non-significantly elevated glucose level was seen in pre-eclampsia vs. 
controls.  
One study reported on FABP4 levels in pre-eclampsia compared with controls and 
found statistically higher FABP4 levels in pre-eclampsia vs. non-hypertensive 
pregnancy.77  
  



 

 
Figure 2. C-reactive protein, pre-eclampsia vs. controls. 
 

  



 
Figure 3. C-reactive protein, mild vs. severe pre-eclampsia. 
 
 

 
Figure 4. High-density lipoprotein, severe pre-eclampsia vs. controls. 

  



Myocardial failure markers in pre-eclampsia 

Brain natriuretic peptide and N-terminal pro-BNP 

Seven studies reported on BNP levels,78–84 of which three were applicable for a meta-
analysis (Figure 5).78–80 In all seven studies and in meta-analysis, BNP levels were 
significantly higher in pre-eclampsia than in controls. Subgroup analyses revealed 
higher BNP levels for severe pre-eclampsia vs. control as well as severe vs. mild 
preeclampsia, P-values 0.0023 and 0.0391, respectively.  
Three studies reporting on NTproBNP described elevated levels in pre-eclampsia vs. 
controls with P = 0.0103 (Figure 6),85–87 with insufficient studies for meta-analyses. 

Adrenomedullin, mid-region pro ADM, and cardiac troponin I 

Seven studies reported on ADM levels,88–94 of which five met the requirements for 
meta-analysis.88–91,94 However, because these worked with inconvertible 
measurement units, two separate meta-analyses with inconsistent results were 
carried out. The first showed lower ADM in pre-eclampsia; mean difference 5.60 
pmol/L; 95%CI 14.76–3.55; P = 0.23.88,91,94 The second meta-analysis showed higher 
ADM in pre-eclampsia; mean difference 41.44 pg/mL; 95%CI 12.58–70.31; P = 
0.005.89,90 The two studies inapplicable for meta-analysis showed higher levels of 
ADM in pre-eclampsia vs. control.92,93 

Two studies on MRproADM described significantly higher levels in pre-eclampsia vs. 
controls.95,96  
Two studies on c-Tn1 described elevated levels in preeclampsia compared with 
controls,97,98 of which only one with statistically significant result.97 
 
 
 
 



 
Figure 5. Brain-natriuretic peptide, pre-eclampsia vs. controls. 

 

 
Figure 6. N-terminal pro-brain natriuretic peptide, pre-eclampsia vs. controls. 



 

Tumour angiogenesis markers in pre-eclampsia 

Cancer antigen 125 and carcino-embryonic antigen 

Three studies reported on CA-125 levels in pre-eclampsia vs. controls,26,99,100 of 
which two studies described significantly lower CA-125 levels in PE 99,26 and one did 
not show significantly different CA-125 levels between pre-eclampsia and 
controls.100  
No studies exploring the CEA levels in pre-eclamptic vs. non-hypertensive 
pregnancies were found in our systematic literature search. 

 
DISCUSSION 

Main findings 

This systematic review and meta-analysis presents 10 biomarkers that both 
discriminate women with HFpEF from controls and discriminate women with pre-
eclampsia from healthy pregnant women (C-reactive protein, HDL, insulin, FABP4, 
BNP, NTproBNP, ADM, MRproADM, c-Tn1, and CA-125) and thereby gives insight 
into a possibly common pathophysiology. We found a shared range of biomarkers 
which support the hypothesis that cardiovascular decompensation during a 
challenging phase such as pregnancy might be considered an early reflection of a 
metabolically and biochemically predisposed system for CVD. These markers may 
inspire future research on HFpEF screening programs after pre-eclampsia, and 
inflammatory markers may therein play a particularly important role. 

Strengths and limitations 

One of the strongest points of this review is that we analysed only the data on 
women. In recent decades has become clear how men and women differ in many 
manifestations of CVD including clinical picture, age of onset and diagnostic 
possibilities.1,3,5 Because this is a relatively recent insight, we currently lack female-
only data in for example cardiovascular risk management. 
This broad literature search had a unique design transcending medical specialties: 
we composed a biomarker profile for women with HFpEF from all current literature 
and subsequently tested the existence of these same markers in women with pre-
eclampsia; to our knowledge, this was the first systematic review in such direction. 
Furthermore, search and selection criteria, data extraction forms, and applicability 
scoring methods were developed by multiple investigators after careful 
consideration. 



 

Selection bias was avoided as much as possible. Firstly, Search I had a wide design 
with no specific biomarkers in the search string. This allowed all possible biomarkers 
on HFpEF in literature to be selected for the review. Secondly, all studies from the 
DHF search that met the criteria ‘DHF’ and ‘biomarker’ were screened full text to see 
whether data for women were separately displayed. Thus, even if the authors’ main 
focus was not on female biomarkers for DHF, as long as they displayed the data 
separately, the article could still be included in our review. Unfortunately, many 
HFpEF studies failed to present female data separately and had to be excluded after 
full text exploration. It is thus important for future studies on CVD to report by 
gender.  
This review had some limitations regarding the characteristics of included studies. 
For instance, studies presenting data in median (IQR) were not compatible for meta-
analysis. Moreover, not all studies could be taken into the same (meta-)analyses 
because of heterogeneity regarding measurement units, stratification methods, and 
ways of data presentation. Primary study outcomes especially varied greatly 
between DHF studies, which stood in the way of performing a meta-analysis on the 
biomarker levels in DHF. If meta-analyses were applicable, they were often 
characterized by high heterogeneity. This might be partly explained by a 
methodological limitation because we included studies with older, and thus slightly 
different, definitions of pre-eclampsia. Another partial explanation for 
heterogeneity, which is hard to get a grip on, is the fact that most studies failed to 
report on pre-eclampsia disease status on moment of blood sampling. Lastly, some 
studies gave insufficient information on study design including inter-/intra assay 
variance, fasting state of the participants, maternal age, and gestational age at 
delivery. 
There were also limitations regarding the design of current review. Firstly, this 
review only focused on biomarkers analysed during pregnancy to extrapolate 
markers that embody an evidently unbalanced cardiovascular system. Our study 
design was unable to determine whether (shortly) after hypertensive pregnancy the 
cardiovascular system returns to normal state or whether the biomarker levels 
remain elevated. Secondly, we focused on preeclampsia and not on pregnancy-
induced hypertension without proteinuria, which is thought to be a different disease 
entity and might therefore yield a different view on cardiovascular risk prediction 
after hypertensive pregnancy. Thirdly, the markers we investigated are specific for 
HFpEF in women, which only partly cover one CVD. Despite the fact that HFpEF is 
one of the main CVD entities in women and it has a long subclinical course, it would 
be interesting to investigate whether other typical female CVDs, such as 
cerebrovascular accident, thrombo-embolism, and myocardial infarction at advanced 
age, are linked to pre-eclampsia through the same pathophysiological pathways as 



 

we found. Finally, this review does not cover women who have such serious 
cardiovascular malfunction that they fail to become pregnant in the first place and 
thus, by their nature, never develop pre-eclampsia. 

Implications and future research  

Current systematic review and meta-analysis presents representative biomarkers 
from several pathophysiological pathways in HFpEF as well as pre-eclampsia. This 
information might in future be implemented in prediction of cardiovascular risk in 
women with a history of pre-eclampsia through pathway activity screenings.  
C-reactive protein appeared the biomarker best able to discriminate between all pre-
eclampsia vs. controls, sampling trimesters, and pre-eclampsia severity subgroups. 
These findings accentuate the role inflammation plays in both female HFpEF and pre-
eclampsia and suggest the possible use of C-reactive protein in cardiovascular risk 
screening in pregnancies complicated by hypertension. The inflammatory 
component of HFpEF has been mentioned previously,10,101 with for example IL-6, 
TNF-α, interleukin receptors, and pentraxin 3 as potential HFpEF biomarkers.10,102–105 
To our knowledge, gender-specific data on this topic are currently lacking; thus with 
our women-only designed search, we probably overlooked a number of studies on 
inflammatory markers in HFpEF.  
Brain natriuretic peptide and NTproBNP measurements have already been 
implemented in diagnostic criteria for HFpEF.17 We found BNP and NTproBNP to be 
elevated in pre-eclampsia, which suggests a possible role for these biomarkers in 
screening for HFpEF specifically after PE. The absolute difference in BNP levels for 
pre-eclampsia vs. controls is smaller than for HFpEF vs. controls, suggesting a more 
subtle role for BNP in pre-eclampsia than in HFpEF. Nevertheless, elevated BNP and 
NTproBNP levels in pre-eclampsia indicate similar cardiac overstretching in pre-
eclampsia as in DHF. In broader perspective, BNP levels in heart failure with reduced 
ejection fraction (HFrEF) usually exceed levels in HFpEF;111,112 thus, BNP elevation in 
pre-eclampsia suggests that the disease gives higher risk to systolic heart failure or a 
mixed heart failure image. Elevated c-Tn1 levels in pre-eclampsia are directly 
suggestive of cardiomyocyte damage, whereas elevated ADM, MRproADM, BNP, and 
NTproBNP levels in preeclampsia suggest a compensatory mode in hypertensive 
pregnancy to protect the cardiovascular system from any further damage.  
Despite the fact that only one study reported on higher FABP4 in pre-eclampsia, it 
might still be an interesting biomarker for HFpEF after PE, because recent literature 
describes this adipocyte fatty acid transporter as a key player between metabolic 
syndrome, inflammation, atherosclerosis, and CVD.106  
Cancer antigen 125, a serosal glycoprotein antigen inter alia found on female 
reproductive tract epithelia, is a marker used for detection and clinical follow-up of 



 

several malignant and non-malignant serosal pathologies.107,108 In two separate 
articles, it has been suggested that it may also function as a marker in both our 
entities of interest: pre-eclampsia99 and heart failure, 109 our results support this 
view. The pathophysiology for CA-125 elevation in both pre-eclampsia and heart 
failure is difficult to address because a great variety of cell types produces CA-125.110 
The low specificity of CA-125 calls out for further research on the source of secretion 
in pre-eclampsia and heart failure before possible implementation in screening.  
From this review, we can interpret that  screening for HFpEF in women with a history 
of pre-eclampsia would have to include multiple biomarkers representing a variety of 
pathogenic pathways: firstly, because biomarker levels sometimes overlapped 
between cases and controls; and secondly, because numerous pathophysiological 
processes appeared to play part in both disease entities. So as to facilitate future 
screening within the shared pathogenic pathways between pre-eclampsia and 
HFpEF, longitudinal research is necessary to learn more about the course of 
representative biomarker levels over time and in relation to the developing clinical 
status before implementation into clinical practice would be possible. 

 

CONCLUSIONS 
 
Ten of the biomarkers differentiating women’s HFpEF from controls, differentiated 
between pre-eclampsia and controls as well: C-reactive protein, HDL, insulin, FABP4, 
BNP, NTproBNP, ADM, MRproADM, c-Tn1, and CA-125. Our data suggest that there 
is a shared biomarker profile in HFpEF and pre-eclampsia and support the hypothesis 
that these disease entities share an intrinsic, vulnerable cardiovascular system with 
properties of metabolic syndrome and an elevated inflammatory state. Preeclampsia 
might be considered an early signal of underlying CVD. With this review and meta-
analysis, we present biomarkers with potential for future implementation in 
cardiovascular risk screening in women at risk after pre-eclampsia. 
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ABSTRACT 

Background 

Systemic inflammation, endothelial dysfunction and deficient vascularization of either 
uterus or myocardium are mechanistic hallmarks of early-onset preeclampsia and heart 
failure with preserved ejection fraction (HFpEF). HFpEF is especially prevalent in elderly 
women and preceded in middle age by preclinical left ventricular (LV) diastolic dysfunction. 
To detect if preeclampsia predisposes to HFpEF at later age, echocardiographic indices of 
LV function and of LV structure and biomarkers of systemic inflammation and of endothelial 
dysfunction were compared in middle-aged women with a history of early-onset 
preeclampsia or uncomplicated pregnancy. 

Methods and Findings  

Middle-aged women with a history of early-onset preeclampsia (n=131) or uncomplicated 
pregnancy (n=56) were prospectively recruited 9 to 16 years after pregnancy. Women with 
a history of preeclampsia had higher body mass index (p=0.006), blood pressure (p<0.001) 
and plasma levels of interleukin-6 (p=0.005) and soluble intercellular adhesion molecule-1 
(sICAM-1) (p=0.014). They had thicker septal (p=0.001) and posterior (p=0.003) LV walls 
and worse diastolic LV function evident from reduced mean mitral annular lengthening 
velocity (E’mean; p=0.007) and higher ratio of early diastolic mitral flow velocity (E) over 
E’mean (E/E’mean; p<0.001). Differences of sICAM-1, E’mean and E/E’mean remained 
significant after accounting for BMI and blood pressure. 

Conclusions 

History of preeclampsia predisposes in middle age to worse LV diastolic function, which 
could increase the likelihood of later HFpEF development. This predisposition derives not 
only from persistent cardiovascular risk but may also be cause by persistent endothelial 
dysfunction hindering adequate vascularization in the uterus during pregnancy and in the 
myocardium in middle age. 

  



 

INTRODUCTION 
 
Early-onset preeclampsia is currently attributed to generalized maternal endothelial 
dysfunction mainly evident from arterial hypertension and proteinuria, which are 
respectively induced by disturbed vascular reactivity and glomerular leakage1. Maternal 
endothelial dysfunction is presumed to result from placental release of antiangiogenic 
factors like sFlt-1, which counteract proangiogenic factors like PIGF in transforming small 
caliber uterine spiral vessels into large caliber capacitance vessels necessary to maintain 
normal placental function2. In accordance with this deranged equilibrium between 
antiangiogenic and proangiogenic factors, relative concentrations of sFlt-1 and PIGF were 
recently suggested to predict evolving preeclampsia3. Upstream to the placental release of 
antiangiogenic factors are among others maternal systemic inflammation evident from 
placental infiltration with macrophages and maternal oxidative stress evident from raised 
plasma levels of oxidative stress biomarkers4,5.  
Preeclampsia also portends prevalence of cardiovascular risk and diseases later in life6-8. 
The latter was obvious from a recent meta-analysis involving 258 000 women with 
preeclampsia and identifying a 4-fold increase in incident heart failure and a 2-fold increase 
in incident coronary artery disease7. Higher incidence of heart failure than coronary 
disease, suggests an important contribution of heart failure with preserved ejection 
fraction (HFpEF) to the incident heart failure. HFpEF is especially prevalent in women 
without coronary artery disease, features normal overall systolic left ventricular (LV) 
function but abnormal diastolic LV function and is preceded in middle age by preclinical LV 
diastolic dysfunction9,10. An emerging paradigm for HFpEF suggests HFpEF to be driven by a 
signalling cascade sharing many features with preeclampsia as it involves metabolic risk, 
systemic inflammation, endothelial dysfunction, oxidative stress and myocardial infiltration 
by macrophages11-13. The mechanistic similarity between HFpEF and preeclampsia is 
supported by plasma biomarker profiles which resemble one another in both conditions14 
and the persistence after pregnancy of endothelial dysfunction in women with a history of 
preeclampsia15.  
HFpEF is preceded in middle age by preclinical LV diastolic dysfunction9,10,16. Several 
echocardiographic studies also reported on preclinical LV dysfunction in patients with early-
onset preeclampsia. During pregnancy, patients with early-onset preeclampsia had higher 
LV mass, larger LV volumes and lower LV ejection fraction (LVEF) than normotensive 
pregnant and non-pregnant women17. These findings were subsequently implemented with 
evidence of diastolic LV dysfunction18-20 and worse myocardial strain on speckle tracking 
echocardiograms21. Findings during pregnancy were more severe in early onset 
preeclampsia than in term preeclampsia22 and paralleled by increases in plasma natriuretic 
peptide levels17,18,23. Postpartum persistence of these abnormalities as preclinical LV 
dysfunction or LV hypertrophy remains unclear. In a small cohort of 14 women reassessed 



 

after 13 to 18 years, systolic LV function remained depressed but diastolic LV function was 
normalized24. A similar depression of systolic LV function was observed two years 
postpartum in two cohorts consisting respectively of 64 and 30 patients25,26 and four to ten 
years postpartum in a cohort comprising 107 patients27. The latter study also observed a 
high prevalence (67%) of persistent concentric LV remodelling. A recent study however 
failed to observe remaining alterations of systolic LV function, diastolic LV function or LV 
wall thickness in a small cohort of 15 patients 11 years after pregnancy28. The discrepant 
outcome of these studies relates to the limited time span of follow-up, the small size of the 
cohorts and correction for confounding cardiovascular risk factors. 
Because of epidemiological and mechanistic links between preeclampsia and HFpEF and 
the uncertainty of the long-term persistence of the acute effects of preeclampsia on LV 
remodelling, the present study compared clinical characteristics, echocardiographic systolic 
and diastolic LV function and biomarker profiles in women with a history of early-onset 
preeclampsia and uncomplicated pregnancy. In contrast to previous studies, a large cohort 
of early-onset preeclampsia patients (n=131) was investigated 9 to 16 years after their 
index pregnancy, in the fifth decade of life when preclinical diastolic LV dysfunction is 
known to become manifest16. Furthermore, at the time of reassessment echocardiographic 
findings and biomarker profiles were adjusted for confounding cardiovascular risk factors. 

 
METHODS 

Study population 

The study population was previously described8. From two tertiary medical centres in the 
Netherlands, all medical records from 1998 to 2005 of women with early-onset 
preeclampsia were screened consecutively and all eligible women were invited. 
Participating women with a history of early-onset preeclampsia were matched with women 
with a history of an uncomplicated pregnancy for maternal age (range ± 5 years) and date 
of delivery (range ± 1 year). Women with early-onset preeclampsia delivered before 34 
weeks gestation, had blood pressure ≥140/90 mmHg and proteinuria ≥300 mg/24h in 
accordance to the criteria used at the time of preeclampsia diagnosis29. Women with an 
uncomplicated pregnancy delivered at term (≥37 weeks gestation), after a normotensive 
pregnancy, without intrauterine growth restriction of the neonate. For both women with a 
history of early-onset preeclampsia and uncomplicated pregnancy, exclusion criteria were: 
hypertension before index pregnancy or in first trimester; use of antihypertensive 
medication before index pregnancy; diabetes mellitus or gestational diabetes in index 
pregnancy; cardiovascular diseases and use of cardiovascular medication before index 
pregnancy; multiple pregnancy; fetal congenital abnormalities in index pregnancy; pregnant 



 

during risk assessment or within six months before risk assessment; breastfeeding during 
risk assessment. 
All participants gave written informed consent and were screened in the VU University 
Medical Center. Data were collected between 2014 and 2016. Approval for the study was 
obtained from the medical ethics committee of the VU University Medical Center in 
Amsterdam and from the hospital board of the Academic Medical Center Amsterdam 
(protocol approval: NL38972.029.12; Dutch trial registration: NTR5297).  

Patient characteristics 

Assessment of patient characteristics was previously described8 and consisted of a 
questionnaire addressing personal and family medical history, educational level, blood 
pressure measurement and anthropometrics. Hypertension was defined as either current 
use of antihypertensive medication and/or blood pressure ≥140/90 mmHg measured at risk 
assessment30. Metabolic syndrome was diagnosed according to the Adult Treatment Panel 
III criteria31. Educational level was subdivided in low (primary school, lower vocational 
training, pre-vocational secondary education), intermediate (secondary vocational 
education, senior general secondary education, pre university education,) and high (higher 
professional education, university education). 

Echocardiography  

Cardiac function was assessed by transthoracic ultrasound using a Philips X5-1 transducer 
on a Philips IE-33 cardiac ultrasound system. Both sonographer and attending cardiologist 
were blinded for pregnancy history at the time of the echocardiographic examination. 
Septal wall thickness, posterior wall thickness and LV mass were measured with M-mode 
on parasternal long axis views and LV mass was indexed by body surface area (LV mass 
index). LV volumes and ejection fraction were measured by biplane method of disks 
summation. Early (E) and late (A) diastolic mitral flow velocity and deceleration time of the 
mitral valve (MV dec time) were measured, and E/A ratio was calculated. Left atrial volume 
was measured by disks summation algorithm and indexed by body surface area (LA volume 
index). Mitral annular lengthening velocities (E′) were measured by tissue Doppler imaging 
on the lateral and septal part of the mitral valve annulus. From these values, the average E′ 
(E’mean) and E/E’mean ratio were calculated.  

Biomarker analysis  

Two endothelial activation markers, soluble intercellular adhesion molecule-1 (sICAM-1) 
and soluble endothelial selectin (sE-selectin), were measured with ELISA-sets (R&D 
Systems, catalogue numbers DY724 and DY720 respectively). Experiments were carried out 
according to the standard protocol of the kit. Plasma samples were diluted 1:10 for sE-
selectin and 1:1000 for sICAM-1. The levels of three inflammatory cytokines, interleukin 6 



 

(IL-6), tumor necrosis factor alpha (TNF-α), and high-sensitivity c-reactive protein (hsCRP) 
were measured according to standardized protocols. 

Statistical analysis  

Normally distributed numerical data were reported as means with standard deviations, not 
normally distributed numerical data as medians with interquartile ranges and categorical 
data as percentages. Differences were analysed by unpaired t-test, Mann-Whitney U test 
and Fisher’s exact test when appropriate. Multivariate linear regression analyses were used 
to study the relationship between a history of early-onset preeclampsia and outcome 
variables, in combination with potential confounding factors including age, smoking status, 
blood pressure, body mass index (BMI) and educational level. When comparing multiple 
groups, two-way ANOVA and Kruskal-Wallis tests were used for normally and not normally 
distributed variables respectively. Bonferroni post hoc tests were performed to analyse 
differences between individual groups. To calculate the correlation between biomarkers 
and nonparametric variables, Spearman’s rank correlation was used. In all analyses, a p-
value <0.05 was considered statistically significant. Data were analysed using SPSS 22 
software (Chicago, IL).  
 

RESULTS 

Clinical Characteristics  

Women with a history of early-onset preeclampsia (n=131) were compared to women with 
a history of uncomplicated pregnancy (n=56) (Fig 1). Women with a history of early-onset 
preeclampsia were slightly younger and interval between index pregnancy and risk 
assessment was shorter (Table 1). Women with a history of early-onset preeclampsia had 
higher systolic, diastolic and mean arterial blood pressures and a higher prevalence of 
arterial hypertension. Women with former preeclampsia also had higher BMI, larger waist 
circumference and a higher prevalence of metabolic syndrome. Among them, two women 
had increased glucose levels (fasting glucose >7 mmol/ml) and one had impairment in 
glomerular filtration rate (eGFR <60 mL/min/1.73m2). 
 



 

Early-onset preeclampsia
n = 246

Informed consent:
n = 134

Risk assessment: 
n = 131

Uncomplicated pregnancy
n = 231 matched for age 

and date of delivery

Obstetrical database 1998-2005

Exclusion:
n = 112

Withdrawal n = 40
No correct address n = 6

No response n = 66

No show: 
n = 3

Informed consent:
n = 61

Risk assessment: 
n = 56

No show: 
n = 5

Exclusion:
n = 170

Withdrawal n = 26
No correct address n = 15

No response n = 129

 
 
Figure 1. Recruitment study population  

 

Echocardiography 

In their fifth decade of life, several echocardiographic measures of LV structure and LV 
diastolic function differed between women with a history of early-onset preeclampsia and 
women with a history of uncomplicated pregnancy (Table 2). Septal wall thickness, 
posterior wall thickness (Fig 2A) and LV mass index were higher in women with a history of 
early-onset preeclampsia while LV end diastolic volume index and left atrial volume index 
remained comparable in both groups.  
Several indices of LV filling dynamics differed between women with a history of early-onset 
preeclampsia and women with a history of uncomplicated pregnancy. Septal mitral annular 
lengthening velocity (E’septal) and the mean of the septal and lateral E’ (E’mean) (Fig 2D) 
were lower. The ratio of early diastolic mitral flow velocity (E) over E’mean (E/E’mean) and 
late diastolic mitral flow velocity (A) were higher. LV ejection fraction was comparable in 
both groups. In multivariate regression analysis accounting for confounders including age, 
smoking status, systolic blood pressure, BMI and educational level, E’mean remained 
significantly lower and E/E’mean significantly higher in women with a history of early-onset 
preeclampsia compared to women with a history of uncomplicated pregnancy (Table 3). 



 

When preclinical diastolic LV dysfunction was defined by an E/E’ ratio exceeding age and 
gender adjusted reference values by more than 1SD 32,33, 19.1% of women with a history of 
preeclampsia had preclinical diastolic LV dysfunction compared to 5.4% of women with a 
history of uncomplicated pregnancy (p=0.014). 
To further explore the confounding effect of persistent metabolic risk, the population was 
split up into 4 groups in accordance to pregnancy history and BMI at follow-up 9 to 16 
years after index pregnancy (Table 4). Differences observed between women with 
uncomplicated pregnancy and BMI <25 kg/m2 and women with history of preeclampsia and 
BMI ≥25 kg/m2 exceeded the differences observed in the total population (Table 2) for 
septal wall thickness (p<0.001), posterior wall thickness (p<0.001, Fig 2B), LV 
 

 

Figure 2. Effect of pregnancy history on posterior wall thickness and E’mean. 

A. Effect of pregnancy history on posterior wall thickness; B. Enhanced effect of pregnancy history on posterior 
wall thickness when comparing patients with uncomplicated pregnancy and BMI<25 kg/m2 to patients with 
preeclampsia and BMI ≥25 kg/m2; C. Effect of persistent metabolic risk (BMI ≥25 kg/m2) on posterior wall thickness 
in women with a history of preeclampsia; D. Effect of pregnancy history on E’mean; E. Enhanced effect of 
pregnancy history on E’mean when comparing patients with uncomplicated pregnancy and BMI<25 kg/m2 to 
patients with preeclampsia and BMI ≥25 kg/m2; E. Effect of persistent metabolic risk (BMI ≥25 kg/m2) on E’mean in 
women with a history of preeclampsia. 

 



 

mass index (p=0.01), E’lateral (p=0.05), E’septal (p<0.001), E’mean (p<0.001, Fig 2E) and 
E/E’mean (p=0.004). Effects of persistent metabolic risk became evident on post hoc 
analysis and consisted of increased posterior wall thickness (p=0.02, Fig 2C), smaller 
E’septal (p=0.02) and E’mean (p=0.004, Fig 2F) in women with a history of preeclampsia 
and BMI ≥25 kg/m2 compared to women with a history of preeclampsia and BMI <25 kg/m2. 
Effects of preeclampsia at matched metabolic risk became also evident on 

 
  
 
 
Table 1. Baseline characteristics in the fifth decade of life. 
 

MI=myocardial infarction; SBP=systolic blood pressure; DBP=diastolic blood pressure; MAP=mean arterial 
pressure; BMI=body mass index. * Only first degree relatives reported. † Current use of antihypertensive 
medication and/or blood pressure ≥140/90 mmHg at risk assessment.  

 
  

Characteristics  Uncomplicated 
pregnancy 
n=56 

Early-onset preeclampsia 
n=131 

 
 
p-value 

Age, years mean ± SD 46.5 ± 4.8 44.0 ± 5.6 0.004 
Post index pregnancy, 

years 
mean ± SD 14.2 ±2.3 13.1 ±2.2 0.003 

Caucasian n (%) 49 (87.5) 113 (86.3) 1.000 
Current smoking n (%) 9 (16.1) 23 (17.6) 1.000 
Educational level       0.081 

Low n (%) 6 (10.7) 31 (23.7)  
Intermediate n (%) 19 (33.9) 45 (34.4)  
High n (%) 31 (55.4) 54 (41.2)  

Family history*        
MI <60 years n (%) 11 (19.6) 24 (18.3) 0.895 
Stroke <60 years n (%) 2 (3.6) 10 (7.6) 0.095 

Blood pressure       
SBP, mmHg mean ± SD 115 ± 17.0 126 ± 18.6 <0.001 
DBP, mmHg mean ± SD 74 ± 9.4 82 ± 9.8 <0.001 
MAP, mmHg mean ± SD 87.4 ± 11.3 96.7 ± 11.8 <0.001 

Anthropometrics       
BMI, kg/m2 median [IQR] 23.9 [21.2─26.6] 25.6 [22.7─28.9] 0.006 
Waist circumference, cm median [IQR] 77.0 [71.0─82.8] 79.0 [75.0─90.0] 0.007 

Risk profile       
Hypertension† n (%) 8 (14.3) 50 (38.2) 0.001 
Metabolic syndrome n (%) 1 (1.8) 22 (16.8) 0.003 



 

Table 2. Echocardiographic indices and biomarkers in patients with uncomplicated pregnancy versus early-onset 
preeclampsia. 

LV=left ventricular; E=early diastolic mitral flow velocity; A=late diastolic mitral flow velocity; MV dec time=mitral 
valve deceleration time; LA=left atrial; E’=mitral annular lengthening velocity; IL-6=interleukin 6; sICAM-1=soluble 
intercellular adhesion molecule-1; sE-selectin= soluble endothelial selectin; TNF-α=tumor necrosis factor alpha; 
hsCRP=high-sensitivity c-reactive protein  

Characteristics  Uncomplicated 
pregnancy 
n=56 

Early-onset 
preeclampsia 
n=131 

 
 
p-value 

Echocardiography       
Septal wall thickness, cm mean ± SD 0.73 ± 0.11 0.79 ± 0.12 0.001 
Posterior wall thickness, cm mean ± SD 0.74 ± 0.11 0.80 ± 0.12 0.003 
LV mass index, gr/m2 mean ± SD 60.5 ± 13.1 65.4 ± 14.7 0.035 
LV end diastolic volume index, 

ml/m2 

mean ± SD 57.0 ± 13.1 56.4 ± 15.4 0.800 

Ejection fraction, % mean ± SD 58.4 ± 5.5 59.1 ± 6.3 0.498 
E, cm/sec mean ± SD 81.63 ± 12.51 85.86 ± 15.64 0.075 
A, cm/sec mean ± SD 59.85 ± 12.97 65.36 ± 16.25 0.026 
E/A ratio median [IQR] 1.27 [1.12-1.67] 1.25 [1.08-1.54] 0.250 
MV dec time, sec  median [IQR] 0.20 [0.18-0.21] 0.19 [0.18-0.21] 0.490 
LA volume index, ml/m2 mean ± SD 23.4 ± 6.71 22.9 ± 6.40 0.633 
E’lateral, cm/sec mean ± SD 13.26 ± 2.55 12.52 ± 2.57 0.073 
E’septal, cm/sec mean ± SD 10.87 ± 1.87 9.94 ± 2.00 0.004 
E’mean, cm/sec mean ± SD 12.06 ± 1.88 11.21 ± 2.00 0.007 
E/E’ mean ratio mean ± SD 6.86 ± 1.16 7.86 ± 1.95 <0.001 

Biomarkers       
IL-6, pg/ml mean ± SD 0.46  ± 0.23 0.64  ± 0.61 0.005 
sICAM-1, ng/ml mean ± SD 495 ± 246 601 ± 274 0.014 
sE-selectin, ng/ml mean ± SD 8.22 ± 2.88 8.16  ± 3.36 0.915 
TNF-α, pg/ml mean ± SD 2.03  ± 0.69 1.90  ± 0.56 0.179 
hsCRP, mg/l mean ± SD 2.07 ± 3.34 3.35 ± 5.43 0.108 



 

post hoc analysis and consisted of thicker septal (p=0.02) and posterior (p=0.04) walls in 
women with a history of preeclampsia and BMI <25 kg/m2 compared to women with 
uncomplicated pregnancy and BMI <25 kg/m2 and of higher E/E’mean (p=0.02) in women 
with a history of preeclampsia and BMI ≥25 kg/m2 compared to women with 
uncomplicated pregnancy and BMI ≥25 kg/m2. 

Biomarkers 

Plasma level of IL-6 was higher in women with a history of early-onset preeclampsia than in 
women with a history of uncomplicated pregnancy (Table 2). Higher level of IL-6 related to 
several features of metabolic syndrome including waist circumference (r=.257; p=0.01), 
BMI (r=.272; p=0.01), fasting triglycerides (r=.155; p=0.05) and fasting HDL cholesterol (r=-
.199; p=0.01). Women with a history of early-onset preeclampsia also had a higher plasma 
level of sICAM-1. This higher level of sICAM-1 was related to features of metabolic 
syndrome such as waist circumference (r=.188; p=0.05), BMI (r=.166; p=0.05), fasting 
triglycerides (r=.211; p=0.01) and fasting HDL cholesterol (r=-.175; p=0.05). In multivariate 
regression analysis accounting for confounders including age, smoking status, systolic blood 
pressure, BMI, and educational level, sICAM-1 remained significantly higher in women with 
a history of early-onset preeclampsia compared to women with a history of uncomplicated 
pregnancy (Table 3). N Terminal pro Brain Natriuretic Peptide (NT-proBNP) levels were 
comparable in women with and without a history of preeclampsia (51[28-78] vs. 52[31-86] 
ng/L; mean [IQR]; p=0.57). 

 

  



 

Table 3. Multivariate linear regression analysis of a history of early-onset preeclampsia on diastolic function.  

Dependent variable B 

 95% confidence interval 

p-value* Beta Lower bound Upper bound 

Echocardiography      
Septal wall thickness 0.030 0.117 -0.006 0.067 0.103 

Posterior wall thickness 0.021 0.081 -0.016 0.057 0.261 

LV mass index 0.469 0.015 0.200 0.842 0.842 

E’mean -0.665 -0.153 -1.242 -0.088 0.024 

E/E’mean ratio 0.829 0.212 0.264 1.394 0.004 

Biomarkers      
IL-6 0.152 0.132 -0.022 0.326 0.086  

sICAM-1 88.881 0.151 3.059 174.703 0.042 

sE-selectin -0.758 -0.113 -1.841 0.271 0.144 

TNF-α -0.164 -0.125 -0.360 0.033 0.103 

hsCRP 0.354 0.033 -1.234 1.942 0.661 

E’=mitral annular lengthening velocity; E= early diastolic mitral flow velocity; IL-6=interleukin 6; sICAM-1=soluble 
intercellular adhesion molecule-1; sE-selectin= soluble endothelial selectin; TNF-α=tumor necrosis factor alpha; 
hsCRP=high-sensitivity c-reactive protein;  
* Dependent variables were adjusted for age, smoking status, systolic blood pressure, body mass index and 
educational level



 

Table 4. Results: subgroups based on pregnancy history and BMI in the fifth decade of life. 

Characteristics  

 

Uncomplicated 
pregnancy, 
BMI <25 
n=32 

Uncomplicated 
pregnancy, 
BMI ≥25 
n=24 

Early-onset 
preeclampsia,  
BMI <25 
n=60 

Early-onset 
preeclampsia,  
BMI ≥25 
n=71 p-value* 

Septal wall thickness, cm mean ± SD 0.70 ± 0.10 0.76 ± 0.11 0.76 ± 0.11 0.81 ± 0.12 <0.001 

Posterior wall thickness, cm mean ± SD 0.71  ± 0.10 0.79 ± 0.11 0.77 ± 0.12 0.82 ± 0.12 <0.001 

LV mass index, gr/m2 mean ± SD 57.6 ± 11.0 64.3 ± 14.8 63.1 ± 12.6 67.4 ± 16.0 0.014 

LV end diastolic volume index, ml/m2 mean ± SD 56.4 ± 12.7 57.9 ± 13.9 54.2 ± 12.0 58.3 ± 17.6 0.375 

Ejection fraction, % mean ± SD 58.3 ± 4.9 58.5 ± 6.4 59.0 ± 5.8 59.1 ± 6.8 0.822 

E, cm/sec mean ± SD 83.23 ± 12.84 79.49 ± 11.92 86.26 ± 14.59 85.53 ± 16.55 0.250 

A, cm/sec mean ± SD 58.46 ± 14.70 61.70 ± 10.22 63.91 ± 17.36 66.59 ± 15.27 0.088 

E/A ratio median [IQR] 1.51 [1.12-1.78] 1.22 [1.12-1.49] 1.30 [1.08-1.67] 1.24 [1.05-1.43] 0.121 

MV dec time, sec  median [IQR] 0.19 [0.18-0.21] 0.20 [0.19-0.22] 0.19 [0.18-0.21] 0.19 [0.18-0.21] 0.561 

LA volume index, ml/m2 mean ± SD 23.7 ± 6.41 22.9 ± 7.24 22.4 ± 6.68 23.2 ± 6.20 0.816 

E’lateral, cm/sec mean ± SD 13.62 ± 2.50 12.78 ± 2.59 13.09 ± 2.65 12.05 ± 2.41 0.018 

E’septal, cm/sec mean ± SD 11.33 ± 1.80 10.25 ± 1.82 10.52 ± 2.09 9.46 ± 1.80 <0.001 

E’mean, cm/sec mean ± SD 12.47 ± 1.91 11.52 ± 1.73 11.77 ± 2.09 10.75 ± 1.81 <0.001 

E/E’mean ratio mean ± SD 6.79 ± 1.29 6.96 ± 0.97 7.50 ± 1.59 8.16 ± 2.17 <0.001 

BMI=body mass index, measured at risk assessment 9-16 years after pregnancy; LV=left ventricular; E= early diastolic mitral flow velocity; A= late diastolic mitral flow 
velocity; MV dec time=mitral valve deceleration time; LA=left atrial; E’= mitral annular lengthening velocity. * comparing the four subgroups by two-way ANOVA or Kruskal-
Wallis tests when appropriate. 



 

DISCUSSION 
 
The current study observed worse diastolic LV function and higher prevalence of preclinical 
diastolic LV dysfunction in women in the fifth decade of life with a history of early-onset 
preeclampsia as compared to women with a history of uncomplicated pregnancy. Worse 
diastolic LV function coincided with higher plasma levels of IL-6 and sICAM-1, which 
respectively reflected systemic inflammation and endothelial activation.  
The present study differed from previous investigations assessing persistence of 
preeclampsia-induced LV remodelling by the size of the cohort (n=131), the length of 
follow-up (9 to 16 years) and the adjustment of outcomes for cardiovascular risk factors 
such as age, smoking, blood pressure, BMI and educational level. In the present study, 
worse diastolic LV function was evident not only from comparison with women with an 
uncomplicated pregnancy but also from comparison with age and gender adjusted 
reference values32. 
Although diastolic LV dysfunction corresponded to the preclinical stage, it implies an 
increased risk of heart failure development. A recent meta-analysis found that a 1SD 
increase in E/E’ ratio exceeding age and gender adjusted reference values, significantly 
enhances the risk for incident heart failure (RR:1.20; 95% CI: 1.08-1.33)33. In women with a 
history of preeclampsia, 19.1% had a 1 SD increase of the E/E’ ratio, compared to 5.4% of 
women with a history of uncomplicated pregnancy. The present study did not observe 
patients who had evolved to clinically overt or stage C heart failure as evident from the 
comparable NT-proBNP values. Failure to observe patients with overt HFpEF probably 
resulted from the limited time span of postpartum follow-up. In the presence of preclinical 
diastolic LV dysfunction, the risk for evolution from preclinical diastolic LV dysfunction or 
stage B heart failure to stage C heart failure is however substantial and estimated at 11.6% 
over a three year time span34. In the patients with a history of preeclampsia, preclinical 
diastolic LV function was accompanied by concentric LV remodelling evident from 
increased LV mass index at unaltered LV end-diastolic volume index. A high prevalence of 
concentric LV remodelling (67%) was recently also reported by another study in a relatively 
large cohort (n=107) of women with a history of preeclampsia four to ten years 
postpartum27. A trend for more concentric LV remodelling persists when preeclampsia and 
peripartum cardiomyopathy coexist35. In the presence of coexisting preeclampsia, patients 
with peripartum cardiomyopathy had smaller LV cavity, larger LV wall thickness and lower 
incidence of eccentric remodelling with recovery of LV ejection fraction occurring in 80% of 
patients versus 25% of patients without preeclampsia36.  
In the present study, a history of early-onset preeclampsia predisposed to worse diastolic 
LV function later in life even after correction for cardiovascular risk factors such as age, 
smoking, blood pressure, BMI and educational level (Table 3). These corrections are 
relevant not only to a direct effect of a history of preeclampsia but are also important for 



 

potential selection bias. Willingness to participate might be higher in women who had a 
reason to be examined or reassured on their cardiovascular status, for example because of 
positive family history of myocardial infarction, high BMI or smoking. This however applied 
to both groups of participants and did therefore not affect the observed differences. 
HFpEF patient populations usually have an average BMI of ±30kg/m2 consistent with 
obesity. In the present study, the patients with a history of preeclampsia had higher BMI 
than controls and had already passed the threshold value for overweight (25 kg/m2). When 
patients were split up into four groups in accordance to pregnancy history and BMI larger 
or smaller than 25 kg/m2, effects of pregnancy history independent of BMI became evident 
and consisted of higher E/E’mean in women with a history of preeclampsia and BMI ≥25 
kg/m2 compared to women with uncomplicated pregnancy and BMI ≥25 kg/m2. This finding 
supports the postpartum effects of preeclampsia to result not only from persistent 
cardiovascular risk, but possibly also from a primary inability to provide adequate tissue 
vascularization with insufficient utero-placental vascularization contributing to 
preeclampsia at the time of pregnancy and insufficient myocardial vascularization 
contributing to diastolic LV dysfunction in the fifth decade of life10-13,37. The latter is 
consistent with a recently proposed paradigm whereby comorbidities, and especially 
metabolic comorbidities, trigger a systemic inflammatory state that results in coronary 
microvascular endothelial dysfunction, which alters paracrine signalling between 
endothelial cells and cardiomyocytes and allows leucocytes to infiltrate the myocardium. 
Altered paracrine signalling results in low myocardial nitric oxide and cyclic guanosine 
monophosphate content, which stiffens cardiomyocytes and removes the brake on 
cardiomyocyte hypertrophy, whereas leucocyte infiltration leads to activation of 
myofibroblasts and interstitial collagen deposition. This recently proposed paradigm for 
HFpEF is supported by a distinct biomarker profile and by evidence of inadequate tissue 
vascularization. HFpEF patients have elevated markers of systemic inflammation and 
endothelial activation,38-41 which correlate with echocardiographic indices of diastolic LV 
dysfunction42. These elevated markers were also found in our patients with a history of 
preeclampsia, with higher levels of IL-6 and sICAM-1. This was likely also induced by 
metabolic comorbidities as it related to several features of metabolic syndrome. A similar 
biomarker profile is observed during preeclamptic pregnancies14 and apparently persists 
into the fifth decade of life. Inadequate vascularization of several organs was recently 
substantiated in HFpEF by blunted vasodilator responses in myocardium,43 skeletal muscle 
44 and gluteal fat45. 
Comorbidities such as diabetes mellitus and chronic kidney disease were identified as 
drivers of myocardial remodelling in preclinical diastolic LV dysfunction and HFpEF 11,13,46 
resulting in a specific cardiac phenotype13. Presence of diabetes raises LV mass and causes 
a larger reduction in LV diastolic distensibility47,48. The present study observed similar 
features in patients with a history of early-onset preeclampsia, who also had larger LV mass 



 

and higher E/E’mean ratio at unchanged LV end diastolic volume index. Presence of chronic 
kidney disease also affects phenotypic appearance as it worsens cardiac mechanics evident 
from lower E’49,50. Lower E’mean was also observed in the present study in women with a 
history of preeclampsia. In chronic kidney disease, effects were attributed to low 
myocardial microvascular density because of elevated sFlt-1, an antiangiogenic factor 
prominently involved in preeclampsia51. Future comparison of preclinical diastolic LV 
dysfunction in patients with and without history of preeclampsia will reveal if preeclampsia 
also leads to a distinct cardiac phenotype. Development of a specific preeclampsia-related 
phenotype could be the subject of future longitudinal follow-up of the current cohorts. 
In conclusion, early-onset preeclampsia is associated with worse diastolic LV function and 
higher prevalence of preclinical diastolic LV dysfunction in the fifth decade of life. The 
association persists after accounting for age, smoking status, systolic blood pressure, BMI 
and educational level. Worse diastolic LV function is accompanied by higher plasma levels 
of IL-6 and sICAM-1, which are known to be elevated during preeclampsia. The shared 
biomarker profile may suggest insufficient vascularization because of systemic 
inflammation and endothelial dysfunction to be involved in the uterus at the time of 
pregnancy when developing preeclampsia and in the myocardium in the fifth decade of life 
when presenting with preclinical diastolic LV dysfunction. 
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ABSTRACT 

Objective 

To study women’s ability to recall hypertensive disorders in pregnancy in their fifth decade 
of life and to differentiate between early-onset, late-onset preeclampsia and gestational 
hypertension. 

Study design and Setting 

Participants were 5-10 years post index pregnancy with a history of early-onset 
preeclampsia, late-onset preeclampsia, gestational hypertension, uncomplicated pregnancy 
or preterm birth. Recall was assessed using a questionnaire and compared to medical 
records. The influence of facilitating factors on correct recall were assessed by logistic 
regression analysis. All women delivered in a tertiary hospital. 

Results 

Questionnaire based recall of early-onset preeclampsia had a sensitivity of 98.1% (95% CI: 
93.4−99.8) and specificity of 94.2% (91.3−96.3), recall of late-onset preeclampsia a 
sensitivity of 68.2% (55.6−79.1) and specificity of 91.1% (88.0−93.7) and gestational 
hypertension had a sensitivity of 29.0% (20.6−38.5) and specificity of 97.9% (95.9−99.1). 
Lower gestational age at delivery was associated with higher rates of correct maternal 
recall (OR 0.734, 95% CI: 0.658-0.819). 

Conclusion 

Early-onset preeclampsia can accurately be assessed using a simple questionnaire. Recall of 
late-onset preeclampsia and gestational hypertension was not accurate. These last 
mentioned women overstated their risk by recalling a more severe hypertensive disorder. 
In clinical practice this would be suitable to detect most women at risk.  
  



 

INTRODUCTION 
 
One third of all women worldwide die from cardiovascular disease (CVD).1 Despite the high 
prevalence of CVD among women, diagnosis is often delayed due to differences in clinical 
presentation and underlying pathophysiology compared to the male standard.2-5 The 
development of preeclampsia is believed to be one of the earliest female-specific factors 
indicating increased cardiovascular risk.6 It has become evident that women who have had 
a hypertensive disorder in pregnancy (HDP), including preeclampsia, face an increased 
cardiovascular risk later in life.7-9 The risk is related to the severity and time of onset of the 
HDP.9-11 This is evident already shortly after pregnancy, when the prevalence of 
hypertension differs between women with different severities of HDP in history; 45% of 
women who have had early-onset preeclampsia, 40% who had gestational hypertension 
and 25% of women who had late-onset preeclampsia.9 Later in life it is demonstrated by 
the increased risk of cardiovascular death; twofold in women who have had gestational 
hypertension or preeclampsia and nine fold in women who have had early-onset 
preeclampsia.10-12 
Early identification of women at risk creates an opportunity for early intervention and 
preventive strategies. Later in life, when a general practitioner, internist or cardiologist 
wants to estimate cardiovascular risk of a female patient, it could be helpful to know if she 
has had HPD earlier in life. However, obtaining medical records can be difficult years after 
pregnancy. Therefore, the physician often has to rely on women’s ability to accurately 
recall their obstetric history. Several studies have focused on maternal recall of HDP as a 
proxy for having an accurate medical history on record. 13, 14 Recall accuracy increased as 
the severity of HDP increased, but it was noted that the accuracy may be influenced by 
other markers of disease severity like birth weight and preterm delivery. In addition, no 
distinction has been made between early- and late-onset preeclampsia while this may be 
important in risk assessment.  
Therefore, this study focused on the ability of a questionnaire to assess different severities 
of HDP. Women with early-onset preeclampsia, late-onset preeclampsia and gestational 
hypertension were approached as three distinct groups because of their disproportionate 
risk of CVD later in life. Women with an uncomplicated term pregnancy in history and 
women with preterm birth in history participated as controls. The latter to study the 
influence of preterm delivery in women with early-onset preeclampsia in history.  

  



 

METHODS 

Study population 

Three severities of HDP were investigated: early-onset preeclampsia, late-onset 
preeclampsia and gestational hypertension. Women with early-onset preeclampsia 
delivered prior to 37 weeks of gestation and women with late-onset preeclampsia delivered 
from 37 weeks of gestation. Both groups were diagnosed with new-onset hypertension 
(≥140/90 mmHg) and proteinuria (≥300 mg/24h or 1+ dipstick test) using the ISSHP 2001 
criteria; the criteria used at the time of diagnosis of the study population.15 Women with 
gestational hypertension suffered from new-onset hypertension (≥140/90 mmHg) without 
proteinuria, and no limitation on gestational age.15 There were two control groups of which 
the first consisted of women with uncomplicated term pregnancies (gestational age ≥37 
weeks). The second control group consisted of women who delivered preterm (gestational 
age <37 weeks). The additional control group of preterm birth was included to test if recall 
of women with early-onset preeclampsia was influenced by preterm birth. Both the 
uncomplicated and preterm pregnancies had to be normotensive and in the absence of 
proteinuria. Exclusion criteria for all participants were: diagnosis of cardiovascular disease 
before index pregnancy, multiple pregnancies or congenital abnormalities in index 
pregnancy, and currently pregnant. All women delivered in the VU University Medical 
Center between 2006 and 2011, time post index pregnancy was 5 to 10 years.  

Procedure 

Medical records were consecutively screened and eligible women were sent a 
questionnaire to their home address. Not responding women were sent a second 
questionnaire and were called once to verify the home address, not to complete the 
questionnaire. An informed consent form was attached to the questionnaire and had to be 
completed for participation. 

Survey 

The questionnaire was based on a questionnaire used by Diehl et al. for a similar study on 
recall of preeclampsia 20 years post index pregnancy (Table 1).16 Questions were added to 
distinguish between early-onset preeclampsia, late-onset preeclampsia and gestational 
hypertension.  
Recall of preeclampsia was confirmed when either the direct term ‘preeclampsia’ and/or 
the descriptive terms ‘high blood pressure’ and ‘proteinuria’ were reported by the 
participant. Next to that, women with preeclampsia were asked to report their gestational 
age to distinguish between early-onset and late-onset disease. Gestational hypertension 



 

was verified when women could indicate the presence of high blood pressure during index 
pregnancy with the absence of preeclampsia, toxaemia, eclampsia or proteinuria.  
 
 
Table 1. Questionnaire 

1. During index pregnancy, did a physician ever tell you that you 
had high blood pressure or hypertension? 

� Yes 
� No 
� Unknown 

2. During index pregnancy, did you have preeclampsia, 
eclampsia or toxaemia? 

� Yes 
� No 
� Unknown 

3. During the pregnancy in which you developed hypertension, 
did you have: 
• Protein in the urine 
• Preeclampsia or eclampsia 

 
 
� Yes �  No  �  Unknown 
� Yes �  No 

4. Before the pregnancy in which you developed hypertension, 
did you have a previous pregnancy in which you had a high 
blood pressure? 

� Yes  
� No 

5. How many weeks were you pregnant when your child was 
born? 

� Less than 34 weeks (3 days less than 8 
months)  

� Between 34 weeks and 37 weeks  
� 37 weeks or more (8.5 months) 

6. Have you been admitted during index pregnancy? � Yes, for high blood pressure or 
preeclampsia 

� Yes, for preterm birth 
� Yes, something else namely… 
� Yes, only for my delivery 
� No 

7. Are you currently hypertensive? � Yes 
� No 
� Unknown  

8. Are you currently taking prescription medication to lower 
your blood pressure? 

� Yes 
� No 

9. Do you have any relatives with a high blood pressure? � Yes, namely… 
� No 

10. What is the highest level of education you have received? � Low 
� Moderate  
� High* 

* Categorized levels are displayed; all levels of education were shown in the original questionnaire 

 
  



 

Sample size 

The sample size of the case groups, to assess sensitivity, was based on the 95% confidence 
interval found by Diehl et al.16 A width of 16% with a power of 80% and a two-sided α of 
0.05 resulted in 107 women in each case group. For specificity they found a confidence 
interval of 8%. Conservatively 10% was chosen with a power of 80% and a two-sided α of 
0.05 what resulted in 94 women for each control group. 

Statistical analyses 

The variables maternal age at questionnaire, time period after index pregnancy, parity, 
gestational age of index pregnancy, intensive care admission and perinatal death were 
extracted from medical records. Other variables were derived from completed 
questionnaires. Education was categorized in three groups: low (no education or primary 
school), intermediate (secondary school or upper secondary education), high (higher 
vocational education or university). Respondents and non-respondents were compared by 
maternal age, time period after index pregnancy, parity, gestational age of index 
pregnancy, maternal intensive care admission and perinatal death using unpaired Student’s 
t-test, Mann-Whitney U test and Chi-square test when appropriate.  
The three case groups were each separately compared to the control group of women with 
a history of uncomplicated pregnancy. Women with a history of early-onset preeclampsia 
were additionally compared to women with a history of preterm birth. Comparisons were 
made for maternal age, time period after index pregnancy, current hypertension, use of 
antihypertensive medication or a family history of hypertension, educational level, variables 
related to index pregnancy including parity, gestational age, admission for HDP, maternal 
intensive care admission, perinatal death and HDP in a previous pregnancy using unpaired 
Student’s t-test, Mann-Whitney U test and Chi-square test when appropriate. A Bonferroni 
correction was applied where a p<0.008 was considered statistically significant.  
The primary outcome was the validity of the questionnaire to recall early-onset 
preeclampsia, late-onset preeclampsia and gestational hypertension. Medical records on 
index pregnancy served as the ‘gold standard’. The sensitivity of each group expressed the 
percentage of women who recalled the condition, among those who had the condition in 
medical record. Specificity represented the percentage of women who indicated that they 
did not have the condition, among the women in the four groups who did not have the 
condition in medical record.  
As secondary outcome we studied the influence of facilitating factors including maternal 
age, time post index pregnancy, educational level, current hypertension, current use of 
antihypertensive medication, a family history of hypertension, parity at index pregnancy, 
gestational age, admission for HDP and HDP in a previous pregnancy, on correct diagnosis 
of different severities of HDP by using logistic regression analysis. First, all potential 



 

determinants were tested in univariate analysis and significant variables (p<0.20) were 
tested in multivariate analysis. In other, not corrected analyses, a p<0.05 was considered 
statistically significant. Data were analysed using SPSS 22 software (IBM Corp, Armonk, NY).  

 
RESULTS 
 
For this study women with a history of early-onset preeclampsia, late-onset preeclampsia, 
gestational hypertension, uncomplicated pregnancy or preterm birth were approached, 
resulting in 1175 potential participants. The overall response rate was 41% (Table 2). 
Respondents were older (41.4 vs. 40.4 years, p=0.005) and the gestational age in index 
pregnancy was shorter (37.6 vs. 38.9 weeks, p<0.001).  
 
 
Table 2. Characteristics of respondents compared to non-respondents 

  Respondents  
n=483 

Non-respondents  
n=692 

 
p-value 

Age, years mean ± SD 41.4 ± 5.2 40.4 ± 5.7 0.005 

Time post index pregnancy, 
years 

median [IQR] 7.6 [6.4−9.3] 7.3 [6.2−9.5] 0.410 

Primiparous n (%) 316 (65.4) 425 (61.4) 0.177 

Gestational age, weeks median [IQR] 37.6 [32.1−39.7] 38.9 [35.4−40.3] <0.001 

Maternal IC admission n (%) 2 (0.4) 5 (0.7) 0.707 

Perinatal death n (%) 17 (3.5) 25 (3.6) 1.000 

IC=intensive care 

 
Response rate was higher in women with previous early-onset- (58.8%) and late-onset 
preeclampsia (53.7%, both p<0.001) (Table 3). The calculated sample size was reached for 
all groups except for the group of late-onset preeclampsia. Women with previous early-
onset preeclampsia and gestational hypertension had more often current hypertension 
(20.6% and 15.9%) compared to control groups (both 1%, p<0.001 and p<0.001). Women 
with both early-onset preeclampsia, late-onset preeclampsia and gestational hypertension 
reported more often use of anti-hypertensive medication (15.9%, 12.1%, 16.8% 
respectively) compared to control groups (1% and 0%, p<0.001, p=0.002, p<0.001). Women 
with early-onset preeclampsia in history were more often primiparous in index pregnancy 
(80.4%) than women with an uncomplicated pregnancy in history (56.7%, p<0.001). 
Perinatal death occurred more in women with previous early-onset preeclampsia (10.3%) 
than in women with uncomplicated pregnancy (0%, p=0.001) but it was comparable to 
women with preterm birth in their index pregnancy (6.1%). As expected, women with a 
history of early-onset preeclampsia, late-onset preeclampsia or gestational hypertension 



 

had a shorter gestational age (31.9, 38.4 and 39.1 weeks) compared to women with an 
uncomplicated pregnancy in history (40.3 weeks, p<0.001, p<0.001, p<0.001). Gestational 
age was comparable between the groups of early-onset preeclampsia and preterm birth 
(31.0 weeks). All case groups were more often admitted for HDP (84.1%, 68.2% and 50.5% 
vs. 1% in both control groups, all p<0.001), and had more often HDP in a previous 
pregnancy (15.0%, 27.3% and 24.3% vs. 0% in both control groups, all p<0.001 ). Notable is 
that the majority of women in all groups were highly educated (61.6−75.8%). 

 
  



 

Table 3. Baseline characteristics 

  Case groups Control groups 

  Preeclampsia  
<37 weeks 
n=107 

Preeclampsia  
≥37 weeks 
n=66 

Gestational 
hypertension 
n=107 

Uncomplicated 
pregnancy 
n=104 

Preterm birth 
 
n=99 

Response rate % 58.8* ** 53.7* 36.5  29.4  44.6  

Age, years mean ± SD 40.8 ± 5.7 42.0 ± 4.5 41.9 ± 4.9 42.7 ± 5.4 39.6 ± 4.7 

Time post index pregnancy, years median [IQR] 7.9 [6.6−9.4]** 7.8 [6.7−9.5] 7.6 [6.4−9.2] 8.6 [6.0−9.6] 6.8 [6.3−9.3] 

Current hypertension† n (%) 22 (20.6)* ** 6 (9.1) 17 (15.9)* 1 (1.0) 1 (1.0) 

Use of antihypertensive medication† n (%) 17 (15.9)* ** 8 (12.1)* 18 (16.8)* 1 (1.0) 0 − 

Family history of hypertension† n (%) 60 (56.1) 37 (56.9) 60 (55.6) 49 (47.1) 44 (44.4) 

Education †            

Low n (%) 12 (11.2) 6 (9.1) 6 (5.6) 6 (5.8) 8 (8.1) 

Intermediate n (%) 28 (26.2) 10 (15.2) 23 (21.5) 20 (19.2) 29 (29.3) 

High n (%) 67 (62.6) 50 (75.8) 77 (72.6) 78 (75.0) 61 (61.6) 

Index pregnancy            

Primiparous n (%) 86 (80.4)* 44 (66.7) 63 (58.9) 59 (56.7) 64 (64.6) 

Gestational age, weeks median [IQR] 31.9 [29.1−35.0]* 38.4 [37.7−39.7]* 39.1 [37.9−40.0]* 40.3 [39.6−40.9] 31.0 [28.4−35.3] 

Admission for HDP† n (%) 90 (84.1)* ** 45 (68.2)* 54 (50.5)* 1 (1.0) 1 (1.0) 

Maternal IC admission n (%) 1 (0.9) 0 − 0 − 1 (1.0) 0 − 

Perinatal death n (%) 11 (10.3)* 0 − 0 − 0 − 6 (6.1) 

HDP in previous pregnancy† n (%) 16 (15.0)* ** 18 (27.3)* 26 (24.3)* 0 − 0 − 

HDP=hypertensive disorder in pregnancy; IC=intensive care. * after Bonferroni correction significantly different compared to women with a history of uncomplicated 
pregnancy. ** after Bonferroni correction significantly different compared to women with a history of preterm birth. † self-reported 



 

Table 4 shows the recall of early-onset preeclampsia, late-onset preeclampsia and 
gestational hypertension of all participants subdivided by diagnosis by medical record. The 
validity of the questionnaire to recall early-onset preeclampsia, late-onset preeclampsia 
and gestational hypertension is presented in Table 5. The sensitivity of recalling early-onset 
preeclampsia was 98.1% and specificity 94.2%. Late-onset preeclampsia was recalled with a 
sensitivity of 68.2% and specificity of 91.1%. Recall of gestational hypertension had a 
sensitivity of 29.0% and specificity of 97.9%.  

 
 
Table 4. Recall of different severities of HDP of all participants subdivided by diagnosis by medical record 

 Medical record 

Recall by questionnaire 

Preeclampsia 
<37 weeks 
n=107 

Preeclampsia 
≥37 weeks 
n=66 

Gestational 
hypertension 
n=107 

Uncomplicated 
pregnancy 
n=104 

Preterm birth 
 
n=99 

Preeclampsia <37 weeks 105 12 9 0 1 

Preeclampsia ≥37 weeks 1 45 36 0 0 

Gestational hypertension 1 6 31 0 1 

 
 
 
Table 5. Performance of maternal recall questionnaire for different severities of HDP 

  Sensitivity 95% CI Specificity 95% CI 

Preeclampsia <37 weeks % 98.1 (93.4−99.8) 94.2 (91.3−96.3) 

Preeclampsia ≥37 weeks % 68.2 (55.6−79.1) 91.1 (88.0−93.7) 

Gestational hypertension % 29.0 (20.6−38.5) 97.9 (95.9−99.1) 

CI=confidence interval 

 
  



 

Among women with preeclampsia in index pregnancy, 156/173 (90%) responded positively 
on the direct term ‘preeclampsia’ and 124/173 (72%) on the combination of descriptive 
terms ‘hypertension’ and ‘proteinuria’. Of the 173 previous preeclamptic women, 39 only 
reported the direct term and 7 women only reported the combination of descriptive terms. 
Ten women did neither recall the direct nor the descriptive terms.  
In logistic regression analysis, higher education was of negative influence on correct recall. 
Primiparity, lower gestational age and admission for HDP positively influenced correct 
maternal recall (Table 6). In multivariate analysis, only gestational age remained significant 
and lower gestational age was associated with correct maternal recall.  

 
 
Table 6. The influence of factors for the correct recall of different severities of HDP  

 Univariate analysis Multivariate analysis 

 Crude OR (95%CI) Adjusted OR (95%CI) 

At the time of the questionnaire     

Age 0.999 (0.953−1.048)   

Time post index pregnancy 1.024 (0.861−1.218)   

Education 0.614 (0.402−0.939) 0.641 (0.399−1.029) 

Hypertension † 1.099 (0.560−2.160)   

Using antihypertensive medication † 1.292 (0.640−2.611)   

Family history of hypertension † 1.238 (0.755−2.032)   

At the time of the index pregnancy     

Primiparous  1.933 (1.148−3.225) 1.486 (0.821−2.690) 

Gestational age 0.712 (0.639−0.793) 0.734 (0.658-0.819) 

Admission for HDP † 2.623 (1.561−4.409) 1.782 (0.983−3.229) 

HDP in previous pregnancy † 0.691 (0.374−1.275)   
† Self-reported data  

 

  



 

DISCUSSION  

Main Findings 

The ability of a questionnaire to assess different severities of HDP varied. The recall of 
women with a history of early-onset preeclampsia was highly accurate. Specificity for 
soliciting early-onset preeclampsia was also high in the control group of women with 
preterm birth in history. In women with late-onset preeclampsia recall was poor and in 
women with gestational hypertension very poor. 

Interpretation  

The sensitivity and specificity of maternal recall are important in research to assess 
associations between HDP and cardiovascular risk. Sensitivity and specificity of the 
questionnaire to solicit early-onset preeclampsia was highly accurate and even more 
accurate than research performed in women with severe preeclampsia (sensitivity 
83.0−92.0%, specificity 100%).17, 18 Severe preeclampsia included Haemolysis, Elevated Liver 
enzymes and Low Platelet count syndrome, systolic pressure ≥180 mm Hg or diastolic 
pressure ≥110 mm Hg, early induction and admission for preeclampsia, irrespective of 
gestational age. This may suggest that preterm delivery in women with early-onset 
preeclampsia might have influenced the impact of the situation and led to higher recall 
accuracy. The accurate recall of preterm delivery in the control group of women with 
preterm birth in history (98%) supports this suggestion.  
Sensitivity and specificity of soliciting late-onset preeclampsia was less accurate than 
previous studies querying overall preeclampsia (sensitivity 72.6−78.0%, specificity 
96.0−98.6%). 14, 16, 18, 19 In these studies gestational age was left out of consideration. When 
we repeated the analysis for only the confirmation of preeclampsia, the sensitivity 
increased from 68.2% to 86.4%. Indicating that not preeclampsia was recalled worse 
compared to other studies, but that gestational age was recalled as if they had early-onset 
preeclampsia. Gestational hypertension was recalled most inaccurate what is in line with 
previous observations. 14, 19, 20 Although, 42% of these participants recalled a preeclampsia 
and only 29% recalled a history without any HDP. The inaccurate recall is often ascribed to 
less severe disease, less sequelae and a lack of patient-physician communication. However, 
women with gestational hypertension often recalled the term preeclampsia and not the 
descriptive term hypertension so it might also be caused by a lack of uniform terminology. 
Women with previous preeclampsia were also less familiar with descriptive terms. This 
corresponded to previous research on which questions should be asked to solicit HDP. 14, 20-

22 The use of direct terms, like ‘preeclampsia’, lead to the highest recall accuracy, compared 
to the use of descriptive terms, like ‘proteinuria’. 
Women with previous late-onset preeclampsia often inaccurately recalled early-onset 
preeclampsia and women with gestational hypertension often recalled preeclampsia. Both 



 

are “incorrect” and cause “over-treatment” consisting counselling and cardiovascular risk 
assessment. In clinical practice this would be suitable to prevent CVD since these women, 
together with those with early-onset preeclampsia in history, face an increased 
cardiovascular risk later in life. Moreover, women without HPD in history did not recall a 
history of HPD. Therefore, clinicians could make use of a history of HPD in estimating 
cardiovascular risk for early identification of women at risk. 
We found that accurate recall was significantly influenced by gestational age: the shorter 
the gestational age, the better the recall. Women with shorter gestational age are more 
likely to have a complicated pregnancy including admission, administration of medication, 
caesarean section, premature child and extensive aftercare. This finding supports both 
theories that events with higher impact leads to higher accuracy in recall and that accurate 
recall relies on repeated and extensive patient-physician communication. Three other 
studies assessed factors that possibly modify the accuracy of maternal recall. 18, 19, 23 They 
found that multiparity and high educational level positively influenced recall and that 
chronic hypertension and preeclampsia in a previous pregnancy negatively influenced recall 
of HDP.18 We found unexpectedly contradictory results in univariate analyses for parity and 
education where primiparous women recalled more accurate than multiparous women and 
women with low/intermediate education recalled better than highly educated women. 
Women with multiple pregnancies might confuse recollections of different pregnancies. 
The effect of education cannot be explained other than the high percentage of highly 
educated women participated in the study. Both effects diminished after adjustment.  

Strengths and Limitations 

Previous research in the field of maternal recall of HDP stated that accurate recall in 
women with more severe disease may be influenced by other markers of disease severity 
like birth weight and preterm delivery. Our study is the first that included women with 
preterm birth in history without HDP to assess whether recall of HPD was influenced by 
preterm delivery. The distinction between early- and late-onset preeclampsia is highly 
valuable for clinical practice and risk assessment studies since both conditions precedes 
two different risk profiles for CVD later in life.  
Despite the relatively low response rates we recruited enough patients for each group, 
except for the group of late-onset preeclampsia. In the set time frame between 2006 and 
2011, there were not enough patients in the database that could be contacted to reach the 
calculated sample size. This can be explained by the tertiary character of our hospital where 
women with late-onset preeclampsia are more often treated in secondary hospitals. 
Predictive values could not be calculated since the prevalences in the study were not 
representative for the general population. By presenting the crude data in table 4, 
predictive values could be calculated with all preferred prevalences.  

  



 

CONCLUSION  
 
Early-onset preeclampsia can accurately be detected by a simple questionnaire 5 to 10 
years after pregnancy. The validity of detecting late-onset preeclampsia and gestational 
hypertension was too low for use in research. These last mentioned women often 
overstated their risk by recalling a more severe hypertensive disorder. In clinical practice 
this would be suitable to detect most women at risk. Future studies should focus on the 
implementation of using a history of HPD in cardiovascular risk assessment.  
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ABSTRACT 

Objective 

We studied the effect of communicating cardiovascular risk factors on intended healthy 
behavior in women with a history of preeclampsia or uncomplicated pregnancy.  

Methods 

Intention for healthy behavior was assessed before and after cardiovascular risk 
assessment. Changes were calculated for women with and without cardiovascular risk 
factors. 

Results 

In women with cardiovascular risk factors, the intention to quit smoking increased, whereas 
intended healthy diet and sufficient exercise did not change. In participants without risk 
factors, none of the healthy behaviors changed.    

Conclusion  

Communicating risk factors alone does not seem to be effective as an intervention to 
achieve lifestyle changes.   

 
  



 

INTRODUCTION 
 
Preeclampsia is a common and serious condition in pregnancy, affecting about one in 
fifteen pregnant women, and is a leading cause of maternal and neonatal morbidity and 
mortality 1. It has become evident that women who have had preeclampsia face an 
increased cardiovascular risk later in life 2,3. This is illustrated by the twofold increased risk 
of both hypertension and dying from overall cardiovascular disease 4. The risk is even 
higher in women who have had early onset preeclampsia, whose risk of dying from 
cardiovascular disease is increased nine fold compared to women without hypertensive 
disease in pregnancy 5. Cardiovascular disease is the leading cause of death in women in 
the Western world 6,7. Risk factors leading to cardiovascular disease can be successfully 
modified by lifestyle changes, also in women with previous preeclampsia 8,9. However, it is 
not clear how these women can best be motivated to change their lifestyle. Many express 
the intention to live a healthy postpartum lifestyle, but most fail to achieve this 10. In many 
health-promoting guidelines, like the Guidelines for the prevention of cardiovascular disease 
in women from the American Heart Association, the first step after the evaluation of risk 
factors is lifestyle recommendations 11. Guidelines mention the proven effectiveness of 
lifestyle interventions but most pass over the preceding step, i.e. how to motivate these 
women to change their health-related behavior.  
Two Cochrane reviews in the field of cardiovascular risk in relation to pregnancy disorders 
indicate the current lack of understanding of the relationship between the identification of 
future risk factors and the motivation to change behavior. The Cochrane review on Dietary 
advice in preventing gestational diabetes states that interventions should be based on 
“addressing potential risk factors” 12. A Cochrane review on Dietary advice for reducing 
cardiovascular risk suggests that “individuals found to be at high risk may have the 
motivation to make large changes” 13. Both statements encompass the idea that informing 
an individual about the presence of risk factors or the prevalence of high risk has a 
motivating effect, but literature supporting this assumption in the field of increased 
cardiovascular risk in women after pregnancy disorders is lacking. It is not clear what the 
effect of communicating risk factors is on the intention of these women to change to 
healthier behavior.  
In behavioral science, the Theory of Planned Behavior is a model used extensively to 
identify correlates and determinants of health-related behavior 14. According to the Theory 
of Planned Behavior, behavior is primarily determined by intention. Intention, in turn, is 
determined by attitude (positive or negative value of behavior), subjective norm (perceived 
judgement of significant others to perform behavior), and perceived behavioral control 
(perceived ease or difficulty in performing behavior). This model, with intention as the 
primary precursor of behavior, offers an opportunity to study the effect of communicating 
risk factors on the intention to change to healthier behavior.  



 

We examined the effect of communicating risk factors on intended healthy behavior with 
regard to cardiovascular risk. We studied this in a population of women where the potential 
gains of healthy behavior may be large, namely women who suffered preeclampsia and 
who are now in their fifth decade of life, when first signs of cardiovascular disease often 
start to occur. We hypothesized that these women who were informed about their 
increased risk of cardiovascular disease reported increased intention to change to healthier 
behavior compared to women who were informed that they did not have cardiovascular 
risk factors.   

METHODS 

Design and procedure 

This prospective survey study was embedded in a risk assessment study 15. The aim of the 
risk assessment study was to assess cardiovascular risk factors and to investigate diastolic 
function 9 to 16 years after delivery in women with a history of early-onset preeclampsia 
(blood pressure ≥140/90 mmHg, proteinuria ≥300 mg/l, delivery before 34 weeks of 
gestation) compared to women with an uncomplicated pregnancy history (blood pressure 
<140/90 mmHg, delivery ≥37 weeks of gestation). The risk assessment consisted of blood 
pressure measurement, anthropometrics, blood sampling, urine collection and cardiac 
ultrasound. Following informed consent, the first questionnaire on intended healthy 
behavior was sent to the women’s home addresses and filled out prior to the risk 
assessment in hospital. Two weeks after risk assessment, participants received written 
feedback on their cardiovascular risk factors (Table 1). Risk factors included smoking, intake 
of more than 2 units alcohol per day, BMI >25 kg/m2, waist circumference ≥88 cm, blood 
pressure measured ≥140 and/or ≥90 mmHg, abnormal laboratory result in blood and/or 
urine (lipids, glucose, HbA1c, glomerular filtration rate, NT-proBNP and microalbumin in 
urine), abnormal result in echocardiography and diastolic dysfunction. Echocardiography 
was communicated as abnormal for all abnormalities found by ultrasound that required 
referral to a cardiologist. Two weeks after receiving written feedback, participants were 
sent the second questionnaire on intended healthy behavior. 
This survey study was embedded after the risk assessment study was started. Therefore, 
the first 40 participants of the risk assessment study did not receive the questionnaires 
regarding intention to change their behavior. 
  
 
  



 

Table 1. Risk communication to participants 
 

Cardiovascular risk factor 
Feedback to participant 

Smoking 
Smoking cessation has always a positive effect on your health, but for most it is very difficult. Proper preparation 
and guidance increases the chance to stop successfully. More information can be found at www.rokeninfo.nl or 
discuss it with your general practitioner. 

Alcohol intake >2 units/day  
Do not drink more than 2 units of alcohol a day. Information on reducing or stopping drinking alcohol can be found 
at www.alcoholinfo.nl or discuss it with your general practitioner. 

BMI ≥25 kg/m2 and/or waist circumference >88 cm  
Reduce your weight to a BMI of 25 or lower and/or reduce your abdominal size to 88 cm or less. In your case, your 
BMI is 25 at ... kg. 
Rapid weight loss is discouraged because it is not healthy and most often weight increases again. Responsible 
weight loss is a good balance between nutrition and exercise. The advice is to exercise 30 minutes a day for at least 
5 days a week. Examples of exercise are cycling, firmly walking or gardening. Healthy nutrition means: 
• Restrict use of cream butter, hard margarines, fatty meat, dairy products and snacks 
• Eat 2 servings (100-150 gr) fish per week, of which at least 1 portion of fatty fish 
• Use 150 to 200 gr of vegetables daily and 2 pieces (200 gr) of fruit daily 
• Limit use of salt up to 6 gr daily; Do not add salt to food 
More information on healthy nutrition and healthy lifestyle can be found at www.voedingscentrum.nl and 
www.thuisarts.nl/gezonde-leefstijl. Your general practitioner can further inform you about additional guidance. 

Blood pressure ≥140/90 mmHg 
Repeat blood pressure measurement by your general practitioner. If blood pressure is increased again, it may be 
necessary to use medication to lower your blood pressure. 

Abnormal result in laboratory 
We have found an abnormal result in blood and/or urine analysis. The results have been submitted to your general 
practitioner. Our advice is to make an appointment with your general practitioner to discuss the results. 

Abnormal result in cardiac ultrasound 
We have found an abnormal result in cardiac ultrasound. The results have been submitted to your general 
practitioner. Our advice is to make an appointment with your general practitioner to be referred to a cardiologist. 

Diastolic dysfunction 
We have found an abnormal result in cardiac ultrasound. This finding, diastolic dysfunction, has been found at an 
early stage: it is not yet a disease and does not need to be treated yet. Your heart muscle is stiffer compared to 
others. Because the heart is stiffer, it has more difficulty to relax and to fill with blood. This stadium does not give 
complaints. If the heart becomes stiffer over time, it can lead to complaints of shortness of breath.  
In case of BMI <25 kg/m2:  
To assess whether the heart muscle becomes stiffer, repeat the ultrasound in 3 years.  
In case of BMI ≥25 kg/m2:  
Overweight is an important cause of stiffening of the heart. Therefore, reduce your weight to a BMI of 25 or lower.  

BMI = body mass index 



 

Participants 

Following the risk assessment, two groups were distinguished: women who did not have 
cardiovascular risk factors at risk assessment and those who had one or more risk factors. 
Women who had a history of early-onset preeclampsia were informed in the invitation 
letter about their a priori increased cardiovascular risk due to former preeclampsia. The 
control group, women with an uncomplicated pregnancy history, did not receive 
information about their a priori cardiovascular risk. Because of this discrepancy, a subgroup 
was made of women who did not have risk factors in risk assessment, but who were 
informed about their increased cardiovascular risk due to their history of early-onset 
preeclampsia. 

Survey 

The questionnaire concerned three healthy lifestyle behaviors: healthy diet, sufficient 
exercise and smoking cessation for smoking participants. Intention, as a proxy for actual 
behavior, was assessed by a set of three questions per behavior and had to be scored on a 
five-point Likert scale.  

• Are you willing to perform the behavior? 
• How likely or unlikely is it that you will perform the behavior? 
• How confident are you that you will perform the behavior?   

Statistical analysis 

A sample size calculation could not be made since this survey study was incorporated in a 
risk assessment study.  
The primary outcome measure was the difference in intended healthy behavior before and 
after cardiovascular risk assessment, per healthy lifestyle behavior, for women who did not 
have cardiovascular risk factors at risk assessment and women who had one or more risk 
factors. These differences were calculated with the mean of the three intention questions 
before risk assessment and the mean of the three intention questions after risk 
assessment, per healthy lifestyle behavior, using the Wilcoxon signed rank test.  
Characteristics of women who did not have cardiovascular risk factors at risk assessment 
and women who had one or more risk factors were reported as means with standard 
deviations for normally distributed data, as medians with interquartile ranges for not 
normally distributed data and as percentages for categorical data. Differences were 
assessed by unpaired Student’s t-test, Mann-Whitney U test and Fisher’s exact test where 
appropriate. Cronbach’s alpha was calculated to check the internal consistency of the 
composite outcome score on intended healthy behavior. 
Secondary, multivariate linear regression analyses were used to study the effect of 
variables including a pregnancy history of early-onset preeclampsia or uncomplicated 



 

pregnancy and which cardiovascular risk factors were reported as abnormal, on the delta of 
intended healthy behavior, per healthy lifestyle behavior. Deltas were calculated as mean 
intention after risk assessment minus mean intention before risk assessment. Significance 
was set at a p-value of 0.05. Data were analyzed using SPSS 22 software (Chicago, IL). 

 

RESULTS 
 
The questionnaire on intended healthy behavior before risk assessment was received by 
147 women. In total, 147 participants filled out the questionnaire before risk assessment 
(100%) and 107 filled out the questionnaire after risk assessment (73%). Of all the 
participants, 30 women did not have cardiovascular risk factors and 117 women had one or 
more risk factors at risk assessment (Table 2). The subgroup of women without risk factors, 
but with increased cardiovascular risk due to early-onset preeclampsia in their history, 
consisted of 18 women. Pregnancy history, age, time post index pregnancy, ethnicity, 
educational level and exercise were comparable between the groups. Women without risk 
factors had lower BMI compared to women with one or more risk factors (22.1 [20.3-23.4] 
vs. 26.3 [23.1-28.7] kg/m2, p <0.001). The difference persisted for the subgroup without risk 
factors but with a history of preeclampsia compared to women with one or more risk 
factors (22.2 [20.6-23.4] vs. 26.3 [23.1-28.7] kg/m2, p <0.001).  
In women who were informed that they did not have cardiovascular risk factors at risk 
assessment, no change was identified in the intention to engage in any of the three healthy 
lifestyle behaviors (Table 3). In women who were informed that they had one or more risk 
factors at risk assessment, only the intention to stop smoking increased (before 2.89 ±1.12 
vs. after 3.47 ±0.91, p 0.007). In the subgroup of women without risk factors, but with 
increased cardiovascular risk due to early-onset preeclampsia in their history (n=18), 
change was neither identified in intended healthy diet (before 3.20 ±1.35 vs. after 3.50 
±1.10, p=0.250) nor in intended sufficient exercise (before 3.40 ±1.08 vs. after 3.53 ±0.69, 
p=0.719).  
Multivariate regression analysis demonstrated in women who had cardiovascular risk 
factors that communicating the ‘diastolic dysfunction’ risk factor was of significant 
influence on the delta of intended healthy diet, β -0.665 (-1.211, -0.119) p=0.018. Analysis 
also showed in these women that the communication of the ‘high blood pressure’ risk 
factor was of significant influence on the delta of intended smoking cessation, β 1.256 
(0.394, 2.119) p=0.008. A pregnancy history of early-onset preeclampsia had no influence 
on intended healthy behavior, neither in women with nor in women without cardiovascular 
risk factors.  

 
 



 

Table 2. Characteristics of participants with and without risk factors at cardiovascular risk assessment 
 

Characteristics  

 
No risk factors in risk 
assessment  
n=30 

≥1 risk factors in risk 
assessment 
n=117 p-value 

Early-onset preeclampsia in history n (%) 18 (60.0) 76 (65.0) 0.672 

Age, years mean ±SD 45.5 ±4.6 45.6 ±5.6 0.928 

Post index pregnancy, years mean ±SD 13.8 ±2.4 14.0 ±2.1 0.652 

Caucasian n (%) 28 (93.3) 100 (85.5) 0.365 

Educational level, high n (%) 16 (53.3) 48 (41.0) 0.293 

BMI, kg/m2 median [IQR] 22.1 [20.3-23.4] 26.3 [23.1-28.7] <0.001 

Exercise, hours/week median [IQR] 5.0 [4.0-8.3] 4.0 [2.5-7.0] 0.052 

Cigarettes, number/day median [IQR] −  10 [6-15] − 

Risk factors        

Smoking n (%) −  27 (23.1) − 

Alcohol >2 units/day n (%) −  3 (2.6) − 

BMI >25 kg/m2 n (%) −  75 (64.1) − 

Waist circumference ≥88 cm n (%) −  28 (23.9) − 

Blood pressure ≥140/90 mmHg n (%) −  39 (33.3) − 

Abnormal result blood/urine  n (%) −  68 (58.1) − 

Abnormal result echocardiography n (%) −  20 (17.1) − 

Diastolic dysfunction n (%) −  16 (13.7) − 

BMI = body mass index 

  



 

Table 3. Intended healthy behavior before and after cardiovascular risk assessment 

Intention was scored on a five-point Likert scale. CI=confidence interval 

  

Participants with and without 
risk factors per behavior 

Intention before 
risk assessment 

Intention after  
risk assessment 

Mean 
difference 

 
95% CI 

 
p-value 

Healthy diet         

No risk factors  n=26 2.96 ±1.35 3.17 ±1.10 0.21 (-0.65−1.06) 0.488 

≥1 risk factors  n=87 3.51 ±1.17 3.83 ±1.09 0.32 (-0.07−0.70) 0.057 

Sufficient exercise         

No risk factors  n=26 2.96 ±1.36 3.15 ±1.02 0.19 (-0.65−1.04) 0.418 

≥1 risk factors  n=86 3.40 ±1.17 3.44 ±1.08 0.04 (-0.35−0.42) 0.784 

Smoking cessation        

No risk factors  − −  −  − − − 

≥1 risk factors  n=17 3.08 ±1.19 3.47 ±0.91 0.39 (-0.40−1.18) 0.007 



 

DISCUSSION 
 
In view of the lack of studies supporting the assumption that it is motivating for an 
individual to be informed about the presence of risk factors, we examined this assumption 
in the field of increased cardiovascular risk in women following pregnancy disorders. Based 
on this assumption, many health care professionals communicate risk factors in the hope 
this will motivate their patients to improve their health-related behavior. In this survey 
study, we studied the effect of communicating risk factors on intended healthy behavior in 
women who face an increased cardiovascular risk after preeclampsia. Our results indicated 
that communicating the presence or absence of cardiovascular risk factors in these high-
risk women had no effect on the intention to change to a healthier diet or the intention to 
change to adequate exercise levels. Communicating the presence of risk factors only 
affected the intention to stop smoking. Nor did having a history of early-onset preeclampsia 
or uncomplicated pregnancy affect the intention to change to healthier behavior. Our 
hypothesis that informing women about present cardiovascular risk factors would lead to 
an increased intention to change to healthier behavior compared to women who were 
informed that they did not have cardiovascular risk factors is not supported by our data. 
Our findings therefore challenge the assumption that communicating individually targeted 
risk factors would be motivational.  
A reason for the lack of change in intention to change healthy behavior after receiving a 
personalized cardiovascular risk profile may be that people need additional guidance. 
According to the precaution adoption process model (PAPM), a model used in behavioral 
science, people need practical information to actually make behavioral changes 16. This is in 
line with a review by Artinian et al. on interventions to promote lifestyle changes to reduce 
cardiovascular risk factors 17. The authors stated that behavior change interventions should 
essentially be based on cognitive-behavioral strategies. These strategies contain such 
elements as setting specific tailor-made behavioral goals; self-monitoring to increase the 
individual’s awareness and to identify the barriers to the healthy behavior; feedback by the 
healthcare provider on the performance of the healthy behavior; and scheduled follow-up. 
An assessment of cardiovascular risk factors determines who is at risk and needs further 
intervention, but is not part of the intervention itself. 
Further research is needed to investigate what interventions that promote lifestyle changes 
to reduce cardiovascular risk at what time after pregnancy are most effective in women 
after complicated pregnancies. These interventions have great potential because 
complicated pregnancy disorders are common, and given the relatively young age of 
pregnant women, intervention can potentially be started early.  
In this study, the use of the Theory of Planned Behavior was suitable as a first step to study 
intention for healthy behavior rather than actual measured behavior. Studying intended 



 

behavior remains a proxy for actual behavior, but was for the purposes of this study 
nonetheless appropriate since it has proven to be a good predictor of behavior. Future 
research can use other parts of the Theory of Planned Behavior model to uncover new 
clues for effective interventions. Investigating three types of healthy behavior was a 
strength of this study because it enabled the researchers to study whether communicating 
risk factors had an effect on overall healthy behavior or only on specific healthy behaviors.  
A limitation of the study was that this survey study was incorporated in a risk assessment 
study and we therefore did not have the opportunity to adjust the sample size but were 
limited by the available number of participants. To enable assessment of the clinical 
relevance of the intention before and after risk assessment we have presented the mean 
differences with 95% confidence intervals. A further factor was that participants received 
risk information in written form. Communicating risk factors in a personal discussion might 
have a different effect. Another possible limitation was that the second questionnaire on 
intended healthy behavior was sent two weeks after the participants were informed about 
present or absent risk factors. This relatively short interval might overstate the observed 
effect because it was still fresh in the memory of the participants. Asking someone’s 
intention to engage in particular behavior might also influence the observed effect because 
participants might have overestimated themselves or might have given a socially desirable 
response. Moreover, the 73% that filled out the second questionnaire might have been the 
most motivated part.  
In conclusion, communicating risk factors in women who face an increased cardiovascular 
risk after preeclampsia does not seem to be effective as a stand-alone intervention.   
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ABSTRACT  
 

Objective 

To reduce cardiovascular risk after preeclampsia, we investigated the effect of framing, the 
perceived probability and its interaction, on the willingness to modify behavior. 

Methods 

Participants scored their willingness to modify behavior on two cases with different 
probabilities of developing cardiovascular disease. Both cases were either presented as 
‘chance of health’ or ‘risk of disease’.  

Results 

165 questionnaires were analyzed. ANOVA revealed a significant effect of probability, non-
significant effect of framing and a non-significant interaction between probability and 
framing.  

Conclusion 

Perceived probability influences willingness to modify behavior to reduce cardiovascular 
risk after preeclampsia; framing and the interaction was not of influence.  

 
 

  



 

INTRODUCTION 
 
By changing lifestyle, millions of people worldwide can lower the risk of developing a 
chronic disease thus reducing individual patient harm and high economic burden. 
Motivating patients to modify their lifestyle is difficult and literature is not clear about what 
the most effective way is to communicate this. Framing appears to play an important role in 
clinical practice, and is described as presenting logically equivalent choice situations in 
different ways 1. In promoting healthy lifestyle, it has been demonstrated that even subtle 
differences in message framing can affect health-related behavior 2-4. For example, in a 
study investigating walking behavior in elderly people positive framing (information about 
the benefits of walking) was found to be more effective in promoting walking than negative 
framing (information about consequences of failing to walk)5. Another important factor 
influencing people’s motivation to modify behavior is the perceived probability of 
developing a disease 6. When confronted with a perceived high risk, people are more willing 
to modify their behavior than when the risk is perceived as low. This effect of perceived 
probability may result from the way in which probability is framed, next to a direct effect of 
risk severity. Moreover, it is not known to what extent these two variables, framing and 
probability, interact.  
This phenomenon can also be seen after preeclampsia, a pregnancy specific condition 
affecting 3-5% of pregnancies, where the increased cardiovascular risk after preeclampsia is 
now well-recognized7. Women with preeclampsia can be located on a range of high to low 
probability of developing cardiovascular disease (CVD), where women with early-onset 
preeclampsia have a greater risk than women with late-onset preeclampsia 8,9. CVD is the 
main cause of death of women in the Western world 10,11. Therefore, preeclampsia can be 
seen as a warning sign indicating women they need to take preventive actions. Risk factors 
leading to CVD can be successfully modified by lifestyle changes 12, also in women with a 
history of preeclampsia 13. Many women express that they intend to live a healthy 
postpartum lifestyle, but generally fail to achieve it 14. 
The aim of the paper was to investigate the effect of framing, perceived probability, and it’s 
interaction in the specific field of cardiovascular risk after preeclampsia. The question asked 
was, is framing information presented as a health score (chance to stay healthy) more 
effective in modifying behavior than a risk score (risk to develop a disease) and does the 
perceived probability of developing CVD influence this? 

 
  



 

METHODS 
 
Due to the experimental nature of this study, women who experienced preeclampsia could 
not be asked to assess a case of both high and low probability of developing CVD. 
Therefore, female obstetrics & gynecology (O&G) nurses were chosen as participants 
because of their representation of women in fertile life stage and because of their 
acquaintance with preeclampsia. After consent, questionnaires were sent to head nurses in 
12 hospitals. The questionnaires were distributed. However, a response rate could not be 
calculated, as the amount of potential participants who declined were not recorded. 
A questionnaire with four versions was constructed and randomly distributed (table 1). All 
versions described the same two hypothetical scenarios: a case with mild preeclampsia and 
a case with severe preeclampsia, representing low probability of developing CVD and high 
probability of developing CVD respectively. In half of the versions both cases were framed in 
health score (for example in the mild case: 85% chance to stay healthy). In the other half of 
the versions both cases were framed in risk score (in mild case: 15% risk to develop CVD). 
‘Order effect’ is bias caused by the order in which cases are presented. To exclude this bias, 
the order of presenting the cases was alternated, resulting in four different versions of the 
questionnaire.  
 
For both cases, willingness to modify behavior was the outcome measure and had to be 
scored on a 7-point Likert scale. Behavior was subdivided in physical activity, healthy diet 
and annual blood pressure checkup. The mean of three scores was used as the primary 
outcomes measure on willingness to modify behavior. Cronbach’s α was used for the 
reliability of the questionnaire and Pearson’s chi-square to examine the effect of order. Two-
way independent ANOVA was used to calculate the effect of framing and probability on the 
willingness to modify behavior and to assess their interaction.  

 
 
 
  



 

Table 1: Clarification of versions questionnaire 
 

Mild ─ Severe Severe ─ Mild

Health score

Risk score

Order of cases

Framing

Version 1 Version 2

Version 3 Version 4

85% ─ 70%

15% ─ 30%

70% ─ 85%

30% ─ 15%

 
 
Percentages as used in the hypothetical scenarios. 
Mild = case with mild preeclampsia, low probability of developing CVD;  
Severe = case with severe preeclampsia, high probability of developing CVD;  
Health score = chance to stay healthy (%);  
Risk score = risk to develop CVD (%).  

 
 

RESULTS 
 
In total, 177 O&G nurses responded. Twelve were excluded due to incomplete 
questionnaire answers. The 165 nurses had a median age of 40 (Q1–Q3: 31-50), 67.9% of 
them had children. The questionnaire was found to be reliable (3 items; Cronbach’s α=.79). 
Since there was no association between the order of cases and willingness to modify 
behavior χ2,16.98, p 0.53, we excluded ‘order’ as a variable in analysis.  
Analysis of variance (ANOVA) revealed a significant effect of probability on willingness to 
modify behavior, F(3,287)=11.12, p 0.001. There was a non-significant effect of framing, 
F(3,287)=1.932, p 0.166, and a non-significant interaction between probability and framing 
on the outcome F(3,287)=0.592, p 0.442.  

 

DISCUSSION 
 
In this questionnaire study we investigated the effect of framing, an unfamiliar concept for 
many clinicians, on the willingness to modify behavior after preeclampsia and its interaction 
with the perceived probability of developing CVD. The perceived probability of developing 
CVD was of significant influence on the willingness to modify behavior. This is in line with 



 

the Health Belief Model: the greater the perceived risk, the greater the likelihood of 
behavior modification to decrease that risk 15.  
Our findings did not show an effect of framing in communicating CVD information as 
‘chance of health’ versus ‘risk of disease’ on willingness to modify behavior. This finding is in 
contrast with a seminal paper on the effects of framing in healthcare that reported a 
significant effect of survival frame versus mortality frame. Participants were more likely to 
choose the surgical option (instead of radiation) when the outcomes of treatments were 
positively framed 3. In contrast to our study, survival or mortality represent absolute 
outcomes. In our study the outcomes were more gradual, high and low probability to 
develop CVD. This less distinct difference might explain the smaller effect of framing. 
A strength of our study is that we examined distinct effects of framing, perceived probability 
and the interaction between these factors. This is relevant because it helped to uncover 
that the influence of perceived probability is not affected by the way in which 
cardiovascular risk is framed. This means that the effect framing found in other domains is 
not relevant when motivating women to modify their behavior to reduce risk of CVD. 
However, generalizing these results to the overall population should be done with caution 
because of our study population. Using O&G nurses made this study possible because it 
allowed us to study different probabilities of developing CVD per participant. The results 
might be influenced by the knowledge of qualified nurses and fictional disease perception 
instead of real disease perception of patients. The inability to calculate the response rate 
might have resulted in sampling bias. 
In conclusion, whereas probability of disease does affect willingness to modify behavior to 
decrease cardiovascular risk after preeclampsia, framing information in health score or risk 
score did not. This strengthens the notion that the perceived risk of developing a condition 
is a motivator that could be used in practice, but framing this probability as a risk or health 
score has no impact. Further research is needed to explore the potential use of framing in 
other clinical areas in the field of obstetrics and gynecology.  
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Chapter 9 
General discussion 
  



 

In this thesis we present studies concerning cardiovascular risk in women with a history of 
early-onset preeclampsia, to improve healthy aging in these high-risk women. First, we 
identified with a risk assessment that these women had major cardiovascular risk factors, 
increased prevalence of preclinical diastolic dysfunction, but that cardiovascular diseases 
had not yet developed in the fifth decade of life. We investigated this because these 
women might benefit from interventions to reduce their risk of cardiovascular disease. 
Screening with this in mind makes most sense when cardiovascular disease has not already 
developed. Secondly, we have studied biomarkers potentially reflecting common 
pathophysiology between preeclampsia and, the ‘female specific’, heart failure with 
preserved ejection fraction (HFpEF). These biomarkers help to understand, in part, why 
cardiovascular risk is increased after preeclampsia and may be used for future screening. 
Thirdly, we have investigated whether maternal recall can be used in assessing a history of 
a hypertensive pregnancy disorder for risk estimation later in life. Finally, we studied the 
effect of communicating risk factors to women with a history of preeclampsia, whether it 
had an effect on their willingness to change to a healthier lifestyle.  
The research in this thesis addresses several questions. The findings will be discussed in 
light of these four questions.  

QUESTION 1: 
Can we detect increased cardiovascular risk in women with a history of 
early-onset preeclampsia, already in the fifth decade of life? 
 
As described in chapter 3, women with a history of early-onset preeclampsia who were in 
the fifth decade of life, had high rates of cardiovascular risk factors but cardiovascular 
diseases had not yet developed.1 As a result, they might still benefit from interventions 
preventing cardiovascular disease. We have found that 38.2% of women with a history of 
early-onset preeclampsia had hypertension and 16.8% had metabolic syndrome, at an 
average age of 44 years (SD ± 5.6). Hypertension and metabolic syndrome can therefore be 
targets of secondary prevention in these women. In general, hypertension is the most 
important modifiable risk factor for cardiovascular disease, being more common than 
cigarette smoking, dyslipidemia, or diabetes, which are the other major risk factors.2 When 
we compare the prevalence of hypertension found in our and other studies in women with 
a history of early-onset preeclampsia, there is an increase of hypertension with age (Figure 
1). Lower rates of hypertension were found in studies investigating women with early-onset 
preeclampsia in the first year after pregnancy.3,4 These women with a mean age of 31 
however, have a higher prevalence of hypertension than women of 40-49 years old in the 
general population. Drost et al. found a comparable prevalence of hypertension to our 
study, at a mean age of 39 years (SD ± 4.9).5 The hypertension rate in our participants with 
a history of early-onset preeclampsia, was comparable with that of Dutch females between 



 

50-59 years old.6 So, women with early-onset preeclampsia seemed to have a 
cardiovascular state comparable to women at least ten years older. This finding is in line 
with the study of Heida et al. who found that the mean age of onset of chronic 
hypertension, assessed by questionnaire, after a hypertensive pregnancy disorder was 43.5 
years compared to 51.2 years after a normotensive pregnancy.7 In this study all 
hypertensive pregnancy disorders were analyzed as one entity, suggesting an even younger 
age of onset for women with a history of early-onset preeclampsia.  
 
 

 
Figure 1. Prevalence of hypertension found in different studies concerning women with a history of early-onset 
preeclampsia and prevalence in the general population. Age presented as means (studies) and range (general 
population).  

 
Metabolic syndrome, a combination of significant cardiovascular risk factors, is also 
investigated in women with a history of early-onset preeclampsia. In different phases of 
life, at an age of 31 years (SD ±4.5) and 39 years (SD ± 4.9), the observed prevalence of 
metabolic syndrome was similar to our observation with an average age of 44 years (SD ± 
5.6) (15.2%, 18% and 16.8% respectively) (Figure 2).3,5 In contrast to our study, Hermes et 
al. investigated women with late-onset preeclampsia (>36 weeks of gestation) together 
with women with term gestational hypertension, aged 34 years (SD ±5.2), and found a 
prevalence of 25%, what was higher than in our population.8 Veerbeek et al. analyzed the 
population of Hermes separately and found similar prevalence rates of metabolic syndrome 

Age (years) 



 

in late-onset preeclampsia and gestational hypertension.9 These findings suggest that 
metabolic syndrome is increased in women with a history of hypertensive pregnancy 
disorder, irrespective of the severity of the condition and irrespective of women’s age in 
the premenopausal range.  
 

 
Figure 2. Prevalence of metabolic syndrome found in studies concerning different types of hypertensive pregnancy 
disorders. Age presented as means.  

 
Besides cardiovascular risk factors we have found in chapter 5 that women in the fifth 
decade of life, with a history of early-onset preeclampsia, had worse diastolic function of 
the left ventricle and higher prevalence of preclinical diastolic dysfunction compared to 
women with a history of uncomplicated pregnancy. These findings persisted after 
correction for cardiovascular risk factors such as age, smoking, blood pressure, BMI and 
educational level. Worse diastolic function coincided with higher plasma levels of IL-6 and 
sICAM-1, which respectively reflected systemic inflammation and endothelial activation. 
We did not observe patients who had evolved to clinically overt heart failure as evident 
from the comparable NT-proBNP values. The risk for evolution from preclinical diastolic 
dysfunction to clinically overt heart failure with preserved ejection fraction (HFpEF), 
however, is substantial and estimated at 11.6% over a three year time span.10 Studies are 
lacking about the prevention of progression of diastolic dysfunction to HFpEF.11 The 
treatment of diastolic dysfunction is now tailored to underlying cardiovascular 



 

comorbidities, including hypertension, metabolic syndrome, diabetes, hyperlipidemia, 
coronary artery disease and peripheral vascular disease.12 The fact that we did not find 
participants with overt HFpEF probably resulted from the limited time span of postpartum 
follow-up. Women who participated in our study were relatively young, while the incidence 
of overt heart failure rises steeply over each successive decade of life.13  

Conclusion 

Guidelines concerning cardiovascular health in women mention the increased 
cardiovascular risk after hypertensive pregnancy disorders, but well-founded 
recommendations for when to start screening and prevention are lacking.14-16 The 
American Heart Association (AHA) recommends to evaluate a history of preeclampsia in all 
women starting 6 months to 1 year postpartum, as well as those who are past childbearing 
age, and to evaluate and treat for cardiovascular risk factors including hypertension, 
obesity, smoking, and dyslipidemia. In the AHA guideline specifically for ‘The prevention of 
cardiovascular disease in women’, it is recommended that healthcare professionals who 
meet women for the first time later in their lives should take a detailed history of pregnancy 
complications including preeclampsia, gestational diabetes, preterm birth or birth of an 
infant small for gestational age. These women should be evaluated for cardiovascular risk 
factors, and provided with lifestyle recommendations. The Dutch guideline 'Cardiovascular 
risk management after reproductive and pregnancy-related disorders' recommends that 
women with a history of preeclampsia should undergo a cardiovascular risk assessment at 
the age of 50, but choosing the age of 50 was a pragmatic choice rather than scientifically 
founded.16  
Wilson and Jungner set up criteria, already in 1968, that are still used as ‘classic principles 
for screening’.17 Before screening can be implemented several conditions need to be met. 
One of those criteria is that there should be a recognizable latent or early symptomatic 
stage. Our results suggest that there is already an early symptomatic stage in the fifth 
decade of life, between 40 and 50 years.  When cardiovascular risk assessment is 
recommended in these high-risk women, it might therefore be opportune already in the 
fifth decade of life.  

Limitations and future research 

Another criterion that should be met before screening could be implemented, is that there 
should be an accepted treatment for patients with recognized disease. In this specific 
patient group, of women with a history of early-onset preeclampsia, more research is 
needed to determine if preventive measures can indeed reduce the development of 
cardiovascular disease. For example, reduction of blood pressure is proven to be beneficial 
to reduce cardiovascular events in all ages in the general population, but these 
interventions are not examined specifically in women with a history of preeclampsia.18 



 

Lifestyle interventions (diet, exercise, smoking cessation, alcohol intake reduction) have 
been studied in the general population and in postpartum women, but not in women with a 
history of preeclampsia. Current focus of lifestyle intervention studies in postpartum 
women was on the first year postpartum.19 However, long-term effects studies should also 
focus on women in the fourth and fifth decade of life, when first signs of cardiovascular 
disease are expected to occur. 
Wilson and Jungner also describe that there should be a suitable test or examination. 
According to our findings a cardiovascular risk assessment should at least include 
measurement of blood pressure, BMI, waist circumference, HDL, triglycerides and HbA1c as 
these parameters were significantly increased in women with a history of early-onset 
preeclampsia compared to women with an uncomplicated pregnancy. These measures, 
except for HbA1c, correspond to the measures advised to perform in cardiovascular risk 
estimation in the Dutch guideline for cardiovascular risk management. Future research 
should focus on what assessment is needed in these women, and whether the assessment 
is cost-effective.  
 
Next to screening, the pathophysiology of diastolic dysfunction found in our patients would 
be interesting for future studies. The increased prevalence of preclinical diastolic 
dysfunction found in women with a history of early-onset preeclampsia, raises the question 
if preeclampsia leads to a distinct cardiac phenotype. Future comparison between women 
with and without a history of preeclampsia could be the subject of future longitudinal 
follow-up of the current cohorts. 

QUESTION 2: 
Can we better understand the increased cardiovascular risk after 
preeclampsia? 
 
Whether preeclampsia is a risk factor for cardiovascular disease, or that both are 
expressions of disturbance in endothelial function, remains unclear.20 To be able to better 
understand the increased cardiovascular risk after preeclampsia, we have searched in 
chapter 4 for biomarkers reflecting common pathophysiology between preeclampsia and 
the ‘female specific’ HFpEF.21 Ten biomarkers discriminated not only women with HFpEF 
from women without HFpEF, but also women with preeclampsia from women with 
uncomplicated pregnancies: c-reactive protein (CRP), high density lipoprotein (HDL), 
insulin, fatty acid-binding protein 4 (FABP4), brain natriuretic peptide (BNP), NTproBNP, 
adrenomedullin (ADM), mid-region pro ADM (MRproADM), cardiac troponin I (c-Tn1) and 
cancer antigen 125  (CA-125).  
CRP appeared the biomarker best able to discriminate women with preeclampsia from 
women with uncomplicated pregnancies, and to differentiate between preeclampsia 



 

severity subgroups. These findings accentuate the role of inflammation in both women with 
HFpEF and preeclampsia. Other biomarkers that reflected the inflammatory component of 
HFpEF are IL-6, TNF-α, interleukin receptors and pentraxin 3. 22-27  Unfortunately, these 
studies did not specify results by gender and therefore we could not interpret these 
findings for women. In our risk assessment study in chapter 5, IL-6, TNF-α and high sensitive 
CRP (hs-CRP) were measured in participants 9-16 years after early-onset preeclampsia or 
uncomplicated pregnancy.  IL-6 was increased in women with a history of preeclampsia and 
coincided with worse diastolic function. TNF- and hs-CRP were comparable between both 
groups.  
HDL levels were both lower in women with preeclampsia and in women with HFpEF 
compared to controls. HDL protects against atherosclerosis with anti-inflammation, anti-
thrombosis, immunomodulation, maintenance of endothelial function and less oxidation of 
low-density lipoprotein.28 The lower levels in both preeclampsia and HFpEF show therefore 
a shared pathophysiology with inflammation, thrombosis and endothelial dysfunction. The 
mediating effect of FABP4 between lipid metabolism and inflammation has impact on 
disease conditions such as metabolic syndrome, insulin resistance and atherosclerosis.29 
The increased levels of FABP4 in both preeclampsia and HFpEF accentuate again the shared 
underlying mechanisms. BNP and NTproBNP levels were higher in women with 
preeclampsia compared to healthy pregnant women. The absolute difference in BNP levels 
between preeclampsia and controls was smaller than between HFpEF and controls, 
suggesting a more subtle role for BNP in preeclampsia than in HFpEF. The still elevated BNP 
and NTproBNP levels in preeclampsia however, indicate similar cardiac overstretching in 
preeclampsia as in diastolic heart failure. Elevated c-Tn1 levels in preeclampsia are 
suggestive of direct cardiomyocyte damage, whereas elevated BNP, NTproBNP, ADM and 
MRproADM levels in preeclampsia suggest a compensatory mode in hypertensive 
pregnancy to protect the cardiovascular system from any further damage.30-33 CA-125 is a 
marker used for detection and clinical follow-up of several malignant and non-malignant 
serosal pathologies.34,35The pathophysiology for CA-125 elevation in both preeclampsia and 
heart failure is difficult to address because a great variety of cell types produces CA-125.36 

Conclusion 

Biomarkers that are expressed later in life in women with HFpEF, are also expressed during 
pregnancies when it’s complicated by preeclampsia. These biomarkers show that both 
preeclampsia and HFpEF may the result from a shared underlying mechanism with 
characteristics of metabolic syndrome, elevated inflammatory state, endothelial 
dysfunction and atherosclerosis.  



 

Limitations and future research 

Longitudinal research is necessary to learn more about the course of representative 
biomarker levels over time and about the relation with development of cardiovascular 
diseases. These biomarkers have potential for future implementation in cardiovascular risk 
screening in women at risk after preeclampsia, but further research is needed to explore 
the possibilities. This screening would have to include multiple biomarkers representing a 
variety of pathogenic pathways as described above.  
In this study we investigated the relation between preeclampsia and HFpEF in women, but 
it would be interesting to investigate whether other typical female cardiovascular diseases, 
such as cerebrovascular accident, thromboembolism, and myocardial infarction at 
advanced age, are linked to preeclampsia through the same pathophysiological pathways 
as we found.  

QUESTION 3: 
Can maternal recall be used to assess a history of a hypertensive pregnancy 
disorder in cardiovascular risk estimation? 
 
Early identification of women with increased cardiovascular risk creates an opportunity for 
early intervention and preventive strategies. Since hypertensive pregnancy disorders are 
related to increased cardiovascular risk, this can be used in risk estimation later in life. 
Obtaining medical records, however, can be difficult years after pregnancy and therefore 
the physician often has to rely on women’s ability to accurately recall a history of 
hypertensive pregnancy disorders. It is also important that women can specify early-onset 
preeclampsia, late-onset preeclampsia and gestational hypertension because of the 
disproportionate cardiovascular risk. We have found in chapter 6 that recall of women with 
a history of early-onset preeclampsia was highly accurate. These women recalled more 
accurately than previous studies performed in women with severe features of 
preeclampsia, such as HELLP syndrome, systolic pressure ≥180 mm Hg or diastolic pressure 
≥110 mm Hg, early induction and admission for preeclampsia, irrespective of gestational 
age.37,38 This suggests that the preterm delivery in women with early-onset preeclampsia 
might have influenced the impact of the situation and led to higher recall accuracy. In 
women with a history of late-onset preeclampsia recall was poor and in women with a 
history gestational hypertension very poor. Women with late-onset preeclampsia who 
recalled incorrectly, recalled early-onset preeclampsia, and of the women with gestational 
hypertension 42% recalled preeclampsia and only 29% recalled a history without any 
hypertensive pregnancy disorder. Both are “incorrect” and “false positive”, what results in 
counselling and cardiovascular risk assessment. In clinical practice this would be suitable to 
detect most women at risk, since these women, together with those with early-onset 



 

preeclampsia in history, face an increased cardiovascular risk later in life. Moreover, 
women without hypertensive pregnancy disorders in history did not recall a history of a 
hypertensive pregnancy disorder. Therefore, clinicians could make use of a history of 
hypertensive pregnancy disorder to assess who should be screened for cardiovascular risk 
factors. 

Conclusion  

We would suggest that, when medical records are lacking, maternal recall can be used to 
assess if there were hypertensive pregnancy disorders to estimate a priori cardiovascular 
risk. 
The highest recall accuracy was achieved by the use of direct terms like ‘preeclampsia’, 
compared to the use of descriptive terms, like ‘proteinuria’. This corresponded to previous 
research and should therefore be recommended.39-42  

Limitations and future research 

Future studies should focus on the implementation of cardiovascular risk assessments in 
women with a history of preeclampsia, and the use of maternal recall therein. 
Since a hypertensive pregnancy disorder is also a risk factor for subsequent pregnancies, 
recall shortly after pregnancy is also valuable.43 Our study was performed in women 5 to 10 
years after pregnancy, and therefore not automatically applicable to that time frame. 
Studies on maternal recall were performed shortly after pregnancy, but no distinction was 
made between early- and late-onset preeclampsia while early-onset preeclampsia 
increases the risk of recurrence up to 25%.44 Future studies could take this into account.  

QUESTION 4: 
Can we influence the willingness to modify behavior by communicating or 
framing cardiovascular risk factors? 
 
In the general population, cardiovascular risk factors can be modified by lifestyle changes.45 
Also in women with a history of preeclampsia, lifestyle interventions seem to be effective in 
decreasing cardiovascular risk.19 But lifestyle interventions only work if people are 
motivated to implement them. We studied the motivation to change lifestyle to reduce 
cardiovascular risk, in women with a history of preeclampsia, in chapters 7 and 8. In 
chapter 7 we have tested the assumption that it is motivating for an individual to be 
informed about the presence of risk factors.46 We found that communicating the presence 
or absence of cardiovascular risk factors in these high-risk women had no effect on the 
intention to change to a healthier diet or the intention to change to adequate exercise 
levels. Communicating the presence of risk factors only affected the intention to stop 



 

smoking. Nor did having a history of early-onset preeclampsia or uncomplicated pregnancy 
affect the intention to change to healthier behavior.  
The effect of how cardiovascular risk is communicated and its interaction with the 
perceived probability of developing cardiovascular disease, was studied in chapter 8.47 In 
promoting healthy lifestyle, it has been demonstrated that even subtle differences in 
message framing can affect health-related behavior.48-51 Cardiovascular risk, for example, 
can be framed as change to stay healthy or as risk to develop a disease. Our findings did not 
show an effect of framing in communicating cardiovascular risk information on the 
willingness to modify behavior. The perceived probability of developing cardiovascular 
disease was of significant influence on the willingness to modify behavior. This is in line 
with the Health Belief Model: the greater the perceived risk, the greater the likelihood of 
behavior modification to decrease that risk.52 

Conclusion 

Women with increased cardiovascular risk after preeclampsia seem not to be motivated to 
change lifestyle by communicating risk factors as stand-alone intervention. The perceived 
risk of developing a condition could be used as a motivator, but framing this probability has 
no impact. 

Limitations and future research 

A review on ‘Interventions to promote lifestyle changes to reduce cardiovascular risk 
factors’ in the general population, described that behavior change interventions should 
essentially be based on cognitive-behavioral strategies.53 An assessment of cardiovascular 
risk factors determines who is at risk and needs further intervention, but is not part of the 
intervention itself. Future research should therefore implement cognitive-behavioral 
strategies in intervention trials. The focus should not only be on lifestyle interventions but 
also on the foregoing step, how to motivate these women to modify behavior.  
 
This thesis answered important questions about the knowledge about women with an 
increased cardiovascular risk after early-onset preeclampsia. It is clear that these women 
are at risk, but no specialty feels the responsibility to provide appropriate care. 
Gynecologists lose sight of them so many years after pregnancy, cardiologist do not come 
into the picture because they don’t (yet) have clinical cardiovascular disease, and general 
practitioners do not invite them for screening because it is not recommended in their 
guideline. Women’s health, also in the particular case of women who are at risk after 
preeclampsia, needs a cross-disciplinary approach.  

 



 

CONCLUSION  
 
Women with a history of early-onset preeclampsia have major cardiovascular risk factors 
and high prevalence of preclinical diastolic dysfunction already in the fifth decade of life, 
with a mean age of 44 years. Currently, this vulnerable group of women does not receive 
attuned health care. Future research should be focused on interventions to reduce 
cardiovascular risk specifically in these women, on how these women can be motivated 
best to adhere to these interventions, but also focused on the implementation of a 
guideline that ensures that these women stay in the picture so that healthy aging will 
improve in these high risk women.  
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ENGLISH SUMMARY 
 
Cardiovascular disease is the main cause of death in women worldwide, and the second 
cause of death in The Netherlands. It has become evident that women who have had 
preeclampsia, a hypertensive pregnancy disorder, face an increased cardiovascular risk 
later in life.  
The Dutch guideline 'Cardiovascular risk management after reproductive and pregnancy-
related disorders' recommends that women with a history of preeclampsia should undergo 
a cardiovascular risk assessment at the age of 50. Choosing the age of 50 was a pragmatic 
choice rather than scientifically founded, since the course of cardiovascular risk factors over 
time among these women is largely unknown. Therefore, this thesis focuses on women’s 
cardiovascular risk profile in the fifth decade of life,  between their 40’s and 50’s, in relation 
to a history of early-onset preeclampsia.  
This thesis is divided in four parts. The first part gives an introduction of the hypertensive 
pregnancy disorder preeclampsia, cardiovascular disease in women and the increased risk 
of cardiovascular disease after preeclampsia. The second part focusses on the assessment 
of cardiovascular risk factors, established CVD and diastolic dysfunction in women with 
history of early-onset preeclampsia. Research was conducted in the fifth decade of life, 
when premature cardiovascular diseases are expected to develop. The third part consists 
three studies on cardiovascular risk perception in women with a history of preeclampsia. 
The fourth part includes the general discussion and summary of the thesis.  
 
  



 

Part I − Introduction 
 
Chapter 1 provides a general introduction and reveals gaps in the research of women in the 
fifth decade of life, with a history of early-onset preeclampsia, and the corresponding 
objectives achieved in this thesis. 
 
Chapter 2 further introduces the comprehensive disease of preeclampsia. Preeclampsia is a 
common pregnancy specific disease with major impact in long term outcome for both 
women and their children. This review gives the most recent insight with focus on impact 
on the fetus, short and long-term outcome of offspring’s, and long-term outcome of 
women with a history of preeclampsia. Women with a history of preeclampsia are prone to 
cardiovascular disease later in life. This implies the opportunity to develop and evaluate 
preventive programs at a relative young age. In addition, the effects of maternal treatment, 
the medication she receives, and the exposure to a deprived intrauterine environment, on 
long-term outcome for children is unclear and should therefore be examined. 
 
Part II − Cardiovascular risk factors after preeclampsia 
 
Chapter 3 presents a prospective observational study in which we assessed cardiovascular 
risk factors and established cardiovascular disease in women after early-onset 
preeclampsia, in the fifth decade of life. Early-onset preeclampsia was diagnosed as 
delivery before 34 weeks’ gestation, blood pressure >140/90 mmHg, and proteinuria >300 
mg/24 h. 131 women with a history of early-onset preeclampsia were compared to 56 
women with a history of uncomplicated pregnancy, 9-16 years after their index pregnancy. 
Cardiovascular risk assessment consisted of a questionnaire, blood pressure measurement, 
anthropometrics, and laboratory screening of blood and urine. Women with a history of 
early-onset preeclampsia had significantly greater systolic and diastolic blood pressure, 
greater body mass index, more often an abnormal lipid profile (lower high-density 
lipoprotein levels, higher triglycerides), greater glycated hemoglobin, and greater levels of 
albuminuria compared to controls. None of the women with a history of early-onset 
preeclampsia was diagnosed with cardiovascular disease; 38.2% was diagnosed with 
hypertension; and 18.2% was diagnosed with metabolic syndrome. In women with a history 
of an uncomplicated pregnancy, no women were diagnosed with cardiovascular disease; 
14.3% were diagnosed with hypertension; 1.8% with metabolic syndrome. We have 
showed that women with a history of early-onset preeclampsia had major cardiovascular 
risk factors, compared to women with an uncomplicated pregnancy in history, RR 2.7 for 
hypertension and RR of 9.0 for metabolic syndrome. These women are currently outside 
the scope of most preventive programs due to their relatively young age, but have 
important modifiable risk factors for cardiovascular diseases. 



 

 
Chapter 4 describes a systematic review and meta-analyses on shared biomarkers between 
preeclampsia and heart failure with preserved ejection fraction (HFpEF). These shared 
markers represent common pathogenic pathways between both diseases and might be 
potentially eligible for cardiovascular risk stratification in women after hypertensive 
pregnancy disorders. A first literature search was conducted to assess blood markers in 
women with diastolic dysfunction. With a second literature search we investigated whether 
these same biochemical markers were present in preeclampsia. The first search on 
biomarkers discriminating women with HFpEF from female controls, yielded 13 studies on 
11 biochemical markers. The second search was for studies discriminating women with pre-
eclampsia from women with non-hypertensive pregnancies with at least one of the 
biomarkers found in the first search. After the second search 51 studies on seven 
biomarkers were included in meta-analyses and 79 studies on 12 biomarkers in systematic 
review. Eleven biological markers differentiated women with diastolic dysfunction from 
controls, of which the following 10 markers differentiated women with pre-eclampsia from 
controls as well: C-reactive protein, HDL, insulin, fatty acid-binding protein 4, brain 
natriuretic peptide, N terminal pro brain natriuretic peptide, adrenomedullin, mid-region 
pro adrenomedullin, cardiac troponin I, and cancer antigen 125. Our study supports the 
hypothesis that HFpEF in women shares a common pathogenic background with 
preeclampsia. The biomarkers representing inflammatory state, disturbances in myocardial 
function/structure, and unfavorable lipid metabolism may possibly be eligible for future 
prognostic tools. 
 
Chapter 5 presents the parameters regarding heart failure with preserved ejection fraction 
(HFpEF) in all women who participated in the cardiovascular risk assessment study 
described in chapter 3. Early-onset preeclampsia and HFpEF share common mechanistic 
hallmarks including systemic inflammation, endothelial dysfunction and deficient 
vascularization of either uterus or myocardium. HFpEF is preceded in middle age by 
preclinical left ventricular diastolic dysfunction. 131 women with a history of early-onset 
preeclampsia were compared to 56 women with a history of uncomplicated pregnancy to 
assess echocardiographic indices of ventricular function and structure and biomarkers of 
systemic inflammation or endothelial dysfunction. Women with a history of preeclampsia 
had higher body mass index, blood pressure and plasma levels of interleukin-6 and soluble 
intercellular adhesion molecule-1 (sICAM-1). They had thicker septal and posterior left 
ventricular walls and worse diastolic left ventricular function evident from reduced mean 
mitral annular lengthening velocity (E’mean) and higher ratio of early diastolic mitral flow 
velocity (E) over E’mean (E/E’mean). Differences of sICAM-1, E’mean and E/E’mean 
remained significant after accounting for BMI and blood pressure. This study showed that a 
history of preeclampsia predisposes in middle age to worse left ventricular diastolic 



 

function, which could increase the likelihood of later HFpEF development. This 
predisposition derives not only from persistent cardiovascular risk but probably also from 
persistent endothelial dysfunction hindering adequate vascularization in the uterus during 
pregnancy and in the myocardium in middle age. 
 
Part III − Cardiovascular risk perception after preeclampsia 
 
Chapter 6 describes the ability of women to recall hypertensive disorders in pregnancy in 
their fifth decade of life and whether they can differentiate between early-onset, late-onset 
preeclampsia and gestational hypertension. Women with history of early-onset 
preeclampsia, late-onset preeclampsia, gestational hypertension, uncomplicated pregnancy 
or preterm birth were asked to participate 5 to 10 years after their index pregnancy. 
Maternal recall was assessed using a questionnaire and compared to medical records. We 
found that the recall of early-onset preeclampsia had a sensitivity of 98.1% and specificity 
of 94.2%, recall of late-onset preeclampsia had a lower sensitivity of 68.2% and specificity 
of 91.1% and gestational hypertension had only a sensitivity of 29.0% and specificity of 
97.9%. Furthermore  we found that lower gestational age at delivery was associated with 
higher rates of correct maternal recall (OR 0.734, 95% CI: 0.658-0.819). So, the shorter the 
gestational age, the better the recall. These results demonstrate that early-onset 
preeclampsia can accurately be assessed using a simple questionnaire. Recall of late-onset 
preeclampsia and gestational hypertension was less accurate. These last mentioned women 
overstated their risk by recalling a more severe hypertensive disorder. In clinical practice 
this would be suitable to detect most women at risk. 
 
Chapter 7 evaluates the effect of communicating cardiovascular risk factors on intended 
healthy behavior in women with a history of preeclampsia or uncomplicated pregnancy. It 
is often assumed that it is motivating for an individual to be informed about the presence 
of risk factors, but studies supporting this assumption were lacking. The intention for 
healthy behavior, as a proxy for actual behavior, was assessed before and after a 
cardiovascular risk assessment. Healthy behavior was subdivided in healthy diet, sufficient 
exercise and smoking cessation for smoking participants. Following the risk assessment, 
two groups were distinguished: women who did not have cardiovascular risk factors at risk 
assessment and those who had one or more risk factors. In women with cardiovascular risk 
factors, the intention to quit smoking increased, whereas intended healthy diet and 
sufficient exercise did not change. In participants without risk factors, none of the healthy 
behaviors changed. This study showed that communicating risk factors in women who face 
an increased cardiovascular risk after preeclampsia does not seem to be effective as a 
stand-alone intervention. 



 

Chapter 8 analyses the effect of framing, the perceived probability and its interaction, on 
the willingness to modify behavior to reduce cardiovascular risk after preeclampsia. In 
promoting healthy lifestyle, it has been demonstrated that even subtle differences in 
message framing can affect health-related behavior. Cardiovascular risk for example can be 
presented in health score as ‘chance to stay healthy’ or risk score as ‘risk to develop a 
disease’. Another important factor influencing people’s motivation is the perceived 
probability of developing a disease. When confronted with a perceived high risk, people are 
more willing to modify their behavior than when the risk is perceived as low. We have 
studied this in 165 O&G nurses who had to fill in a questionnaire with two hypothetical 
scenarios, a case with mild preeclampsia and a case with severe preeclampsia. Case 
information was given in health score or risk score. After each scenario they had to score 
the willingness to modify their behavior. We found a significant main effect of the severity 
of the case, a non-significant main effect of framing and a non-significant interaction 
between severity and framing on the willingness to modify behavior. Framing information 
in health score or risk score and its interaction with probability was not of influence in 
motivating patients to modify their lifestyle to decrease cardiovascular risk after 
preeclampsia. Framing in health or risk score, therefore, did not seem to be contributing in 
clinical practice. 
 
Part IV − Discussion 
 
Chapter 9 provides a general discussion of this thesis. The findings are discussed in light of 
four questions, each ending with a conclusion and suggestions for future research.  
Women with a history of early-onset preeclampsia have major cardiovascular risk factors 
and high prevalence of preclinical diastolic dysfunction already in the fifth decade of life, 
with a mean age of 44 years. Currently, this group of women does not receive attuned 
health care. 

  



 

  



 

NEDERLANDSE SAMENVATTING 
 
Hart- en vaatziekten zijn de belangrijkste doodsoorzaak bij vrouwen wereldwijd en de 
tweede oorzaak van sterfte in Nederland. Het is duidelijk geworden dat vrouwen met 
preeclampsie, een hypertensieve zwangerschapsaandoening, op latere leeftijd vaker 
geconfronteerd worden met een verhoogd cardiovasculair risico. De Nederlandse richtlijn 
‘Cardiovasculair risicomanagement na reproductieve en zwangerschapsgerelateerde 
aandoeningen’ beveelt aan om bij vrouwen die een preeclampsie hebben doorgemaakt, op 
50 jarige leeftijd een cardiovasculaire risicoschatting te maken. Omdat het beloop van 
cardiovasculaire risicofactoren bij deze vrouwen grotendeels onbekend is, was het kiezen 
voor de leeftijd van 50 jaar een pragmatische keuze in plaats van een wetenschappelijk 
onderbouwde. Om die reden richt dit proefschrift zich op het cardiovasculaire risicoprofiel 
van vrouwen in het vijfde decennium van het leven, tussen 40 en 50 jaar, in relatie tot een 
voorgeschiedenis van vroege preeclampsie. 
Dit proefschrift bestaat uit vier delen. Het eerste deel geeft een introductie van de 
hypertensieve zwangerschapsaandoening preeclampsie, hart- en vaatziekten bij vrouwen, 
en het verhoogde risico op hart- en vaatziekten na preeclampsie. Het tweede deel 
concentreert zich op het vaststellen van cardiovasculaire risicofactoren, gediagnosticeerde 
cardiovasculaire ziekte en diastolische dysfunctie bij vrouwen met een voorgeschiedenis 
van vroege preeclampsie. Het onderzoek werd verricht in het vijfde decennium van het 
leven, wanneer verwacht wordt dat voortijdige cardiovasculaire ziekten zich zullen 
ontwikkelen. Het derde deel bestaat uit drie onderzoeken naar cardiovasculaire 
risicoperceptie bij vrouwen met een voorgeschiedenis van preeclampsie. Het vierde deel 
bevat de algemene discussie en samenvatting van het proefschrift. 
 
  



 

Deel I − Introductie 
 
Hoofdstuk 1 geeft een algemene introductie en bespreekt de hiaten die er zijn in het 
onderzoek naar vrouwen in het vijfde decennium van het leven, met een voorgeschiedenis 
van vroege preeclampsie, en de onderzoeksvragen die daarom in dit proefschrift worden 
beantwoord.   
 
Hoofdstuk 2 introduceert uitgebreider de veelomvattende aandoening preeclampsie. 
Preeclampsie komt veel voor en heeft grote gevolgen voor de lange termijn, zowel voor 
vrouwen als voor hun kinderen. Het review geeft de meest recente inzichten in de impact 
van preeclampsie op de foetus, korte- en langetermijngevolgen voor de kinderen en 
langetermijngevolgen voor de vrouw. Vrouwen met een voorgeschiedenis van 
preeclampsie lopen later in het leven een verhoogd risico om hart- en vaatziekten te 
ontwikkelen. Dit impliceert de mogelijkheid om preventieve programma's op relatief jonge 
leeftijd te ontwikkelen en te evalueren. Daarnaast zijn de gevolgen van de behandeling van 
de moeder, de medicatie die zij krijgt, en de blootstelling aan een ongunstige intra-uteriene 
omgeving, potentieel nadelig voor een kind en dienen daarom onderzocht te worden.  
 
Deel II − Cardiovasculaire risicofactoren na preeclampsie  
 
Hoofdstuk 3 presenteert een prospectieve observationele studie waarin we 
cardiovasculaire risicofactoren en cardiovasculaire aandoeningen hebben onderzocht bij 
vrouwen in het vijfde decennium van het leven, die in het verleden een vroege 
preeclampsie hebben doorgemaakt. Vroege preeclampsie werd gediagnosticeerd bij een 
bevalling vóór 34 weken zwangerschap, bloeddruk RR 140/90 mmHg en proteïnurie 300 
mg/24 uur. 131 vrouwen met een vroege preeclampsie in de voorgeschiedenis werden 
vergeleken met 56 vrouwen met een ongecompliceerde zwangerschap in de 
voorgeschiedenis. Cardiovasculaire risicobeoordeling werd 9-16 jaar na de 
indexzwangerschap gedaan en bestond uit een vragenlijst, bloeddrukmeting, 
antropometrie en laboratoriumscreening van bloed en urine. Vrouwen met een 
voorgeschiedenis van vroege preeclampsie hadden een significant hogere systolische en 
diastolische bloeddruk, hogere BMI, vaker een abnormaal lipidenprofiel (lager HDL, hogere 
triglyceriden), hoger HbA1c, en hogere waarden van albuminurie vergeleken met controles. 
Geen van de vrouwen met een voorgeschiedenis van vroege preeclampsie werd 
gediagnosticeerd met hart- en vaatziekten; 38,2% werd gediagnosticeerd met hypertensie; 
en 16,2% werd gediagnosticeerd met metabool syndroom. In de groep vrouwen met een 
voorgeschiedenis van een ongecompliceerde zwangerschap werden geen hart- en 
vaatziekten gediagnosticeerd; 14,3% werd gediagnosticeerd met hypertensie; en 1,8% met 
metabool syndroom. We hebben met dit onderzoek aangetoond dat vrouwen met een 



 

voorgeschiedenis van vroege preeclampsie significant vaker cardiovasculaire risicofactoren 
hebben in vergelijking tot vrouwen met een ongecompliceerde zwangerschap in de 
voorgeschiedenis, relatief risico van 2,7 voor hypertensie en relatief risico van 9,0 voor 
metabool syndroom. Deze vrouwen vallen momenteel buiten het bereik van de meeste 
preventieve programma's vanwege hun relatief jonge leeftijd, maar zij hebben veelal 
beïnvloedbare risicofactoren voor hart- en vaatziekten. 
 
Hoofdstuk 4 beschrijft een systematische review en meta-analyse over biomarkers die 
zowel voorkomen bij vrouwen met preeclampsie als bij vrouwen met hartfalen met 
gepreserveerde ejectiefractie (HFpEF). Deze overeenkomstige biomarkers 
vertegenwoordigen een vergelijkbare pathogenese en komen potentieel in aanmerking 
voor cardiovasculaire risicostratificatie bij vrouwen na hypertensieve 
zwangerschapsaandoeningen. Een eerste literatuuronderzoek werd uitgevoerd om markers 
op te sporen die vrouwen met HFpEF discrimineerden van vrouwelijke controles. Met een 
tweede literatuuronderzoek hebben we onderzocht of deze markers ook discriminerend 
waren tussen vrouwen met en zonder preeclampsie. In dit onderzoek zijn 51 artikelen over 
7 biomarkers opgenomen in de meta-analyses en 79 artikelen over 12 biomarkers in de 
systematische review. Elf biomarkers differentieerden vrouwen met HFpEF van controles, 
waarvan 10 ook vrouwen met preeclampsie differentieerden van controles: C-reactief 
proteïne (CRP), HDL, insuline, fatty acid-binding protein 4(FABP4), brain natriuretic peptide 
(BNP), N-terminal pro BNP (NT-proBNP), adrenomedulline, midregionaal pro-
adrenomedulline, cardiaal troponine I en CA-125. Vrouwen met een voorgaande 
preeclampsie hadden een hoger CRP (gemiddeld verschil 8,70 mg/l; p<0,001), lagere HDL 
(gemiddeld verschil -6,29 mmol/l; p=0,05), hogere waarden van insuline (gemiddeld 
verschil 1.31 μU/ml; p<0,001), hogere BNP (gemiddeld verschil 46,95 pg/ml; p<0,001) en 
hogere waarden van NTproBNP (p=0,0103) in vergelijking met vrouwen met een 
voorgaande ongecompliceerde zwangerschap. Glucosewaarden waren vergelijkbaar tussen 
beide groepen. De verschillen in uitkomsten van FABP4, adrenomedulline, midregionaal 
pro-adrenomedulline, cardiaal troponine I en CA 125 waren ofwel tegenstrijdig, ofwel 
afkomstig van één of twee studies. Ons onderzoek ondersteunt de hypothese dat HFpEF bij 
vrouwen een vergelijkbare pathogenese heeft als de pathogenese van preeclampsie. De 
gevonden biomarkers zijn een uiting van inflammatoire toestand, veranderingen in de 
functie/structuur van het hart en een ongunstig lipidenmetabolisme, en komen mogelijk in 
aanmerking voor toekomstige prognostische modellen. 
 
  



 

Hoofdstuk 5 toont de parameters van hartfalen met gepreserveerde ejectiefractie (HFpEF) 
bij alle vrouwen die deelnamen aan het onderzoek naar cardiovasculaire risicofactoren 
zoals beschreven in het hoofdstuk 3. Vroege preeclampsie en HFpEF hebben 
overeenkomende karakteristieken, waaronder systemische inflammatie, 
endotheeldysfunctie en afwijkende vascularisatie van uterus dan wel myocard. HFpEF 
wordt op middelbare leeftijd voorafgegaan door preklinische diastolische dysfunctie van de 
linker ventrikel. In het onderzoek hebben we 131 vrouwen met een voorgeschiedenis van 
vroege preeclampsie vergeleken met 56 vrouwen met een ongecompliceerde 
zwangerschap in de voorgeschiedenis. De ventriculaire functie en structuur werd 
beoordeeld middels echocardiografie en systemische inflammatie en endotheeldysfunctie 
middels biomarkers. Het onderzoek liet zien dat vrouwen met een voorgeschiedenis van 
preeclampsie een hoger BMI, hogere bloeddruk en hogere plasmaspiegels van interleukine-
6 en soluble intercellular adhesion molecule-1 (sICAM-1) hadden. Bij hen waren het septum 
en de posterior wand van het linker ventrikel verdikt en zij hadden een slechtere 
diastolische linker ventrikelfunctie gekenmerkt door verminderde snelheid van de annulus 
van de mitralisklep (E’mean) en een hogere ratio van de vroege diastolische 
stroomsnelheid (E) over de E'mean (E/E'mean). Verschillen tussen sICAM-1, E'mean en 
E/E'mean tussen beide groepen bleven significant na het corrigeren voor BMI en 
bloeddruk. Dit onderzoek heeft aangetoond dat een voorgeschiedenis van preeclampsie op 
middelbare leeftijd predisponeert voor een verminderde diastolische functie van de linker 
ventrikel wat de kans op de ontwikkeling van HFpEF kan vergroten.  Deze predispositie is 
niet alleen het gevolg van een blijvend verhoogd cardiovasculair risico maar waarschijnlijk 
ook door een persisterende endotheeldysfunctie die adequate vascularisatie belemmert 
van de uterus tijdens zwangerschap en van de hartspier op middelbare leeftijd.  
 
Deel III − Cardiovasculaire risicoperceptie na preeclampsie  
 
Hoofdstuk 6 beschrijft het vermogen van vrouwen om zich in het vijfde decennium van hun 
leven een hypertensieve zwangerschapsaandoening juist te kunnen herinneren en of zij 
daarin onderscheid kunnen maken tussen vroege preeclampsie, late preeclampsie en 
zwangerschapshypertensie. Deelnemers hadden een voorgeschiedenis van vroege 
preeclampsie, late preeclampsie, zwangerschapshypertensie, ongecompliceerde 
zwangerschap of vroeggeboorte en waren 5 tot 10 jaar na hun indexzwangerschap. Het 
herinneren van de zwangerschap werd beoordeeld met behulp van een vragenlijst en 
vergeleken met het medische dossier. We hebben gevonden dat het herinneren van vroege 
preeclampsie een sensitiviteit had van 98,1% en specificiteit van 94,2%, het herinneren van 
late preeclampsie een lagere sensitiviteit van 68,2% en specificiteit van 91,1% en 
zwangerschapshypertensie had slechts een sensitiviteit van 29,0% en specificiteit van 
97,9%. Verder vonden we dat een kortere zwangerschapsduur bij de bevalling geassocieerd 



 

was met hogere percentages van correcte maternale herinnering (OR 0,734, 95% CI: 0,658-
0,819). Dus hoe eerder vrouwen in de zwangerschap bevallen, des te vaker zij correct de 
hypertensieve zwangerschapsaandoening herinneren. Deze resultaten tonen aan dat 
vroege preeclampsie nauwkeurig kan worden uitgevraagd met behulp van een eenvoudige 
vragenlijst. Het herinneren van late preeclampsie en zwangerschapshypertensie was 
minder accuraat. Deze laatstgenoemde vrouwen overschatten hun risico door een meer 
ernstige hypertensieve aandoening te herinneren. In de klinische praktijk echter, zou dit 
toegepast kunnen worden om zo de meeste vrouwen die risico lopen vast te kunnen 
stellen. 
 
Hoofdstuk 7 evalueert het effect van het communiceren van cardiovasculaire risicofactoren 
op de intentie voor gezond gedrag bij vrouwen met een voorgeschiedenis van preeclampsie 
of een ongecompliceerde zwangerschap. Er wordt vaak aangenomen dat het motiverend is 
om een individu te informeren over de aanwezigheid van risicofactoren, maar studies die 
deze veronderstelling ondersteunen ontbraken. De intentie voor gezond gedrag, als 
surrogaat voor daadwerkelijk gedrag, werd voor en na een cardiovasculaire 
risicobeoordeling gemeten. Gezond gedrag bestond uit gezonde voeding, voldoende 
lichaamsbeweging en stoppen met roken voor rokende deelnemers. Na de 
risicobeoordeling werden twee groepen onderscheiden: vrouwen die geen cardiovasculaire 
risicofactoren hadden en vrouwen die een of meer risicofactoren hadden. Bij vrouwen met 
cardiovasculaire risicofactoren nam de intentie om te stoppen met roken toe, terwijl de 
intentie voor gezonde voeding en voldoende lichaamsbeweging niet veranderden. Bij 
deelnemers zonder risicofactoren veranderde geen van de intenties voor gezond gedrag. 
Deze studie heeft aangetoond dat het communiceren van risicofactoren alleen, bij vrouwen 
met een verhoogd cardiovasculair risico na preeclampsie, niet effectief lijkt als een op 
zichzelf staande interventie. 
 
Hoofdstuk 8 onderzoekt het effect van ‘framing’, de risicobeleving en de interactie 
daartussen, op de bereidheid om gedrag te veranderen om cardiovasculair risico te 
verminderen na preeclampsie. Bij het motiveren van een gezonde leefstijl is aangetoond 
dat zelfs subtiele verschillen in het ‘framen’ van informatie gezondheidsgerelateerd gedrag 
kan beïnvloeden. Cardiovasculair risico bijvoorbeeld kan worden gepresenteerd als een 
gezondheidsscore 'kans om gezond te blijven' of als risicoscore 'risico om een ziekte te 
ontwikkelen'. Een andere belangrijke factor die de motivatie van mensen beïnvloedt, is de 
risicobeleving van het ontwikkelen van een ziekte. Wanneer mensen het risico als hoog 
beleven, zijn mensen meer bereid om hun gedrag aan te passen dan wanneer zij het risico 
als laag beleven. We hebben dit onderzocht bij 165 obstetrieverpleegkundigen die een 
vragenlijst moesten invullen met twee hypothetische scenario's, een casus met milde 
preeclampsie en een casus met ernstige preeclampsie. De informatie over de casus werd 



 

gegeven in gezondheidsscore of risicoscore. Na elk scenario moesten ze scoren in hoeverre 
ze bereidheid waren om hun gedrag aan te passen. We vonden een significant effect van 
de risicobeleving, een niet-significant effect van framing en een niet-significante interactie 
tussen risicobeleving en framing op de bereidheid om gedrag te veranderen. Oftewel, het 
framen van informatie in gezondheidsscore of risicoscore en de interactie met de 
risicobeleving waren niet van invloed op het motiveren van patiënten om hun leefstijl aan 
te passen om het cardiovasculaire risico te verminderen na preeclampsie. Framing in 
gezondheidsscore of risicoscore lijkt daarom niet bijdragend in de klinische praktijk. 
 

Deel IV − Discussie 
 
Hoofdstuk 9 geeft een algemene discussie van dit proefschrift. De bevindingen worden 
besproken in het licht van vier vragen, elk eindigend met een conclusie en suggesties voor 
toekomstig onderzoek. 
Vrouwen met een voorgeschiedenis van vroege preeclampsie hebben in het vijfde 
levensdecennium al belangrijke cardiovasculaire risicofactoren en een hoge prevalentie van 
preklinische diastolische dysfunctie, op een gemiddelde leeftijd van 44 jaar. Momenteel 
ontvangt deze groep vrouwen geen passende zorg. 
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